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����� O5#1B�� �*#�C �� �2�##�C � � � � � � � � � ��
����� 6�/,�� +22+ � � � � � � � � � � � � � � � � � � �
����� O5#1B�� *�53 �� �2�##D3 � � � � � � � � � � ��
����� ��!� /1� �/,�C � � � � � � � � � � � � � � � � �P
����	 Q�#�� 5 ��#$ � � � � � � � � � � � � � � � � � ��
����P R��,#+$ � ��1B�$ � � � � � � � � � � � � � � � ��

��� � �2� D 5/!�"#�##D3 � +4�1�� � � � � � � � � � � �
����� �5:�0�/1+$ �+ +:�!+ � � � � � � � � � � � � � �
����� O5#1B�$ *�53 �� �2�##D3 � � � � � � � � � � ��
����� ��� ��/,�� +22D #+ �*#�2 � +4�1� � � � � ��

� ���	�� ���� ��������	� � �� !"#$ %&
��� O+C!D / *�/1 �,#D2� *+##D2� � � � � � � � � � � � ��
��� ()�: +"�#�� *�52� #D3 � +4�1�� � � � � � � � � �

����� E�#,+1/�/ 1�2+#*D � � � � � � � � � � � � � � �
����� ��1+ ,��D 1�� *�#+,D � � � � � � � � � � � � ��
����� ��/1 �,#D� *+##D� � � � � � � � � � � � � � � ��
����� �+ +2�, �0�/1�� )+*+#�� � � � � � � � � � � ��
����	 ��!$ #D� 1�� *�#+,D � � � � � � � � � � � � �P

��� ()�: +"�#�� , �32� #D3 � +4�1�� � � � � � � � � �P
����� E�#,+1/�/ 1�2+#*D � � � � � � � � � � � � � � �P
����� ��1+ ,��D 1�� *�#+,D � � � � � � � � � � � � �

����� E4� �0�/1�� 1�� *�#+,D � � � � � � � � � � ��
����� R�!�#* �0�/1�� 1�� *�#+,D � � � � � � � � 	�
����	 H�� $2�5��!-#D� �:!+/,� � � � � � � � � � � 	�
����P ��/1 �,#D� *+##D� � � � � � � � � � � � � � � 	�

��� ()�: +"�#�� 1�#,5 �� � � � � � � � � � � � � � � � � 	P
����� E��/�: �)�: +"�#�$ � � � � � � � � � � � � � 	P
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����� ��#,5 D �+ +:�!��*+ � � � � � � � � � � � � 	�
��	 (#,� +1,��#DC  �"�2 � � � � � � � � � � � � � � � � P

% '����(��	���� ���������� ������ )%
��� I �+#�)+B�$ 4+C!�� / *+##D2� � � � � � � � � � � P�

����� ��/, �0#DC 4� 2+, � � � � � � � � � � � � � P�
����� &+, �BD *+##D3 � � � � � � � � � � � � � � � P�
����� ��22�#,+ �� �  +)*�!�,�!� � � � � � � � � � P�
����� O� 2+,D )+��/� 0�/�! � � � � � � � � � � � � P


��� O�!-, +B�$ *+##D3 S��B�$ �TU��V � � � � � � � � P�
��� O�!-, +B�$ *+##D3 S��B�$ U�WXYV � � � � � � � � ��
��� O�!-, +B�$ *+##D3 S��B�$ XZX[\V � � � � � � � � ��
��	 O�!-, +B�$ *+##D3 S��B�$ �][�V � � � � � � � � �

��P &�,�* #+�2�#-F�3 1�+* +,�� � � � � � � � � � � � � �


��P�� ��2+#*+ ^U� � � � � � � � � � � � � � � � � � � �

��P�� �D��* �+ +2�, �� +!�� �,2+ � � � � � � � � 
�

* +�,���� ���-���	 
)
��� ��2+#*+ �XT� � � � � � � � � � � � � � � � � � � � � � 
P
��� _+:!�#D � +4�1�� S��B�$ `U�]V � � � � � � � � � 
P

����� E�#,+1/�/ 1!A0+ )+*+#�$ F+:!�#+ � � � � � 
P
����� O5#1B�C #�� � D�#��� + �52�#,+ � � � � � 
�
����� O5#1B�C *�/1 �,#��� + �52�#,+ � � � � � � 
�
����� O�#+#/��D� *+##D� � � � � � � � � � � � � � � �	
����	 6�/,�� +22D � � � � � � � � � � � � � � � � � � �P
����P ��1,� #D� ��!$ � � � � � � � � � � � � � � � � ��
����� _+:!�# ^U��XWa�[ZXT � � � � � � � � � � ��
����
 �� �� #DC �D:� F+:!�#+ � � � � � � � � � ��

��� M�/!� �/��!-)5�2D3 5)!�� STbc��XTV � � � � � � �	
��� E��/�: �#,� ��!$B�� S��B�$ Tc���]V � � � � � � ��

. /�� ��������� � �� �-�������� 0
	�� ��+�+)�#D �)2�#�#�$ �� �2�##D3 � � � � � � � � � ��
	�� J+/��!�"�#�� �/�C S��B�$ bYXTV � � � � � � � � � ���
	�� H+)�+#�$ �/�C S��B�$ Y�bdX�V � � � � � � � � � � ���
	�� Q��+ �42�0�/1�C 2+/F,+: S���Tab�XV � � � � � ��P
	�	 ��!�#�$ #+ �/$3 S��B�$ �UaTV � � � � � � � � � � � ���

�



��������	�

	�P &+!�#-1�� *�!�#�$ #+ �/$3 S��B�$ c�UaTV � � � � ��
	�� � �2� D �/��!-)��+#�$ *�53 �+ �/�C � � � � � � ���
	�
 � �2�##+$ �/- � � � � � � � � � � � � � � � � � � � � � ���
	�� O� 2+, ��*��/�C 1 *�!�#�$2 � � � � � � � � � � � � ��P

) /��,������� %12���,��3���� �

P�� J+15 / �:)� + S��B�$ ZUX`V � � � � � � � � � � � � ��

P�� M�/!� �)�!�#�C S��B�$ UT�Tbc��XTV � � � � � � ���
P�� E1 D,D� !�#�� S��B�$ ]UWWX��WV � � � � � � � � ��
P�� ��!�"�#�� �!�/1�/,� Y\ SY\��b�XV � � � � � � � ���
P�	 E��,��,/,��� 2�"*5 /�/,�2+2� 1�� *�#+, � � � � ���

� 4	����� %15���,��3���� %.
��� _+:!�# �c�W � � � � � � � � � � � � � � � � � � � � � ��	
��� �D:� B��,+ � � � � � � � � � � � � � � � � � � � � � � ��	
��� R��,��+$ /3�2+ � � � � � � � � � � � � � � � � � � � � ���
��� H+/, �C1� F+:!�#+ �c�W � � � � � � � � � � � � � � ��

��	 �+!�, + � � � � � � � � � � � � � � � � � � � � � � � � � ���

��	�� ��2+#*+ )+*+#�$ � � � � � � � � � � � � � � � ���
��	�� [�d.4� 25!+ � � � � � � � � � � � � � � � � � ���
��	�� O5#1B��7 )+*+A9�� �+!�, 5 � � � � � � � � ��P
��	�� R��,���� 1�!�/� � � � � � � � � � � � � � � � � ��P
��	�	 γ.1�  �1,� ��1+ � � � � � � � � � � � � � � � � ���
��	�P ��/1 �,#�� )+*+#�� �+!�, D � � � � � � � � ���
��	�� e+*+#�� �+!�, D / ��2�9-A 4+C!+ � � � � �	
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�� H+)�+#�� � +4�1+ S��B�$ �U��XV � � � � � � � � � �	�

�� Q���#*+ �)�: +"�#�$ S��B�$ fX\V � � � � � � � � � �	�

�� ����!#�,�!-#D� #+*��/� S��B�$ �bdX�V � � � � � �	P

�� ()�: +"�#�� /, �!�1 S��B�$ b[[�`V � � � � � � �	


�	 H+*��/- g*+,+.� �2$g � � � � � � � � � � � � � � � � � �P

�P ()�: +"�#��  +)!�0#D3 4��5 � � � � � � � � � � � �P�


�P�� I:9�C /�#,+1/�/ 1�2+#*D � � � � � � � � � � �P�

�P�� ()�: +"�#�� � $2�5��!-#�1+ � � � � � � � � �P�

�P�� ()�: +"�#�� 1 5�+ � � � � � � � � � � � � � � �P�

�P�� ()�: +"�#�� h!!��/+ � � � � � � � � � � � � � �P�

	



��������	�


�P�	 ()�: +"�#�� 2#���5��!-#�1+ � � � � � � � � �P�

& :�����(�� ���,��3���� 	 ����� ���� ).
��� I��/+#��  �"�2+ c���U���� � � � � � � � � � � � �P	
��� H�/1�!-1� 1+ ,�#�1 � �*#�2 �)�: +"�#�� � � � � �PP
��� 6 +4�1 � ��� 5��!�0�##DC 4 +�2�#, � � � � � � � �P

��� �� �2�##DC 2+/F,+: �/� � � � � � � � � � � � � � � ��

0 ;������ 	����3��� ��3���	 �*
��� J5//�4�1+B�$ �;<=>?@ � � � � � � � � � � � � � � � � ���
��� E�/,�2D 1�� *�#+, �)�: +"�#�$ � � � � � � � � � � ���
��� J+)2� D7 /�$)+##D� / �)�: +"�#��2 � � � � � � � � ��	

����� J+)2� �1#+ � � � � � � � � � � � � � � � � � � ��	
����� 6 +#�B+ �:!+/,� �)�: +"�#�$ � � � � � � � ��P
����� J+)2� �:!+/,� �)�: +"�#�$ � � � � � � � � ��

����� ��!�"�#�� �)�: +"�#�$ � �1#� � � � � � � � ���
����	 ��!$ �1#+ � � � � � � � � � � � � � � � � � � � �

����P ��!$ �)�: +"�#�$ � � � � � � � � � � � � � � �


��� ��,+!� �)�: +"�#�$ � � � � � � � � � � � � � � � � � �
�
����� Q�#�� S��B�� �U�X�\�X � �U�XT�\�XV � �
�
����� _ �4, S��B�� ^��� � �XY�a���[V � � �
�
����� e+!��1+ S��B�$ ^U��V � � � � � � � � � � � � �
�

��	 O� 2+,D ���*+.�D��*+ � � � � � � � � � � � � � � � � �
�
��	�� E��B�4�1+B�� 0�/!��D3 4� 2+,�� � � � � �
�
��	�� E��B�4�1+B�� *+##D3 ,��+ g� �2$.*+,+g � �
�
��	�� a�2��!-#D� /, �1� � � � � � � � � � � � � � � �
�
��	�� �D��* /�2��!-#D3 /, �1 � � � � � � � � � � ��

��P E��/�:D �)2� �#�$ 5�!�� � � � � � � � � � � � � � � ���
��� H�)+��/�2D� �� �2�##D� � � � � � � � � � � � � � � ���
��
 E�,1+ � � � � � � � � � � � � � � � � � � � � � � � � � � ���

 <�������� -���� &%
���� ��#/,+#,D � �� �2�##D� � � � � � � � � � � � � � � � ���
���� �/, ��##D� 45#1B�� � � � � � � � � � � � � � � � � � ���
���� E�#,+1/�/ 1�2+#*#D3 /, �1 � � � � � � � � � � � � � ��	
���� �/!��#DC ��� +,� � � � � � � � � � � � � � � � � � � ���
���	 I �+#�)+B�$ �,� +B�C � � � � � � � � � � � � � � � � ��
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���	�� I�B�$ ^�[ � � � � � � � � � � � � � � � � � � ��

���	�� R�1!D � � � � � � � � � � � � � � � � � � � � � ���

���P ��2+#*+ �b�TX � � � � � � � � � � � � � � � � � � � � ��
���� ��2+#*+ dU�W � � � � � � � � � � � � � � � � � � � � � ��
���
 &+1 �/D � � � � � � � � � � � � � � � � � � � � � � � � ��

� �����3����� ���(������� �����(��	���� �0.
���� E�3 +#�#�� � +4�0�/1�3 �)�: +"�#�C � � � � � � � �	
���� �/,+�1+ � +4�0�/1�3 �)�: +"�#�C � ,�1/,D /�.

/,�2D LATEX � � � � � � � � � � � � � � � � � � � � � � �P
������ I1 5"�#�� �Ua��[X � � � � � � � � � � � � �P
������ �+1�, �[b�]UaY � � � � � � � � � � � � � � ��
������ O� 2+, ��� � � � � � � � � � � � � � � � � � � ��
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51+)+#D� � /!50+�7 1��*+ 1+1+$.,� ��B�$ $�#� #� �� �*�!�#+7 ��
)#+0�#�� �� �*�!$�,/$ �� 52�!0+#�A�

e#+0�#�$ ��B�C7 �� �*�!�##D� �� 52�!0+#�A7 2�"#� �)2�.
#�,- /��B�+!-#�C 1�2+#*�C

NG$ #!$D#�O�IMG !IPIMG$PO B B B !IPIMG$POQ

_� �1�C /��1, )#+0�#�C �+ +2�, �� �:�/��0��+�,  +)#��: +.
)�� ��)2�"#�/,�C7 � �*�/,+�!$�2D3 �;<=>?@� I,2�,�27 0,� 1�.
2+#*�C NG$ 2�"#� )+*+,- � ,+1�� ��B��7 1�,� D� #� �3�*$, �
0�/!� 1!A0�C 1�2+#* !"#$ � N!"#$7 #� ,+1"� �!�$A9�� #+ ,�
�!� �#D� /��C/,�+ ��!50+�2D3 �)�: +"�#�C�

�!$ ��)� +9�#�$ ��B�� � /�/,�$#��7 5/,+#+�!��+�2�� ��
52�!0+#�A7 � *!$ �D��*+ �+ +2�, ��7 )+*+A9�3 ,�159�� /�.
/,�$#�� ��B��7 �/��!-)5A,/$ 1�2+#*D

 �NG$ #!$D#�O�IMG
NR#A #!$D#�O�IMG

�/� )+*+##D� )#+0�#�$ ��B�C 2�"#� �,2�#�,- 1�2+#*�C
reset7 + ��!#D� ��)2�"#�/,� 1�#1 �,#�C 1�2+#*D 5)#+,-7 #+.
: +� � �#,� +1,��#�2  �"�2� 1�2+#*5

help name|command

I,2�,�27 0,� 1�2+#*+ reset #� �,2�#$�, #+/, ��17 )+*+##D3
1�2+#*+2�

KNG$ $GPMK KNG$ # $! $K KNG$ "#IJ!I$RK
KNG$ E#�$!I$RK KNG$ "D�G$S!GK KNG$ G�T#JD�CK
KNG$ JGTDMI"NDC�K KNG$ "#TI$GK KNG$ !NJDPK

�� 52�!0+#�A *!$ �)�: +"�#�$ � +4�1�� �;<=>?@ /�)*+.
�, �1#�7 � 1�,� �2 �,�: +"+A,/$ ,�159�� ��/, ��#�$� � �#.
,� +1,��#�2  �"�2� �/,- #+:� g�� $0�3 1!+��Fg7 �� #+"+,�A
1�,� D3 � �1#� 2�#$A,/$ ,� �!� �#D� �+ +2�, D ��/, ��##�.
�� � +4�1+� H+� �2� 7 �0�#- 5*�:#� ��*:� +,- ,+1�2 �: +)�2
#5"#DC  +15 / �:)� + S/2� ���7 /� �PV �!� *�+�+)�#D �)2�#�#�$
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J�/� �' � �/,�CF�� � +4�1�

#�)+��/�2D3 �� �2�##D3� ��!#DC /��/�1 ,+1�3 1�2+#* 2�".
#� �D��/,� #+ h1 +#7 #+"+� 1!+��F5 y}y� �!$ *+!-#�CF��� �/.
��!-)��+#�$  �)5!-,+,D ��/, ��#�C #5"#� /�3 +#$,-� E��/�:D
/�3 +#�#�$ ���/+#D � �!+�� ���

� ���*�2 � �2� 7 �!!A/, � 5A9�C  +:�,5 �;<=>?@� ��.
/, ��2 � +4�1� 45#1B�� SUND�VHW #+ �, �)1� [0; π] � 45#1B��7
)+*+##�C / ��2�9-A 4+C!+ *+##D3 IBJI$� O+C! IBJI$ /�*� "�,
/!�*5A9�� �$,- /, �1'
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!"#$ ND�VHW7 KIBJI$K AD$R "D�GN!#D�$N

/�)*+�, �)�: +"�#��7 � ���*�##�� #+  �/5#1� ��
H�1+1��� /�!+"��+#�$ *!$ �,� �C 45#1B��7 )+*+##�C � �

��2�9� *�/1 �,#D3 *+##D37 )+*+#� #� :D!�� ��h,�25 ��/, �.
�#�� �� � +4�1+ /��!�/- 1 ,�257 0,� :D!� #+#�/�#D )+*+##D�
,�01� #+ 1�� *�#+,#5A �!�/1�/,- � /�/�*#�� ,�01� /��*�#�!�
�, �)1+2�� j,�, /��/�: ��/, ��#�$ #�� � D�#�C 45#1B�� ��
*�/1 �,#D2 *+##D2 #+)D�+�,/$ !�#�C#�C �#,� ��!$B��C z�{�
k�01� #+3�*$,/$ * 5� �, * 5�+ #+ *�/,+,�0#� :�!-F�2  +//,�.
$#��7 ��h,�25 � +4�1 45#1B�� /�#5/ ��)5+!-#� �,!�0+�,/$ �,
� +4�1+7 ��/, ��##��� �� *�/1 �,#D2 *+##D2� e+2�,�27 0,�
�/!� �2�/,� !�#�C#�C �#,� ��!$B�� � � /��*�#�#�� /�/�*#�3
,�0�1 �/��!-)��+,- 1 ��D�7 ���/D�+�2D� 15:�0�/1�2� 2#�.
��0!�#+2� S,+1�C /��/�: #+)D�+�,/$ ��/, ��#��2 15:�0�/1���
/�!+C#+V7 ,� *�+ � +4�1+ S� +4�1� /+2��� /�#5/+ � ��� � �:!�.
"�#�$7 ��/, ��##��� �� *�/1 �,#D2 ,�01+2V :5*5, ��)5+!-#�
� +1,�0�/1� #� +)!�0�2D S���7 /� �	 � /2� ���7 /� ��V'

!"#$ ND�VHW7 KIBJI$K A "! NM##$R TN!"D�GN

H+)�+#�$ ��B�C 2�"#� /�1 +9+,- *� #�/1�!-1�3 :51� S0+.
/,� *+"� *� �*#�CV� H+� �2� 7 �2�/,�  ND�C *��5/1+�,/$ ��/+,-
� �/,�  � � � ���*�##�C �DF� 1�2+#*� h,� � +��!� :D!� � �*�.
2�#/, � ��+#�' �,AD$R �/,+��!� !�F-A7 + �, "D�GN!#D�$N% "!�
���5/,�2�/,- 1�#1 �,#��� /�1 +9�#�$ � �9� �/��� � ��� �,-
h1/�� �2�#,+!-#��

�+"#5A  �!- � !A:�C �!!A/, +B�� �� +�, �� �#�F#�C ��*�
H+*��/� #� /!�*5�, *�!+,- /!�F1�2 2�!1�2�7 ,�1� �/� h!�2�#,D
 �/5#1+ *�!"#D :D,- 0�,1�2� � !��1� 0�,+�2D2�� �� 52�!.
0+#�A �;<=>?@ #� �/��*+ �D:� +�,  +)2� F �4,+ *�/,+,�0#�
1 5�#DC7 ��h,�25 !50F� ��*:� +,- ��� /+2�27 ,�2 :�!�� 0,� h,�
*�/,+,�0#� !��1� /*�!+,- S/2� �����7 /� �
�V� j,� )+2�0+#�� �/�.
:�##� +1,5+!-#� � � ��*��,��1� /,+,�C � "5 #+!D� ��!� � ,�27
0,� � � �� /,1� #�2� ��  �*+1,� D 0+/,� �/��!-)5A, /"+,��
 �/5#1��7 0,� ��* 0+/ *�!+�, #�1�,� D� *�,+!� � #�3 /!�F.
1�2 2�!1�2�� �+!�� � � �2� +3 2D #� �/��*+ :5*�2 51+)D�+,-
1�2+#*D7 5/,+#+�!��+A9��  +)2� F �4,+�
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� � ���*�##�2 �DF� � �2� �  +)2� F �4,+ 5 ��*��/�C
*�!�#�C #+ �/$3 � � !���#*�  �/5#1+ :D! )+*+# /!�*5A9�2�
1�2+#*+2�'
NG$ H$DTN E#�$ X7�0X
NG$ S$DTN E#�$ X7�0X
NG$ YGS $D$"G E#�$ X7��X
J+)52��,/$ �#� *�!"#D :D,- �D��!#�#D *� 1�2+#*D !"#$ �!�
N!"#$�

I,2�,�27 0,� � *�52� #�2 /!50+� � $2�5��!-#�17 �*�  �.
/5A,/$ � +4�1� S�:!+/,- �)�: +"�#�$V7 �1+C2!$�,/$ � $2D.
2� S�, �)1+2�V7 1�,� D� �� +A,  �!- �/�C 1�� *�#+, S/2� 	��7
/� ���V� Q��+$ /,� �#+ � $2�5��!-#�1+ /0�,+�,/$ �/#��#�C �/-A
r7 + #�"#$$ % �/#��#�C �/-A v� �� 52�!0+#�A #+ #�3 #+#�.
/$,/$ *�!�#�$ / ��*��/$2�� H+ *�53 * 5��3 /,� �#+37 1�,� D�
#+)D�+A,/$ �/$2� 1�� *�#+, v� � r�7 #+#�/$,/$ !�F- *�!�#�$�
Q���#*+  �/5#1+ :D!+ /�)*+#+ /+2�2 �;<=>?@ :�) 1+1�3 !�:�
*���!#�,�!-#D3 1�2+#*�

I, �)�1 [0; π] % *�+�+)�# �2�#�#�$ #�)+��/�2�C �� �2�#.
#�C7 :D! �D: +# +�,�2+,�0�/1� �/3�*$ �) *�/1 �,#D3 *+##D3�
��+�+)�# �)2�#�#�$ )+��/�2�C �� �2�##�C � #+F�2 /!50+� ,�.
"� :D! �D: +# +�,�2+,�0�/1� �/3�*$ �) �:!+/,�C )#+0�#�C
�)�: +"+�2D3 45#1B�C�
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� h,�C �!+�� :5*5, � ���*�#D � �2� D #+:� �� 1�2+#*7 ��)��.
!$A9�3 /�)*+,- � +4�1� 45#1B�� �*#�C �� �2�##�C y = f(x)
� *�53 �� �2�##D3 z = f(x,y)7 + ,+1"� * 5��� ��!�)#D� � +4�.
0�/1�� �)�: +"�#�$�

� �� ��2 �+ +� +4� #+:� D 1�2+#* � � �2� +3 2�#�2+!-.
#D�� I#� /, ��� � �*#+)#+0�#D *!$  �F�#�$ 1�#1 �,#�C )+*+.
0�� � � "�!+#�� 0�,+,�!- 2�"�, �)$,- /��,��,/,�5A9�C #+:� 
)+ �/#��5 1�2+#*#��� 4+C!+ *!$  �F�#�$ /���3 )+*+0�

�,� �C �+ +� +4 /�*� "�, � �2� D #+:� �� 1�2+#*7 1�,�.
 D� � �*#+)#+0�#D *!$ *�2�#/, +B�� ��)2�"#�/,�C �;<=>?@ ��
/�)*+#�A �)�: +"�#�C7 �,��0+A9�3 )+� �/+2 , �:��+,�!-#���
��!-)��+,�!$� ��*0� 1#�2 ,�7 0,� ��0,� �/� 1�2+#*D � h,�3
#+:� +3 #� $�!$A,/$ #��:3�*�2D2� *!$ ��/, ��#�$ �)�: +"+.
�2D3 � +4�1��� � � ���*�##D3 � �2� +3 �#� �/��!-)5A,/$ *!$
�!!A/, +B�� ,���7 0,� 2�"#� *���!#�,�!-#� /*�!+,- / �)�: +.
"�#��27 �/��!-)5$ �;<=>?@� H+� �2� 7 � /!50+$3 #��:3�*�2�.
/,� �D��*+ *���!#�,�!-#�C �#4� 2+B��7 � ��!�0�#�$ �#�2+.
#�$ 1 �,*�!-#D2 4 +�2�#,+2 � +4�1+ � ,�*� �+"*+$ 1�2+#*+
/#+:"�#+ 1� �,1�2 1�22�#,+ ��2 ,���7 *!$ 0��� �#+ �/��!-.
)��+#+ � //D!1�C #+  +)*�! ��/�:�$7 �*� 2�"#� � �0�,+,- �
#�C�

M�,+,�!$27 #� �!+#� 5A9�2 ��* �:#� �)50+,- ��/�:��7
2�"#� ��/���,��+,- *���!#�,�!-#� �: +,�,- �#�2+#�� #+ /!�.
*5A9�� � �2� D ���7 ���7 ����7 	��7 	��7 P��7 ���7 ���7 ���7 ��� �
����

(�( )%���%' *%���'� +%� ���&

BB Z8��>�� ����� ����������

� 1+0�/,�� �� ���� � �2� +  +//2�, �2 /!50+C7 1��*+ , �:5�,/$
#+ �*#�C �!!A/, +B�� � ���/,� � +4�1� #�/1�!-1�3 45#1B�C
�*#�C �� �2�##�C7 5 1�,� D3 /���+*+A, �:!+/,� �� �*�!�#�$7 +
�:!+/,� )#+0�#�C #�/�!-#�  +)!�0+A,/$� �;<=>?@ ��)��!$�,  �.
/��+,- � +4�1� 45#1B�C7 )+*+##D3 �� 4� 25!� S/2� ����7 /� ���
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� ����7 /� ���V �!� *�/1 �,#D2� *+##D2� S/2� ���7 /� ��V�

� � ���*�##�2 #�"� � �2� � �)�: +"+A,/$ � +4�1� , �3
45#1B�C� I*#+ �) #�3 �� �*�!�#+ �� 4� 25!�7 + *�� * 5���
)+*+A,/$ / ��2�9-A 4+C!+ ywu~<>@�ts@y �7 /�*� "+9��� , � 1�.
!�#1� 0�/�!� � �� ��C 1�!�#1�  +/��!�"�#D )#+0�#�$ + �52�#.
,+7 + � *�53 * 5��3 % )#+0�#�$ 45#1B�C� �+"*+$ 1�!�#1+ )+.
*+�, )#+0�#�$ /���C 45#1B��� � h,�2 /!50+� , �:5�,/$ $�#�
51+)+,- /��/�: �/��!-)��+#�$ *+##D3 / ��2�9-A ��B�� using
S/2� ���7 /� P�V� � 1�2+#*� plot7 #���/ �*/,��##� �/59�/,�!$A.
9�C ��/, ��#�� � +4�1��7 ,+1"� �/��!-)��+#D ��B�� with *!$
)+*+#�$ F+:!�#+ S/��/�:+ �)�: +"�#�$V 1 ��D3 � title *!$ /�.
)*+#�$ #5"#��� 1�22�#,+ �$ � !���#*��

� ���*�2 1�2+#*D �;<=>?@7 / ��2�9-A 1�,� D3 :D!� ��!5.
0�#� �)�: +"�#��7 1�,� �� 2�"#� 5��*�,- #+  �/5#1� ��

������ B

x e+*+,- 2�/,���!�"�#�$ !���#*D /!��+ � #�"#�C 0+/,�
x �)�: +"�#�$ S/2� 
��7 /� �	�V�
NG$ YGS "GE$ [#$$#M E#�$ K7)K
x e+*+,- ��*��/� 1 �/$2 � ��*� #+*��/�C yYy � y�y
x S/2� 	��7 /� ���V�
NG$ H"I[G" X\X E#�$ K7)K
NG$ S"I[G" X]X E#�$ K7)K
NG$ H$DTN E#�$ K7)K
NG$ S$DTN E#�$ K7)K
x e+*+,- 45#1B�A u 4� 25!�C7 �/��!-)5A9�C ,� #+ #DC
x ��� +,� S/2� ����7 /� ���V�
 VHWUVH^UW_`0
x e+*+,- 0�/!� �/��!-)5�2D3 *!$ ��/, ��#�$ � +4�1+ 5)!��
x  +�#D2 � S/2� ���7 /� �	V
NG$ NIM!"GN 000
x H+ �/��+,- � +4�1� 45#1B�C S/2� ���7 /� �V� I,2�,�27
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J�/� �' 6 +4�1� 45#1B�C �*#�C �� �2�##�C

x 0,� � � ���,� #�2 �/��!-)��+#�� � �*#�C 1�2+#*� !"#$
x �*#��� � ,��� "� 4+C!+ *+##D3 ��� �2$ 2�"#� #� 51+)D�+,-7
x #� 1+�D01� � � h,�2 #5"#� �/,+��,-�
!"#$ KPGa "$BJI$K b
 ND�C `� AD$R "D�GN!#D�$N $D$"G KcIH5dG�JP#efN NTRGMGK7 b
K K  ND�C `% AD$R "D�GN!#D�$N $D$"G KI�  !AD�J NTRGMGK7 b
 VHW $D$"G KI� GHIT$ N#" $D#�K

� /!50+�7 �/!� 1 ��D� �2�A, /59�/,��##� �,!�0+A9��/$ �:.
!+/,� �� �*�!�#�$ �!� )#+0�#�C � � ,� "� � �2$ �3 , �:5�,/$
�)�: +)�,- #+ �*#�2  �/5#1�7 � �;<=>?@ �/,- ��)2�"#�/,- )+.
*+,- *�� �+ D �/�C 1�� *�#+, S/2� 	��7 /� ��� � 	��7 /� ���V �!�
��/��!-)��+,-/$  �"�2�2 M "$D!"#$ S/2� �7 /� �P	V�

�;<=>?@ +�,�2+,�0�/1� /,+ +�,/$ �)�: +"+,- � +4�1�  +).
#D3 45#1B�C7 #+ �/��+##D3 #+ �*#�C 1+ ,�#1�7 2�#$$ B��,
� F+:!�# �/��!-)5�2D3 !�#�C� � /!50+�7 �/!� �D:� �;<=>?@
�+/ #� 5/, +��+�,7 2�"#� )+*+�+,- /��/�: �)�: +"�#�$ ,�C �!�
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�#�C !�#�� $�#D2 �: +)�2 S/2� �7 /� 
PV�

I/�:�##� 3�0�,/$ �D*�!�,- ��B�A )+*+#�$ 0�/!+ �/��!-)5�.
2D3 5)!�� SNIM!"GNV� j,+ ��B�$ *�C/,�5�, � � ��/, ��#�� � +.
4�1�� 45#1B�C7 )+*+##D3 �� 4� 25!�� �� 52�!0+#�A h,� 0�/.
!� #���!�1�' �/��� � ,�0�1� �)!D % h,� ,�01� #+ �, �)1�7 #+
1�,� �2 /, ��,/$ � +4�1 S)+*+##�2 *�+�+)�#� �)2�#�#�$ #�)+.
��/�2�C �� �2�##�CV� � h,�3 5)!+3 �;<=>?@ �D0�/!$�, )#+0�#�$
45#1B��7 )+*+##�C �� 4� 25!�� �  �)5!-,+,� ��!50+A,/$ ,�01�
#+ �!�/1�/,�7 0� �) 1�,� D� )+,�2 � ���*�,/$ 1 ��+$7 1�,� +$
� �#�2+�,/$ )+ � +4�1 45#1B���

� /!50+� 45#1B�� �)  +//2�, �##��� � �2� + � � ��59�#.
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1− x

1− t
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#�!-7 �/, �0+$ �5/,5A /, �15� j,� , �:5�,/$ *!$ , �32� #D3
� +4�1�� / *�52$ #�)+��/�2D2� �� �2�##D2�7 �*� �/� ,�01�
*�!$,/$ #+ � 5��D S:!�1�V� �+"*+$ � 5��+ �,*�!$�,/$ �, * 5.
��C �5/,�C /, �1�C� H�2� ,�01� � � 5���7 1�,� �C �#+ � �.
#+*!�"�,7 1+1  +) � )+*+�, �,� �C g�/��*�/,�!:�Bg� k �,�C S/
#�2� �2 .�V $�!$�,/$ #�2� �2 � 5��D7 1�,� �C � �#+*!�"�,
*+##+$ ,�01+� I: +9�#�� 1 ,�159�25 )#+0�#�A h,�3 g�/��*�.
/,�!:B��g �/59�/,�!$�,/$ ,+1"� 1+1 � 1 )#+0�#�$2 �:D0#D3
/,�!:B��' T#" M�V0W7 T#" M�V5W �!� T#" M�V5�W� � #5!���.
25 /,�!:B5 �/,- ��)2�"#�/,- �: +9+,-/$ q0�

I: +,�2 �#�2+#�� #+ ,�7 1+1  �+�� 5�, �;<=>?@ #+ *�� �5.
/,D� /, �1� 2�"*5 *+##D2�� �/, �,�� �3 � 4+C!�7 )+*+A9�2
45#1B�A �*#�C �� �2�##�C7 �# /, ��, , � � +4�1+ �2�/,�
�*#���� H+� �2� 7 �5/,- � 4+C!� �@w�ts@ )+��/+#D /!�*5A9��
/, �1�'
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x v r \uww?w
�� ��� ��
�� ��
 ��
�� ��P ��

��� �
 ��
��� �� ��
��� �� ��

��� ��	 ��
��� ��� ��
��� ��� ��

�  �)5!-,+,� ��/!� �D��!#�#�$ 1�2+#*

������ %B

NG$ YGS E#�$ K7�0K
NG$ H$DTN E#�$ K7)K
NG$ S$DTN E#�$ K7)K
!"#$ KN$PBJI$K  ND�C `� AD$R "D�GN

��!50�,/$  �/5#�1 �� e+2�,�27 0,� � h,�2 /!50+� �/� , � � +.
4�1+  �/5A,/$ �*#�2 B��,�2�

%BB� �����>� ������

� *���!#�#�� 1 ����������8 �������@ ������ �;<=>?@ *�.
�5/1+�, ��������� ��������7 1�,� �� � �2�#$�,/$ *!$ �� �.
*�!�#�$ )#+0�#�C 45#1B�� *�53 �� �2�##D3� &+, �0#�� 3 +.
#�#�� :D�+�, *�53 ��*��' ���������� V �DE#PMW � ������5
�������

I��F�2 �#+0+!� ���������� 2+, �0#DC /��/�: 3 +#�#�$�
� h,�2 /!50+� �/� *+##D� 3 +#$,/$ � ��*� ,+:!�BD 0�/�!

~�� ~�� ~�� ~�� ���
~�� ~�� ~�� ~�� ���
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J�/� �' h44�1, �+ #D3 �5/,D3 /, �1

~�� ~�� ~�� ~�� ���
� � � � � � � � � � � � �

�+"*DC h!�2�#, h,�C ,+:!�BD )+*+�, )#+0�#�� 45#1B��
z = f(x,y) �� � +��!5

znm = f(m,n).

�5/,- � 4+C!� �s@w�v�ts@ )+*+#+ 2+, �B+

 � � �
� � 	 �
� 	 
 ��
� � �� �

�P �� � �	
�	 �P �� ��

�� 52�!0+#�A � � �)�: +"�#�� ���� 3#�/,� 4� 2+,�2
MI$PDH 1�� *�#+,D x � y h,� �#*�1/D /, �1 � /,�!:B�� /�.
�,��,/,��##�7 ,��� *�+�+)�#D z'�{ � z'	{� E!�*5A9�C � �2� 
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J�/� ��' � �2� �/��!-)��+#�$ *+##D3 � � �*#� �*#�2 2+,.
 �0#�2 /��/�:� 3 +#�#�$

��1+)D�+�,7 1+1 �)2�#�,- *�+�+)�# �� �� �2�##�C x / z'�{ #+
z�'�{�

������ %B�

NG$ YGS E#�$ K7�0K
NG$ H$DTN #eNG$ 075 E#�$ K7)K
NG$ S$DTN #eNG$ 750B�. E#�$ K7)K
NG$ a$DTN 0 E#�$ K7)K
NG$ H$DTN VX00X 07 X�00X 7 X%00X �W
N!"#$ XMI$PDHBJI$X MI$PDH AD$R "D�GN

J�)5!-,+, �D��!#�#�$ h,�3 1�2+#* � ���*�# #+  �/5#1� ���

� /!50+� ������������� 2+, �0#��� /��/�:+ 3 +#�#�$ 1�.
� *�#+,D ,�0�1 � 4+C!� *+##D3  +/��!�"�#D �� /!�*5A9�25
� �#B��5

��� r r� r� � � � r�
v ~ ~� ~� � � � ~�
v� ~� ~�� ~�� � � � ~��
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� ,��� 0����	"�1	� ����� � ������	

� � � � � � � � � � � � � � � � � � � � � � �

j,+ ,+:!�B+ � � �B�//� ��/, ��#�$ � +4�1+ � ��: +)5�,/$ �
, �C1� 0�/�!7 )+*+A9�� 1�� *�#+,D ,�0�1 ���� 3#�/,�

v r ~
v r� ~�
v r� ~�
� � � � � � � � � �
v r� ~�
v� r ~�
v� r� ~��
� � � � � � � � � �

��2+#*+7 /, �$9+$ �� ,+1�2 *+##D2 ���� 3#�/,-7 �2��,
/!�*5A9�C /�#,+1/�/

N!"#$ KL"GBJI$K �#� �DE#PM MI$PDH

%BB% <���������� � �����������

�� 52�!0+#�A 1�22�#,+ �� � /, �1� 4+C!+ / *+##D2� #+0�#+.
A,/$ ��/!� /�2��!+ x7 #� �/,- ��)2�"#�/,- )+*+,- #+:� /�2.
��!��7 � � �/, �0� 1�,� ��� /!�*5A9+$ )+ #�2 0+/,- /, �1�
:5*�, � ��59�#+

JI$IL"G T#MMG�$NTRIPN xX^N$PD�CoXy

� �#,� +1,��#�2  �"�2� 2�"�, �1+)+,-/$ ��!�)#�C 1�2+#.
*+7 �D��*$9+$ #+ h1 +#  +#�� 5/,+#��!�##DC 1�2+#*�C NG$
JI$IL"G T#MMG�$NTRIPN #+:� /�2��!��

NR#A JI$IL"G T#MMG�$NTRIPN

�!$ �,2�#D  +##�� 5/,+#��!�##��� #+:� + /�2��!�� /59�.
/,�5�, 1�2+#*+

 �NG$ T#MMG�$NTRIPN

�� 52�!0+#�A *+##D� � /, �1�  +)*�!$A,/$ � �:�!+2�� I*.
#+1� #+ � +1,�1� �/, �0+A,/$ /!50+�7 1��*+  +)*�!�#�� ��.
!�C �/59�/,�!$�,/$ )+�$,�C �!� * 5��2 /�2��!�2� �!$ h,���
� �;<=>?@ �/,- 1�2+#*+

P�
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NG$ JI$IL"G NG!IPI$#P xX^TRIPoX}ARD$GN!INGy

E uu ��2�9-A 2�"#� )+*+,- !A:�C /�2��! � 1+0�/,��  +).
*�!�,�!$ ��!�C� H+� �2� 7 1�2+#*D

set datafile separator ′′,′′

set datafile separator ′′\t′′

)+*+A, � 1+0�/,��  +)*�!�,�!$ *+##D3 )+�$,5A �!� /�2��! ,+.
:5!$B�� /��,��,/,��##��

%BB* Z������ ������ �����

�!$ � +��!-#��� /0�,D�+#�$  +)#D3 4� 2 )+��/� 0�/!��D3
*+##D3 �) 4+C!�� � �;<=>?@ � �*5/2�, �#D 1�2+#*D7 )+*+A.
9�� #5"#DC 4� 2+,�

�!$ 0,�#�$ 0�/�! �) 4+C!+ / *+##D2�7 3 +#$9�3/$ � *��.
�0#�2 4� 2+,�7 �:$)+,�!-#� /!�*5�, 51+)D�+,- 1!A0 [D�IPS
��/!� �2�#� yts@s�>uy� �!$ )+*+#�$ �� 52�!0+#�A 0,�#�$ 0�/�!
� *���0#�2 4� 2+,� 2�"#� �/��!-)��+,- 1�2+#*5

NG$ JI$IL"G [D�IPS

��!�� ��* �:#� � � 0,�#�� 4+C!��7 /�*� "+9�3 *���0#DC 4� .
2+, )+��/� 0�/�!7 2�"#� � �0�,+,- �  +)*�!� [D�IPS z�{�

� $)D1� ^�[�[b� �/��!-)5A,/$ /�2��!D yty7 yWy7 y�y � y�y
� � )+��/� 0�/�! � h1/��#�#B�+!-#�C 4� 2�� �!$ 5/��F#���
/0�,D�+#�$ *+##D37 )+��/+##D3 �� ,+1�25 4� 2+,57 /!�*5�,
� �2�#�,- 1�2+#*5

NG$ JI$IL"G E#P$PI�

�!$ ��)� +9�#�$ �:D0#��� 4� 2+,+ /0�,D�+#�$ 0�/�! #5"#�
�/��!-)��+,- 1�2+#*D

unset datafile binary
unset datafile fortran
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1�, .�"#�%�4�5 $���'� 6�*4�5 789:;<

E�#,+1/�/ ��B��  ND�C /!�*5A9�C

 ND�C ^G�$PSo x`^G�$PSo x`^G�$PSo B B B yy xKE#PMI$Ky

I:G$/#�#�� �/��!-)��+#�$ h,�C ��B�� #+0#�2 / � �/,�CF���
� �2� +� M+/,� 4+C!D *+##D3 /�*� "+, � 1+"*�C /, �1� :�!-.
F� �#4� 2+B��7 0�2 , �:5�,/$ *!$ �)�: +"�#�$ 1�#1 �,#���
� +4�1+� � �2� �2 ,+1�C /�,5+B�� /!5"�, 4+C! ys;@w?=�ts@y7
/�*� "+9�C /!�*5A9�� , � 1�!�#1� *+##D3
]u�p}@ ù�p}@ bpu
�� ��� ��
�� � �
�
 P �
� �	 

��� � ��
(/��!-)5$ h,�, 4+C!7 2�"#� ��/, ��,- )+��/�2�/,� ��!�.

0�#D  �/,+ �, ��) +/,+ � ��/+ �, ��) +/,+� j,5 )+*+05 2�"#�
 �F�,- 2#���2� /��/�:+2�� �/� /!�*5A9�� 1�2+#*D �D��!#$.
A, h,� *�C/,���'

plot ′antrop.dat′ using 3 : 1, ′ ′ using 3 : 2

plot ′antrop.dat′ u (column(′′Age′′)) : (column(′′Height′′)), \
′ ′ using (column(′′Age′′)) : (column(′′Weight′′))

plot ′antrop.dat′ using (column(′′Age′′)) : (column(1)), \
′ ′ using (column(′′Age′′)) : (column(2))

J�)5!-,+, �)�: +"�# #+  �/5#1� ���
;�������� B L/!� � �*#�C 1�2+#*� !"#$ , �:5�,/$ ��/, �.

�,- #�/1�!-1� � +4�1��7 *+##D� *!$ 1�,� D3 :� 5,/$ �) �*#���
� ,��� "� 4+C!+7 ,� �2$ 4+C!+ , �:5�,/$ 51+)D�+,- �*�#  +)�
�+!-#�CF�� �: +9�#�$ 1 h,�25 4+C!5 :5*5, � ��/3�*�,-7 �/!�
� #5"#�2 2�/,� /,+��,- � �/,� *�� �*�#+ #D� 1+�D01�7

;�������� �B ��22�#,+ �� � ,�2 1+1�C � +4�1 1+15A )+.
��/�2�/,- �, +"+�, � *+##�2 1�#1 �,#�2 /!50+� :D!� +�,�2+.
,�0�/1� /�)*+#D :!+��*+ $ �/��!-)��+#�A 1�2+#*D

NG$ YGS I $#$D$"G T#" M�RGIJGP

P�
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J�/� ��' e+��/�2�/,-  �/,+ � ��/+ �, ��) +/,+

�5/,+$ )+��/- � �� �0�/!�#�� �/��!-)5�2D3 /,�!:B�� ��
52�!0+#�A :5*�,  +�#+ �� #�2� 5 � /��/1�� H+� �2� 7 ,+1��
�� �0�/!�#�� ''� �#,�� �,� 5�,/$7 1+1 �'�'�� L/!� � �� �0�/!�.
#�� 51+)+# ,�!-1� �*�# /,�!:�B7 ,� �# �/��!-)5�,/$ *!$ )#+0�.
#�C 45#1B��7 + + �52�#,+2� /!5"+, )#+0�#�$ �� (#+0� ���� $7
1�2+#*+

!"#$ KL"GK  ND�C 

h1���+!�#,#+ 1�2+#*�

!"#$ KL"GK  ND�C 0`

I�B�$  ND�C � �*�/,+�!$�, ��)2�"#�/,- 51+)+,- 4� 2+,7 ��
1�,� �25 #5"#� /0�,+,- *+##D� �) 4+C!+� �/� 0�/!+ �;<=>?@
 +//2+, ��+�,7 1+1 )+��/+##D� / *��C#�C ,�0#�/,-A � 4� .
2� / �!+�+A9�C ,�01�C� ��h,�25 �*�#/,��##D2 *��5/,�2D2
0�/!��D2 4� 2+,�2 � � 0,�#�� $�!$�,/$ yw"Ey� O� 2+, /, �1�
*!$ 0,�#�$ *+##D3 �) 4+C!+ *�!"�# /�*� "+,- 2�#�252 �*#5
/��B�4�1+B�A 0�/!����� 4� 2+,+ � 2+1/�252 /�2-� � /, �.
1� 4� 2+,+ 2��5, � �/5,/,���+,- /�2��!D y y S� �:�!+V7 y�@y

�
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S,+:5!$B��V7 y�;y S#���C /, �1�V � y��y S�?w��uutV� �/� �/,+!-.
#D� /�2��!D � ��5/1+A,/$� (/��!-)��+#�� /�2��!�� � �:�!+7
,+:5!$B��7 #���C /, �1� � �?w��uut � /, �1� 4� 2+,+ , �:5�,
�/��!-)��+#�$ *!$ �� �: +2!�#�$ *��C#D3 1+�D0�17 + #� �*�.
#+ #D3�

H+0#�2 / � �/,�CF��� � �2� +7 1��*+ 4+C! y�>u�ts@y /�*� .
"�, 2�#�252 , � 1�!�#1� 0�/�!� (#+0� ���� $7 1+"*+$ /, �1+
4+C!+ *+##D3 /�/,��, #� 2�#-F�7 0�2 �) , �3 0�/�!7  +)*�!�#.
#D3 � �:�!+2�' xk yk zk . . ., �*� k . h,� #�2� /, �1�� O5#1B�$7
� +4�1 1�,� �C , �:5�,/$ #+ �/��+,-7 )+*+�,/$ h,�2� *+##D2�
/ ��2�9-A 4� 25!D

f(x) = y + z.

��2+#*+7 /�)*+A9+$ �)�: +"�#�� � +4�1+ h,�C 45#1B��7 �D.
�!$*�, /!�*5A9�2 �: +)�2

!"#$ KL"GBJI$K  ND�C `Vq�gq%W Kw"E7w"E7w"E K

� �2� �2 �/��!-)��+#�$ �� +)*� :�!�� /!�"#��� 4� 2+,+
2�"�, /!5"�,- /!�*5A9+$ 1�2+#*+

plot ′file.dat′ using ′′% ∗ lf ,%lf ,% ∗ 20[ˆ\n]%lf ′′

I,*�!-#D� 0+/,� h,��� /�/,+�#��� 4� 2+,+ �)#+0+A,

% ∗ lf 8 � ��5/1 0�/!+7
%lf 8 0,�#�� 0�/!+7 )+��/+##��� � 4� 2+,� *�/$,�0#��� / 4�1.
/� ��+##�C ,�01�C S�� 52�!0+#�A *!$ �� �2�##�C vV7
% ∗ 20[ˆ\n] 8 � ��5/1 � /�2��!�� �� �3�*+ #+ #��5A /, �15 7
%lf 8 0,�#�� 0�/!+7 )+��/+##��� � 4� 2+,� *�/$,�0#��� / 4�1.
/� ��+##�C ,�01�C S�� 52�!0+#�A *!$ �� �2�##�C rV�

I��F�2 �9� �*�# , A17 ��)��!$A9�C 4�!-, ��+,- *+##D�� I#
�/��!-)5�, ��������� �������� S/2� ����7 /� ���V� � ���*�2
� �2� '

!"#$ KL"GK  ND�C `Vq% o 0 _ q� ` h0W

j,�, ��� +,� *!$ ,�01� / 1�� *�#+,�C v7  +�#�C )#+0�.
#�A �� ���� /,�!:B+7 �� �*�!$�, 1�� *�#+,5 r7  +�#�C )#+0�.
#�A �,� ��� /,�!:B+7 �/!� )#+0�#�� �) , �,-��� /,�!:B+ :�!-F�

��



���� ,� *����/"���	� �	�������� ������

�7 � � �,��#�2 /!50+� ,�01+ #� �)�: +"+�,/$7 ��/1�!-15 ��
� *�#+,+ ��!+�+�,/$  +�#�C ��7 + )#+0�#�� h,��� �D +"�#�$
#� �� �*�!�#�� ��!50+A9�C/$ � +4�1 /���+*+�, / ,�27 1�,�.
 DC :D! :D �)�: +"�#7 �/!� :D � #5"#D3 /, �01+3 �� �,� �2
/,�!:B� /,�$!� )#+0�#�� �s��

E �*� 1�2+#* �;<=>?@ �/,- 1�2+#*+7 ��)��!$A9+$ )+*+,-
#+:� /�2��!��7 � � �/, �0� 1�,� ��� � 4+C!� / *+##D2� /��,.
��,/,�5A9+$ /, �1+ S,�01+ � +4�1+V :5*�, � ��59�#+

NG$ JI$IL"G MDNND�C xX^N$PD�CoXy

&�"�, �1+)+,-/$ ��!�)#�C 1�2+#*+7 �D��*$9+$ #+ h1 +#  +.
#�� 5/,+#��!�##DC 1�2+#*�C NG$ JI$IL"G MDNND�C #+:� /�2��.
!��

NR#A JI$IL"G MDNND�C

�!$ �,2�#D  +##�� 5/,+#��!�##��� #+:� + /�2��!�� /59�.
/,�5�, 1�2+#*+

 �NG$ JI$IL"G

J+):� �2 � �2� �D��!#�#�$ 1�2+#*D !"#$ � 0�,D �3  +).
!�0#D3 /�,5+B�$3� �5/,- � �#,� +1,��#�2  �"�2� :D!� ���*�.
#D /!�*5A9�� 1�2+#*D'

x F+:!�# � +4�1+ % !�2+#+$7 /��*�#$A9+$ ���*�2D� ,�01�
NG$ N$S"G JI$I "D�GN!#D�$N
NG$ YGS I$ B7.0
x 1!A0 y.y �)#+0+�,7 0,� *+##D� :5*5, ���*�,-/$ / h1 +#+
!"#$ K5K $D$"G KIK
 0
� �0
% _
* *0
. .0
G x /�2��! u �)#+0+�, �1�#0+#�� ���*+ *+##D3 / h1 +#+
NG$ JI$IL"G MDNND�C xX_Xy
!"#$ K5K $D$"G K[K
 0

��
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� �0
% _
* *0
. .0
G
!"#$ K5K  ND�C `� $D$"G KTK
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�)#+0+�,7 0,� , �:5�,/$ *�+ *���!#�,�!-#D3 /,�!:B+ � 4+C!� /
*+##D2� / �F�:1+2� *!$ #�)+��/�2�C � )+��/�2�C �� �2�##D3�

H+  �/5#1� �	 � ���*�#  �)5!-,+, ���/1+ 2�,�*�2 #+�2�#-.
F�3 1�+* +,�� � �:!�"�#�$ *+##D3 4+C!+ g�@�ts@g

� H S ymin ymax

5� .B. %B& )
5 0B0 50B. B.
0 50B. 5 0B
 � 0B� �B






� ,�?� @���� ��	���/!	� �������

� % �B& *B�
% 0 
B. 0B�
* . *B
 )B*

()�: +"�#�� :D!� ��!50�#� ��/!� �D��!#�#�$ /!�*5A9�3
1�2+#*�

������ %B*

x ��*1!A0�,-  �"�2 /�3 +#�#�$ /,+,�/,�0�/1�3 �+ +2�, ��
x � ��*� )#+0�#�C /,+#*+ ,#D3 �� �2�##D3�
NG$ L$ GPP#PlIPDI["GN
NG$ YGS "GE$ E#�$ K7)K x E2�/,�,- !���#*5 �!����
NG$ H$DTN E#�$ K7)K
NG$ S$DTN E#�$ K7)K
x e+��!���1 *!$ /��/1+ �D��*�2D3 �+ +2�, ���
NG$ "I[G" K��Q�c z�m�{�tm|K I$ CPI!R 0B�7 0B
 b
E#�$ XtDMGN7�0X
EVHWUIrHrHg[rHgT x e+*+,- ��* � �:!�"�#�$�
x ��/, ��,- � �:!�"�#���
L$ EVHW KL$BJI$K  ND�C `�`V5q%gq*W SGPP#P lDI I7[7T
x �D��* 1�h44�B��#,�� s7 � � N�
NG$ "I[G" N!PD�$EVXIUw)B*EX7IW b
I$ CPI!R 0B�7 0B� E#�$ XtDMGN7*X
NG$ "I[G" N!PD�$EVX[Uw)B*EX7[W b
I$ CPI!R 0B�7 0B). E#�$ XtDMGN7*X
NG$ "I[G" N!PD�$EVXTUw)B*EX7TW b
I$ CPI!R 0B�7 0B) E#�$ XtDMGN7*X
x �D��* /,+,�/,�0�/1�3 �+ +2�, ���
NG$ "I[G" C!PD�$EVXgh5 w)B%Nr0�xw|yX7IOGPPW b
I$ CPI!R 0B*7 0B� E#�$ XtDMGN7*X
NG$ "I[G" C!PD�$EVXgh5 w)B%Nr0�xw|yX7[OGPPW b
I$ CPI!R 0B*7 0B). E#�$ XtDMGN7*X
NG$ "I[G" C!PD�$EVXgh5 w)B%Nr0�xw|yX7TOGPPW b
I$ CPI!R 0B*7 0B) E#�$ XtDMGN7*X
NG$ "I[G" N!PD�$EVX��t Q1�UwB0EX7 ��tOQ1�W b
I$ CPI!R 0B�7 0B.. E#�$ XtDMGN7*X
NG$ "I[G" N!PD�$EVX��t �||mUwGX7 ��tO�||mW b
I$ CPI!R 0B�7 0B. E#�$ XtDMGN7*X


�



���� ,� *����/"���	� �	�������� ������

NG$ "I[G" N!PD�$EVX��t |t1��tUwGX7 ��tO|t1��tW b
I$ CPI!R 0B�7 0B*. E#�$ XtDMGN7*X
x ��/, ��#�� � +4�1�� *+##D3 � ��!50�##��� � �:!�"�#�$
x � �*#�3 �/$3�
!"#$ j5�B.`*B.k KL$BJI$K  `�`%`* AD$R SGPP#P[IPN7 EVHW

� �:!�"�#�� �/1+!�/- � ��*� 1�+* +,�0#�C 45#1B��

y = ax2 + bx + c

� H+C*�##D� )#+0�#�$ 1�h44�B��#,�� �+ +:�!D � ��!50�##D�
/,+,�/,�0�/1�� �+ +2�, D :D!� /�3 +#�#D � /��,��,/,�5A9�3
�� �2�##D3� � 0+/,#�/,�7 *!$ h,��� :D!+ �D��!#�#+ 1�2+#*+

set fit errorvariables

��/!� 0��� 0+/,- h,�3 ��!�0�# :D!� �D��*�#+ � ��*� *���!#�.
,�!-#D3 #+*��/�C #+ ��!� �)�: +"�#�$�

%B)B� ��	�� ���������	 ���������

�D��!#$$ 1�2+#*5 L$7 �;<=>?@ �� �*�!$�, )#+0�#�$ �+ +2�,.
 ��7 )+*+##D3 � ��B�� lDI7 �B�#��+�, �F�:1� � �� �*�!�#��
h,�3 �+ +2�, �� � * 5�5A ��!�)#5A /,+,�/,�0�/15A �#4� 2+.
B�A� � 0+/,#�/,�7

��tOQ1� % 0�/!� /,���#�C /��:�*Dl
��tO�||m % �)��F�##+$ /522+ 1�+* +,�� �/,+,1��l

��tO|t1��t %
WSSR

NDF
l

��tOz % *�/,��+�2DC 5 ���#- )#+0�2�/,��
�D��* h,�3 �+ +2�, �� �/59�/,�!$�,/$ 1�2+#*�C

NG$ L$ x"#CL"G xX^L"G�IMGoX}JGEI "$yy
xx�#yF G$}PGN "$N}[PDGE}lGP[#NGy
xx�#yGPP#PlIPDI["GNy
xx�#yT#lIPDI�TGlIPDI["GNy
xx�#yGPP#PNTI"D�Cy
xx�#y!PGNTI"Gy
xMIHD$GP ^lI" Go}JGEI "$y


�



� ,�?� @���� ��	���/!	� �������

J�/� �	' &�,�* #+�2�#-F�3 1�+* +,��

x"DMD$ ^G!ND"#�o}JGEI "$y
x"DMD$OI[N ^G!ND"#�OI[Noy
xN$IP$5"IM[JI ^lI" Go}JGEI "$y
x"IM[JI5EIT$#P ^lI" Go}JGEI "$y
xNTPD!$ xX^T#MMI�JoX}JGEI "$yy
xl* } l.y

I�B�$ "#CL"G )+*+�, 2�/,�7 15*+ 1�2+#*+ L$ �D��*�,
/���  �)5!-,+,D� �� 52�!0+#�A �D��* �/59�/,�!$�,/$ � 4+C!
L$B"#C� L/!� �2$^L"G�IMGo )+1+#0��+�,/$ /�2��!+2� y�y �!�
y�y7 ,� h,� /0�,+�,/$ �5,�2 1 *� �1,� ��7 �*� /!�*5�, /�)*+,-
4+C! L$B"#C� �/$ �#4� 2+B�$7 )+��/D�+�2+$ � L$B"#C7 ,+1"�
�D��*�,/$ � �1#�7 �*� :D!+ )+�59�#+ �;<=>?@� I,1!A0�,- �D.
��* #+ h1 +# 2�"#� 1�2+#*�C

NG$ L$ F DG$


�



���� ,� *����/"���	� �	�������� ������

L/!� 51+)+# 1!A0 PGa "$N7 ,� �D��*$,/$ !�F- 1�#�0#D�  �)5!-.
,+,D� �!A0 [PDGE *�:+�!$�, 1 1�#�0#D2  �)5!-,+,+2 1 +,15A
�#4� 2+B�A � 3�*� 5,�0#�#�$ �+ +2�, �� S��  +)2� % �*#+
/, �1+ #+ 1+"*5A �,� +B�AV� �!A0 lGP[#NG �)#+0+�,7 0,� , �.
:5�,/$ �D��/,� ��* �:#5A �#4� 2+B�A �: �,� +B��##�2 � �.
B�//��

� � )+*+##�C ��B�� GPP#PlIPDI["GN �F�:1� � �� �*�!�#��
1+"*��� �) �+ +2�, �� � �/�+��+A,/$ /��B�+!-#D2 �� �2�#.
#D2� (2�#+ h,�3 �� �2�##D3 /�/,�$, �) �2�#� /+2��� �+ +2�,.
 + � /544�1/+ yOGPPy� j,� ��)��!$�, �D��*�,- �#4� 2+B�A �:
�3 )#+0�#�$3 � ��*� #+*��/�C #+ ��!� �)�: +"�#�$ S/2�  �/�
�	V�

�!A0 GPP#PNTI"D�C S�# )+*+�,/$ �� 52�!0+#�AV �)#+0+.
�, 2+/F,+:� ��+#�� �F�:�1' *�!�#�� �3 #+ 1�h44�B��#,
��tO|t1��t� j,� 2+/F,+:� ��+#�� 2�"#� �,2�#�,-7 51+.
)+� 1!A0 �#GPP#PNTI"D�C� e+2�,�27 0,� �/!� ��/+ 5 *+##D3 #�
�/��!-)5A,/$7 ,� �F�:1� 2+/F,+:� 5A,/$ �/��*+�

� � 51+)+##�2 1!A0� !PGNTI"G �+ +2�, D 2+/F,+:� 5A,.
/$ / ��2�9-A /���3 /,+ ,��D3 )#+0�#�C �9� *� � �B�*5 D
Q���#:� �+.&+ 1�+ *+� j,� �0�#- ��2��+�, � /!50+�7 1��*+ )#+.
0�#�$ �+ +2�, �� �0�#- /�!-#�  +)!�0+A,/$ �� �� $*15 �3
��!�0�#� � /!50+�7 1��*+ �/� �+ +2�, D :!�)1� 1 #5!A7 2+/.
F,+:� ��+#�� #� �/��!-)5�,/$�

&+1/�2+!-#�� 1�!�0�/,�� �,� +B�C �� +#�0��+�,/$ �+ +.
2�, �2 MIHD$GP� �1+)+#�� )#+0�#�$ yy �)#+0+�,7 0,� �� +#�0�.
#�$ #�,� �� 52�!0+#�A ,+1"� /0�,+�,/$7 0,� #�, �� +#�0�#�$
#+ 2+1/�2+!-#�� 1�!�0�/,�� �,� +B�C�

�+ +2�, "DMD$ )+*+�, 1 �,� �C �1�#0+#�$ �,� +B��##�.
�� � �B�//+' �,� +B�� )+1+#0��+A,/$7 1��*+ �)��F�##+$ /522+
1�+* +,�� �/,+,1�� S�||mV /,+#���,/$ 2�#-F� )#+0�#�$ h,���
�+ +2�, +� �� 52�!0+#�A �#  +��# G5.� �+ +2�, "DMD$OI[N
#+!+�+�, *���!#�,�!-#�� 5/!���� #+ ,�7 0,�:D /522+ +:/�!A,.
#D3 )#+0�#�C �)2�#�#�C 1�2��#�#, �||m � � � � D�+#��
�,� +B�C :D!+ 2�#-F� 51+)+##��� )#+0�#�$�

�!$ :�!�� ,�#1��� )+*+#�$ �+ +2�, �� +!�� �,2+ Q���#.
:� �+.&+ 1�+ *+ �/��!-)5�,/$ �+ +2�, "IM[JI� L�� #+0+!-.
#�� )#+0�#�� �D0�/!$�,/$ +�,�2+,�0�/1�7 �/��!-)5$ {c5


�



� ,�?� @���� ��	���/!	� �������

�����>87 #� 2�"#� $�#� )+*+,- h,� )#+0�#�� 0� �) �+ +.
2�, N$IP$O"IM[JI� �D: +� 1!A0 JGEI "$7 2�"#� �� #5,-.
/$ 1 +�,�2+,�0�/1�25 �D:� 5 #+0+!-#��� )#+0�#�$� �+ +2�, 
"IM[JIOEIT$#P )+*+�, 1�h44�B��#, �)2�#�#�$ "IM[JI � )+.
��/�2�/,� �, �)2�#�#�$ )#+0�#�$ B�!���C 45#1B��� �� 52�!.
0+#�A h,�, 1�h44�B��#,  +��# ��

I�B�$ NTPD!$ �� �*�!$�, 1�2+#*5 �;<=>?@7 1�,� +$ �D��!.
#$�,/$ � � +�+ �C#�2 )+�� F�#�� 1�2+#*D L$� I#+ #5"#+
*!$ � �*�,� +9�#�$ � h,�2 /!50+� +�,�2+,�0�/1�C �� � �/��1�
� +4�1+ / #��� #D2� �+ +2�, +2��

� � 51+)+#�� ��B�� T#lIPDI�TGlIPDI["GN 1��+ �+B��##+$
2+, �B+ 2�"*5 �1�#0+,�!-#D2� )#+0�#�$2� �+ +2�, �� /�.
3 +#$�,/$ � ��*� )#+0�#�C �� �2�##D3� (2�#+ h,�3 �� �2�.
#D3 /�/,�$, �) �:9��� � �4�1/+ K��tO��dOK7 *+!�� �*�,
�2$ �� ��C �� �2�##�C � 0� �) )#+1 KOK % �2$ �,� �C �� �2�#.
#�C� H+� �2� 7 1��+ �+B�$ *�53 �+ +2�, �� I � [ )+��F�,/$ �
�� �2�##5A / �2�#�2 K��tO��dOIO[K�

� �$,�C �� /�� �;<=>?@ ��2�#$!+/- )+*+�+�2+$ �� 52�!.
0+#�A #+/, �C1+ � � �/,5,/,��� 1!A0+ GPP#P' ,��� - � h,�2
/!50+� +�,�2+,�0�/1� �D:� +�,/$ ��B�$  �D$AGDCR$N� �!$ ��).
� +9�#�$ #+/, ��1 0�,�� ,�C �� /�� /!�*5�, 51+)+,- 1!A0 l*�


	



���� -� A�+���� ����	��

( )�*���� ���+	��

2�( �����$� C>8C

H�"� 2D :5*�2 #+)D�+,- F+:!�#�2 /��/�: �)�: +"�#�$ 1 �.
��C �!� ���� 3#�/,�� ��2+#*+ $GN$ $�!$�,/$ �#/, 52�#,�27
��)��!$A9�2 ��!50�,- �#4� 2+B�A � )#+0�#�$3 �+ +2�, ��7
�/��!-)5�2D3 � � /�)*+#��  +)!�0#D3 F+:!�#��

test {terminal | palette [rgb|rbg|grb|gbr|brg|bgr]} S���V

J�)5!-,+, �/��!#�#�$ 1�2+#*D $GN$ $GPMD�I" � ���*�#
#+ B��,#�C �!!A/, +B�� Z S/� ��PV� � 0+/,#�/,�7 �) #��� 2�"#�
5)#+,- 1+1�� )#+0�#�$ �+ +2�, �� /��,��,/,�5A, ,�2 �!� �#D2
!�#�$2 � ,�01+2�

e+*+#�� ��B�� !I"G$$G ��)��!$�, ��!50�,- �#4� 2+B�A �
��)2�"#D3 �,,�#1+3 B��,�� *!$ *+##��� ,� 2�#+!+� H+ B��,.
#�C �!!A/, +B�� ZU S/� ��PV � ���*�#  �)5!-,+, �D��!#�#�$
1�2+#*D $GN$ !I"G$$G PC[� H+ h,�2  �/5#1� 2�"#� 5��*�,-
B��,��5A /3�25 ST#"#P[#HV � � �2� D � +4�1��7 �)�: +"�##D3
, �2$ �/#��#D2� B��,+2� S1 +/#D27 )�!�#D27 /�#�2V � 0� #D2
B��,�2�

2�, G�0"��' +%� ���& 6�*4�5 H9CD<

*B�B ?�������� ��@�� ������� ��,����

6 +4�1� #+  �/5#1+3 2��5, :D,- �)�: +"�#D 2#�"�/,��2 /��.
/�:��� �D:� F+:!�#+ �/59�/,�!$�,/$ $�#D2 )+*+#��2 ��B��
AD$R � � ���*�2 /�#,+1/�/ h,��� 1!A0+'

AD$R ^N$S"Go x x"D�GN$S"G } "N ^"D�GON$S"Goy
} xx"D�G$S!G } "$ ^"D�GO$S!Goy
x"D�GADJ$R } "A ^"D�GOADJ$Roy
x"D�GT#"#P } "T ^T#"#PN!GToy
x!#D�$$S!G } !$ ^!#D�$O$S!Goy
x!#D�$NDaG } !N ^!#D�$ONDaGoy
xL"" } EN ^L""N$S"Goy x�#RDJJG�%Jy
x�#T#�$# PNyx�#N PEITGyx!I"G$$Gyyy


P



� -��� A�+���� ����	�� 3��1	� B6CD8

*B�B� Z8��>�� �������	���� ���8�����

�!$ � +4�1�� 45#1B�C7 )+*+##D3 +#+!�,�0�/1�2 �D +"�#��27
��*3�*$, *�+ F+:!�#+ "D�GN V"W � "D�GN!#D�$N V"!W� � "D�GN � +.
4�1  �/5�,/$ � ��*� !�#��7 *!$ 1�,� �C 2�"#� )+*+,- B��,
� ,�!9�#57 51+)+� 1!A0� "D�GT#"#P V"TW � "D�GADJR V"AW� �
"D�GN!#D�$N #+ � +4�1� �,2�0+A,/$ �9� ,�01� B��,+ !�#���
O� 25 )#+1��7 1�,� D2� �)�: +"+A,/$ ,�01�7 �3  +)2� � �#.
,� �+! 2�"*5 #�2� 2�"#� )+*+�+,-7 51+)+� 1!A0� !#D�$$S!G
V!$W7 !#D�$NDaG V!NW � !#D�$D�$GPlI" V!DW� �/� )+*+�+�2D� �+.
 +2�, D �2�A, #+:� ��)2�"#D3 0�/!��D3 )#+0�#�C7 )+*+,-
1�,� D� 2�"#� !�:� $�#�7 !�:� 51+)+� ,�� S"D�G$S!G V"$WV �!�
/,�!- S"D�GN$S"G V"NWV !�#�� S/2� �����7 /� �
�V�

6 +4�1� 45#1B�C7 )+*+##D3 +#+!�,�0�/1�2 �D +"�#��27
*��5/,�2� �)�: +"+,-7 �D: +� F+:!�#D !#D�$N �!� J#$N� �
h,�2 /!50+� � +4�1� �)�: +"+A,/$ #+:� �2 ,�0�17  +//,�$#�$
2�"*5 1�,� D2� �� �/� +:/B�// ��)5+!-#� 2+!D�

� ���*�2 � �2� �/��!-)��+#�$ 1�2+#* NG$ N$S"G "D�G �
!"#$ / ��B��C AD$R� �!$ h,��� #+ �/5�27 �/��!-)5$  +)!�0#D�
F+:!�#D7 !�#�C#D� 45#1B��� �5/,- 1�2+#*#DC 4+C! /�*� "�,
/!�*5A9�� 1�2+#*D'

������ *B

NG$ YGS N!ITD�C �B x e+*+,- 2�"/, �0#DC �#,� �+! � !���#*��
NG$ N$S"G "D�G  "T X[P#A�X "A � !$ � !N  !D %0
NG$ N$S"G "D�G � "T � "A % !$ % !N . !D �0
NG$ N$S"G "D�G % "T % "A  !$ 
 !N % !D 0
NG$ N$S"G "D�G * "T 0 "A * !$  !N � !D .
!"#$ j5`k j0`�k b
5Hg.B AD$R "D�GN "$  $D$"G X"D�GNX7b
5Hg*B AD$R !#D�$N "N  $D$"G X!#D�$NX7b
5Hg%B AD$R "D�GN!#D�$N "N � $D$"G X"D�GN!#D�$NX7b
5Hg�B AD$R "D�GN!#D�$N "N % $D$"G X"D�GN!#D�$NX7b
5HgB AD$R J#$N "N * $D$"G XJ#$NX

J�)5!-,+,�2  +:�,D h,�3 1�2+#* $�!$�,/$ � +4�0�/1��
�)�: +"�#��7 � �*/,+�!�##�� #+ B��,#�C �!!A/, +B�� ZUU


�



���� -� A�+���� ����	��

S/� ���V� � +,1� � �1�22�#,� 5�2 /��C/,�+ !�#�C � +4�1��7
�)�: +"�##D3 #+  �/5#1�7 �� �:� +$ �3 /�� 35 �#�)�

� � ��/, ��#�� /+2��� �� 3#��� � +4�1+ :D! �/��!-)��+#
F+:!�# "D�GN7 ,�� !�#�� �7 �/,+!-#D� �+ +2�, D )+*+#D ��
52�!0+#�A� � �/,+!-#D3 � +4�1�� �/��!-)5A,/$ /��B�+!-#�
)+*+##D� /,�!�� � �,� ��� � +4�1+ )+*+# /,�!- / �#*�1/�2
�7 + /+2 � +4�1  �/5�,/$ �� F+:!�#5 !#D�$N� _+:!�# #5"#�
)+*+�+,- $�#�7 ,�1� 1!A0 "N �� �*�!$�, !�F- /��C/,�+ !�#���
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� N!"#$ #�, #��:3�*�2�/,� 51+)D�+,- 1!A0 AD$R�

��/2�, �,- 1+1�2 F+:!�#�2 �� 52�!0+#�A �)�: +"+A,/$
*+##D� 2�"#� / ��2�9-A 1�2+#*

show style function
show style data

2�1 I��"� ��*�"#/!��'� !/"�& 68JKLM>8<

�)!�2 :5*�2 #+)D�+,- ,�0157 *!$ 1�� *�#+, 1�,� �C ,�0#� �D.
��!#$�,/$ )+*+##+$ 45#1B��#+!-#+$ /�$)-� 6 +4�1� �� 52�!.
0+#�A /, �$,/$ / �/��!-)��+#��2 � 5)!�� �� 1+"*�C �� �.
2�##�C� M�/!� 5)!�� 2�"�, :D,- � 2�#-F�7 �/!�7 #+� �2� 7
4+C! / *�/1 �,#D2� *+##D2� /�*� "�, 2�#-F�� 0�/!� /, �1�
I, 0�/!+ 5)!�� )+��/�, � �2$ ��/, ��#�$ � +4�0�/1��� �)�:.
 +"�#�$' 0�2 :�!-F� 0�/!� 5)!��7 ,�2 *�!-F� :5*�, /, ��,-/$
� +4�1� ��!-F�� 0�/!� 5)!�� �:�/��0��+�, :�!-F�� /���+*�#��
��/, ��##��� �)�: +"�#�$ � +4�1+ / ��� ,�0#�C 4� 2�C�

M�/!� 5)!�� 2�"#� )+*+,- $�#� 1�2+#*�C

set samples < samples|1 > {, < samples|2 >}

�!$ �*#�2� #D3 � +4�1�� �/��!-)5�,/$ 1�2+#*+ / �*#�2 + �5.
2�#,�27 � *�52� #�2 /!50+� )+*+A, !�:� *�+ + �52�#,+7 )+*+A.
9�� 1�!�0�/,�� 5)!�� �� 1+"*�C �) #�)+��/�2D3 �� �2�##D37
!�:� �*�#� k��*+ �� 1+"*�C �� �2�##�C :� �,/$ �*�#+1���� 0�/.
!� 5)!��7  +�#�� )#+0�#�A + �52�#,+�

�!$ �!!A/, +B�� /1+)+##��� � ���*�2 � +4�1 45#1B��
ND�VHW S/2�  �/� ��V7 � � ��/, ��#�� 1�,� ��� :D!� �/��!-.
)��+#� �/��� � ,�0�1�

������ *B&

NG$ H$DTN E#�$ K$DMGN7
K
NG$ S$DTN E#�$ K$DMGN7
K
NG$ NIM!"GN 0
NG$ YGS $D$"G E#�$ K$DMGN7�)

�	



���� -� A�+���� ����	��

J�/� ��' � +4�1 /�#5/+7 ��/, ��##DC �� � 5)!+2

J�/� ��' � +4�1� tg(x) / 0�/!�2 5)!�� g�� 52�!0+#�Ag � �

�P
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NG$ YGS PDCR$ [#$$#M
!"#$ ND�VHW

e+2�,�27 0,� !���#*+ � +4�1+ :D!+ ��2�9�#+ � #�"#�C
� +�DC 5��! �)�: +"�#�$� ��/1�!-15 �/� �/,+!-#D� �+ +2�,.
 D :D!� )+*+#D �� 52�!0+#�A7 ,� #+ h,�2  �/5#1� ��*#�7 1+1
/1+)D�+�,/$ �,#�/�,�!-#� #�:�!-F�� 1�!�0�/,��� 5)!�� #+ ,�0.
#�/,� �� �*+0� �/�:�##�/,�C ����*�#�$ �)�: +"+�2�C 45#1B�.
�� S/ +�#�,- /  �/� 
V�

e+2�,�27 0,� 0�/!� )+*+##D3 5)!�� ��#� � 5�,/$ � � �/.
��!-)��+#�� ��B�� NM##$R � 1�2+#*� !"#$�

�D��/,� #+ h1 +# )+*+##�� 0�/!� 5)!�� 2�"#� 1�2+#*�C

show samples

�!$ �!!A/, +B�� ,���7 1 0�25 2�"�, � ���/,� ��#� � �.
�+#�� )+*+#�$ 0�/!+ 5)!��7 � ���*�2 *�+ � +4�1+ 45#1B��
y = tg(x) #+  �/5#1� ��� () !����� � +4�1+ ��*#�7 0,� #�*�.
/,+,�0#�� 0�/!� 5)!�� 2�"�, � ���/,� 1 /59�/,��##�25 �/1+.
"�#�A ��!50�##��� �)�: +"�#�$ �� / +�#�#�A / � +��!-#D2�

2�2 �*���0 ����%*�"54�� 6�*4�5 8KNNCD<

� �;<=>?@  �+!�)��+#� #�/1�!-1� 2�,�*�� �#,� ��!$B�� � /�!+.
"��+#�$ �: +:+,D�+�2D3 *�/1 �,#D3 *+##D3� (3 � �2�#�#��
�:�/��0��+�,/$ )+*+#��2 ��B��

NM##$R x �DF G } EPGF G�TS } T M "I$DlG }
T�#PMI" } YJG�ND$S }  �API! } TN!"D�GN }
ITN!"D�GN } MTN!"D�GN } [GaDGP } N[GaDGP y

H�"� :5*�2 #+)D�+,- #�)+��/�25A �� �2�##5A v7 + )+��.
/�25A 8 r� � �B�// ��/, ��#�$ � +4�1+ #+0�#+�,/$ / 5�� $*�.
0��+#�$ �/�3 �2�A9�3/$ ,�0�1 �� )#+0�#�A #�)+��/�2�C �� �.
2�##�C� �+!-#�CF�� *�C/,��$ )+��/$, �, �D: +##�C ��B���

]�DF G� � � #+!�0�� #�/1�!-1�3 ,�0�1 / �*�#+1���C 1�.
� *�#+,�C v' (x, y1)7 � � � (x, yk)7 �#� )+2�#$A,/$ �*#�C ,�01�C /
1�� *�#+,+2� (x, y)7 �*� y = (y1+. . .+yk)/k� ��/!� 0��� �/� ��!5.
0�##D� ,�01� #+#�/$,/$ #+ 1�� *�#+,#5A �!�/1�/,- � /�/�*#��
/��*�#$A,/$ �, �)1+2��

��



���� -� A�+���� ����	��

�PGF G�TS� � � #+!�0�� #�/1�!-1�3 ,�0�1 / �*�#+1���C 1�.
� *�#+,�C v' (x, y1)7 � � � (x, yk)7 �#� )+2�#$A,/$ �*#�C ,�01�C /
1�� *�#+,+2� (x, y)7 �*� y = y1 + . . . + yk� ��/!� 0��� �/� ��!5.
0�##D� ,�01� #+#�/$,/$ #+ 1�� *�#+,#5A �!�/1�/,- � /�/�*#��
/��*�#$A,/$ �, �)1+2��

� M "I$DlG� �!$ 1+"*��� )#+0�#�$ v �� �*�!$�,/$ �*#+
,�01+� I *�#+,+ h,�C ,�01� ��!+�+�,/$  +�#�C /522� )#+0�.
#�C � *�#+, �/�3 ,�0�1 �) 4+C!+ / *+##D2� / +:B�//�C7 #�
� ��DF+A9�C v� ��/!� 0��� �/� ��!50�##D� ,�01� #+#�/$,/$
#+ 1�� *�#+,#5A �!�/1�/,- � /�/�*#�� /��*�#$A,/$ �, �)1+2��
j,+ ��B�$ 2�"�, :D,- �/��!-)��+#+ *!$ ��/, ��#�$ 1�25!$.
,��#���  +/� �*�!�#�$7 �� �*�!$�2��� �� )+*+##D2 *+##D2�

��#PMI"� �!$ 1+"*��� )#+0�#�$ v �� �*�!$�,/$ �*#+ ,�01+�
I *�#+,+ h,�C ,�01� ��!+�+�,/$  +�#�C /522� )#+0�#�C � *�.
#+, �/�3 ,�0�1 �) 4+C!+ / *+##D2� / +:B�//�C7 #� � ��DF+A9�C
v7 *�!�##�C #+ /5225 � *�#+, �/�3 *+##D3� ��/!� 0��� �/� ��!5.
0�##D� ,�01� #+#�/$,/$ #+ 1�� *�#+,#5A �!�/1�/,- � /�/�*#��
/��*�#$A,/$ �, �)1+2�� j,+ ��B�$ 2�"�, :D,- �/��!-)��+#+
*!$ ��/, ��#�$ #� 2+!�)��+##��� 1�25!$,��#���  +/� �*�!�.
#�$7 �� �*�!$�2��� �� )+*+##D2 *+##D2�

�JG�ND$S� � � � �2�#�#�� h,�C ��B�� *+##D�7 ��*!�"+9��
�: +:�,1�7 /0�,+A,/$ )#+0�#�$2� /!50+C#�C ��!�0�#D7 *!$ 1�.
,� �C /, ��,/$ �B�#1+ $*� #�C �!�,#�/,� � ��*� �!+*1�C ��/,�.
� +22D S�uw;s> tu;��@r u�@��s@u % fWXV7 �/��!-)5A9+$ 6+5//�.
�� $* ��

]�API!� �3�*#D� *+##D� 2�*�4�B� 5A,/$ ,+1�2 �: +)�27
0,�:D 5 !A:D3 *�53 /�/�*#�3 ,�0�1 )#+0�#�$ 1�� *�#+,D r #�
�,!�0+!�/- :�!-F�7 0�2 #+ π� L/!� *!$ �0� �*#�C ,�01� h,�
5/!���� #� �D��!#$�,/$7 ,� �� 1�� *�#+,+ �� r 52�#-F+�,/$
�!� 5��!�0��+�,/$ #+ 2π7 ��1+ 5/!���� #� :5*�, �D��!#�#�� j,+
��B�$ �/��!-)5�,/$ *!$ 4+)��D3 � /��1, +!-#D3 �)2� �#�C�

�N!"D�GN� � �,!�0�� �, ��B�� <;��<u ��!50+�2D� ,�01� � +.
4�1+ /��*�#$A,/$ / ��2�9-A #+,5 +!-#��� 15:�0�/1��� /�!+C.
#+�

�TN!"D�GN� �+##+$ ��B�$ /, ��, #+,5 +!-#DC 15:�0�/1�C
g�!+*1�Cg /�!+C#� ��/!� 5�� $*�0��+#�$ ,�0�17 ��!50�##D3 �)
4+C!+ / *+##D2�7 1 ��+$ /�/,+�!$�,/$ �) 15/1�� 15:�0�/1�3

�
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�+ +:�!7 1�h44�B��#,D 1�,� D3 �95,/$ / 50�,�2 ��/+7 � �/��.
�##��� 1+"*�C ,�01�� ��/ 2�"�, :D,- )+*+# � , �,-�2 /,�!:B�
4+C!+ / *+##D2�7 !�:� � ��*� +#+!�,�0�/1�C 4� 25!D� H+� �.
2� 7

!"#$ KJI$IBL"GK  ND�C `�`VB0W NM##$R ITN!"D�GN

�:/�!A,#+$ ��!�0�#+ ��/+ $�!$�,/$ 1 �,� ��2 �/��!-)�.
�+#�$ 1+"*��� �,*�!-#��� /��2�#,+ � �,�����C 1 ���C� L/!�
��!�0�#+ ��/+ ,�0�1 #+  +//2+, ��+�2�2 /��2�#,� ��!�1+7 ,�
�,����+$ 1 ��+$ #+ #�2 :5*�, $�!$,-/$ #+,5 +!-#D2 15:�0�.
/1�2 /�!+C#�2� L/!� "� ��/+ ,�0�1 /��2�#,�� 2+!�#-1��7 ,�
1 ��+$ /�/,+�!$�,/$ �) 2�#-F��� 0�/!+ /��2�#,�� �) 5/!���$
5��!�0�#�$ �!+*1�/,�� � �*�!-#D2 /!50+�2 $�!$�,/$ ��/, �.
�#�� 2�,�*�2 #+�2�#-F�3 1�+* +,�� 15:�0�/1�C �+ +:�!D #+
�/�2 �, �)1�� E�!+"��+A9�C ��/ 2�"�, :D,- �D +"�# � ,� 2�.
#+3 �F�:�1' /,+,�/,�0�/1�C ��/ ,�01�7 *�!�##DC #+ /�!+"��+A.
9�C 1�h44�B��#, *!$ 1 ���C� ��h,�25 ��!�0�#D /,+#*+ ,#D3
�F�:�1 )#+0�#�C7 )+*+##D3 � 4+C!� / *+##D2�7 2��5, :D,-
�/��!-)��+#D 1+1 /�!+"��+A9�� ��/+� H+� �2� 7

sw(x,S) = 1/(x ∗ x ∗ S)
plot ′data.file′ using 1 : 2 : (sw($3,100)) smooth acsplines

{TN!"D�GN� cN�=>�;u� % h,� 15:�0�/1�� /�!+C#D7 1�,� D� 3�.
 �F� �� �*+A, /��C/,�+ 2�#�,�##�/,� � �D�51!�/,� 2#�"�/,�+
,�0�1 �#,� ��!$B�� z��{�

�GaDGP � |[GaDGP� j,� ��B�� ��)��!$A, /��*�#$,- ��!50+.
�2D� ,�01� � +4�1+ / ��2�9-A /�!+C#�� ��)-��

��
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3�( 
��*�/��' �/������5 *�%�����'�

I�B�$ PI�CGN /,��, �� ��C � /��/1� 1�2+#*D !"#$� L� /�#,+1/�/
*��5/1+�, *�� 4� 2D

[{< dummy − var >=}{{min} : {max}}]
[{{min} : {max}}]

�� �+$ 4� 2+ )+*+�, �2$ � *�+�+)�# �)2�#�#�$ #�)+��/�2�C
�� �2�##�C �!� �+ +2�, + � /!50+� �+ +2�, �0�/1��� )+*+#�$
45#1B��l �,� +$ % *�+�+)�# �)2�#�#�$ )+��/�2�C �� �2�##�C�

�� 52�!0+#�A #�)+��/�2+$ �� �2�##+$ #+)D�+�,/$ v7 + )+.
��/�2+$ �2��, �2$ !�:� 45#1B��7 !�:� 4� 25!D7 )+*+A9�C
�)�: +"+�25A )+��/�2�/,-7 !�:� �2$ 4+C!+ / �/��!-)��+##D.
2� *!$ ��/, ��#�$ *+##D2�� ��+�+)�#D �3 �)2�#�#�$ � /!50+�
+#+!�,�0�/1��� )+*+#�$ 45#1B�� �;<=>?@ �D:� +�, �� 52�!0+.
#�A /+27 + *!$ *�/1 �,#D3 *+##D3 �/��!-)5�, ��/- *�+�+)�#
/0�,D�+�2D3 )#+0�#�C�

(2$ #�)+��/�2�C �� �2�##�C 2�"#� )+*+,- �� /���25 "�!+.
#�A� H+� �2� 7 � 1�2+#*�

plot [t = −pi : pi] [−1.3 : 1.3] sin(t), t ∗ ∗2
#�)+��/�2+$ �� �2�##+$ #+)D�+�,/$ @7 *�+�+)�# �� �)2�#�#�$
[−π; π]7 + �/- � *�#+, /�*� "�, )#+0�#�$ [−1.3; 1.3]�

��+�+)�# �)2�#�#�$ �� �2�##�C �� �/� \ 2�"#� $�#� �)2�.
#$,- / ��2�9-A 1�2+#*D

set xrange [{{min} : {max}}]{{no}reverse}
{{no}writeback}{{no}extend}|restore} S	��V

��2+#*D SPI�CG7 aPI�CG7 H�PI�CG7 S�PI�CG7 T[PI�CG7
PPI�CG7 $PI�CG7  PI�CG � lPI�CG �/��!-)5A,/$ *!$ )+*+#�$
*�+�+)�#�� �� /��,��,/,�5A9�2 �/$2�

�+ +2�, D xMD�y � xMIHy #��:$)+,�!-#D�� I#� �� �*�!$.
A, #�"#AA � �� 3#AA � +#�BD *�+�+)�#+� � 1+0�/,�� )#+0�#�C
*!$ #�3 2�"�, �D/,5�+,- 0�/!�7 �� �2�##+$ �!� "� /�2��! ��

��



� .��� �	���"��� 	"�����	� ����������

� h,�2 /!50+� /��,��,/,�5A9+$ � +#�B+ :5*�, �D0�/!$,-/$ +�.
,�2+,�0�/1�� QA:�� �) )#+0�#�C xMD�y � xMIHy 2�"�, :D,-
��59�#�� k��*+ �/��!-)5�,/$ )#+0�#��7 1�,� �� :D!� 5/,+#��.
!�#�  +#��7 + �/!� h,��� /*�!+#� #� :D!�7 ,� :� �,/$ )#+0�#��7
)+*+�+�2�� +�,�2+/F,+:� ��+#��2�

�� 52�!0+#�A  �"�2 +�,�2+/F,+:� ��+#�$ 5/,+#��!�# *!$
�/�3 �/�C� I,2�#�,- ��� 2�"#� 1�2+#*�C

 �NG$ I $#NTI"G x^IHGNoy

�1!A0+�,/$ h,�,  �"�2 1�2+#*�C

NG$ I $#NTI"G x^IHGNox}MD�}MIH}LHMD�}LHMIH}LHy LH }
YGG!LH y

I�B�$ �svu�� 2�"�, � �#�2+,- )#+0�#�$ H7 S7 a7 T[7 H�7 S�
�!� HS�

� � )+*+#�� ��B�C xMD�y � xMIHy *�+�+)�#D �/�C *�!"#D
�1!A0+,- :!�"+CF�� *�!�#�$ �/� ,+1��7 0,� �#,� �+! 2�"*5
h,�2� *�!�#�$2� �1!A0+�, �/� 1�� *�#+,D �)�: +"+�2D3 ,�.
0�1 � +4�1+� ��:+�!�#�� ��B�C LHMD�7 LHMIH7 LH � �#GH$G�J
#+!+�+�, )+� �, #+ �D3�* � +#�BD *�+�+)�#+ )+ � �*�!D �/.
��!-)5�2D3 )#+0�#�C�

�������B
�� NG$ I $#NTI"G S x �1!A0�,-  �"�2 +�,�2+/F,+:� ��+#�$ ��
�/� p�
�� NG$ I $#NTI"G SMD� x �1!A0�,-  �"�2 +�,�2+/F,+:� ��+.
#�$ �� �/� p *!$ �D:� + #�"#�C � +#�BD *�+�+)�#+� �� 3#$$
� +#�B+ *�+�+)�#+ �/� \ � � +#�BD *�+�+)�#�� �/,+!-#D3 �/�C
�)2�#�#D #� :5*5,�
�� NG$ I $#NTI"G SLHMIH x �1!A0�,-  �"�2 +�,�2+/F,+:� �.
�+#�$ �� �/� p *!$ �D:� + �� 3#�C � +#�BD *�+�+)�#+ /, ���
*� 2+1/�2+!-#��� )#+0�#�$ 1�� *�#+,D yry / �*� �/��!-)5A.
9�3/$ ,�0�1 � +4�1+�

I�B�$ PGlGPNG 2�#$�, #+� +�!�#�� 5 �/�C7 *!$ 1�,� D3
�1!A0�#  �"�2 +�,�2+/F,+:� ��+#�$� � � �D1!A0�##�2  �.
"�2� +�,�2+/F,+:� ��+#�$ h,+ ��B�$ ��#� � 5�,/$�

���



���� .� 0�	 �����	��� 	 	� ��������	�

J�"�2 +�,�2+/F,+:� ��+#�$ �1!A0+�,/$ � /!50+� )+*+#�$
� +#�BD *�+�+)�#+ /�2��!�2 y�y� &�"#� �� +#�0�,- �D:� +�.
2�� )#+0�#�� � +#�BD7 )+*+� 5/!����

x^"[o ^ y r x^ ^ [oy

� h,�2 /!50+� �� �*�!$�2+$ � +#�B+ :5*�, )+*+#+ �) �, �)1+
z>�7 <�{� L�� 1�#BD ,�"� 2��5, /!5"�,- )#+0�#�$2� � +#�BD
#�/2�, $ #+ /, ���� #� +��#/,�+ � 5/!����� j,+ ��B�$ 2�"�,
:D,- ��!�)#+ *!$ �,/�0�#�$ )+��*�2� #��� #D3 *+##D37 ��!5.
0�##D37 #+� �2� 7 �  �)5!-,+,� �F�:�1 � � �)2� �#�$3�

�������B
�� NG$ HPI�CG j50`0k x �/,+#���,- *�+�+)�# �� �2�##�C ��
�/� \ � ��*� �, �)1+ z.�l �{�
�� NG$ HPI�CG j0`50k x �/,+#���,- *�+�+)�# �� �2�##�C ��
�/� \ � ��*� �, �)1+ z.�l �{7 )+*+� �: +,#�� #+� +�!�#�� �/��
�� NG$ HPI�CG j`�0k x ��2�#$,- �� 3#AA � +#�B5 *�+�+)�#+
�� �2�##�C �� �/� \ #+ ��
�� NG$ HPI�CG j0^r`k x e+*+,- +�,�2+,�0�/1�� �� �*�!�#��
#�"#�C � +#�BD *�+�+)�#+ �� �2�##�C �� �/� \7 �� +#�0��
�D:� #��, �B+,�!-#D2� )#+0�#�$2��
	� NG$ HPI�CG jr^0`.0^rk x �/,+#���,- *�+�+)�# �� �2�##�C
�� �/� \ � ��*� �, �)1+7 /�*� "+9��� �, �)�1 z�l 	{�
P� NG$ HPI�CG j5�0^r^0`k x �/,+#���,- *�+�+)�# �� �2�##�C
�� �/� \ / #�"#�C � +#�B�C �, .� *� ��

I�B�$ APD$G[ITY /�3 +#$�, � �+2$,� 1�2�-A,� + #+C*�#.
#DC *�+�+)�# )#+0�#�C � � +�,�2+/F,+:� ��+#��� I#+ 2�"�,
:D,- ��!�)#+7 �/!� , �:5�,/$ �)�: +)�,- � +4�1� #�/1�!-1�3
45#1B�C7 �/��!-)��+� � � h,�2 *�+�+)�# �*#�C �) #�3� I�B�$
PGN$#PG ��)��!$�, �/��!-)��+,- /�3 +#�##DC *�+�+)�#�

������B
NG$ HPI�CG j50`0k
NG$ SPI�CG jk APD$G[ITY
!"#$ ND�VHW
NG$ SPI�CG PGN$#PG
PG!"#$ Hh�
�  �)5!-,+,� *�+�+)�# �� �/� p ��/!� �)�: +"�#�$ � +4�1+

���
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ND�VHW :5*�, �� �*�!�# � ��*� �, �)1+ z.�7 �{ � /�3 +#�# � �+.
2$,� 1�2�-A,� +� �� �* �)�: +"�#��2 � +4�1+ Hh� h,�, *�+.
�+)�# :5*�, /0�,+# �) �+2$,� � �/��!-)��+# � � �D��!#�#��
1�2+#*D PG!"#$� �  �)5!-,+,� #+ �,� �2 � +4�1� :5*5, �)�: +.
"�#D !�F- ,�01�7 5 1�,� D3 �,� +$ 1�� *�#+,+ �� 2�*5!A #�
� ���/3�*�, �*�#�B5�

e+*+#�� *�+�+)�#�� �)2�#�#�$ �� �2�##D3 � 1�2+#*+3 !"#$
� N!"#$ *�C/,��,�!-#� ,�!-1� *!$ � +4�1��7  �/5�2D3 �� h,�C
1�2+#*�� �!$ �)2�#�#�$ )#+0�#�C7 �D:� +�2D3 �� 52�!0+#�A7
#5"#� �/��!-)��+,- 1�2+#*D ,��+ S	��V� ��+�+)�#D *!$ �/�C
v� � r� S/2� 	��7 /� ���V 2��5, :D,- )+*+#D ,�!-1� 1�2+#*+2�

set x2range [{min} : {max}]
set y2range [{min} : {max}]

3�, ���*�"�-���� ���� 6�*4�5 J?>8<

� 1�2+#*D !"#$ �/,- ��B�$ IHGN� E �� ��2�9-A 2�"#� )+*+�+,-
 +/��!�"�#�� �/�C #+  �/5#1�� ��)2�"#D 0�,D � )#+0�#�$ ��.
B��'

HS% )+*+�, /,+#*+ ,#��  +/��!�"�#�� �/�C S�/- +:/B�// �#�.
)57 � *�#+, /!��+Vl
H�S� % �/- +:/B�// /�� 357 �/- � *�#+, /� +�+l
HS� % �/- +:/B�// /#�)57 �/- � *�#+, /� +�+l
H�S % �/- +:/B�// /�� 357 �/- � *�#+, /!��+�

� � h,�2 �/�  +�#�  �/5A,/$ �/� 0�,D � �/�7 �� +#�0��+A9��
�)�: +"�#�� / 0�,D �3 /,� �#� ��!-F�� *�!�#�$ S/2� 	�	7 /� ���V
#+#�/$,/$ #+ �/� 0�,D � �/�7 + 2+!D� S/2� 	�P7 /� ��V � �/� ��*.
��/� 51+)D�+A,/$ !�F- #+ )+*+##D3 ��B��C �/$3�

�!$ 5*+!�#�$ �/�C 1�� *�#+, �/��!-)5�,/$ ��B�$ S/2� �����7
/� ��PV

NG$ [#PJGP �

�+"*�C �/� � �/�+��+�,/$ B�!�� )#+0�#��' #�"#�C % �7 !�.
��C % �7 �� 3#�C % � � � +��C % 
� e#+0�#�� � % h,� /522+
)#+0�#�C �)�: +"+�2D3 �/�C� H+� �2� 7 � � ;�� ��1+)D�+�,/$

���
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,�!-1� �/- Y�7 � � ;�� % �/� Y� � \�7 �/� �/� �D��*$,/$ � �
;���� ��2+#*+ NG$ [#PJGP �,��0+�, ,�!-1� )+ !�#�� � +#�B7
,+1 0,� *�!�#�$ �/,+A,/$ *+"� � � ;�� ��h,�257 0,�:D /,�.
 �,- /!�*D �, �/�C7 #��:3�*�2� �/��!-)��+,- 1�2+#*5 S/2� 	�	7
/� ���V

NG$ �#xH}Sy$DTN

� /!50+�7 1��*+ *5:!� D *�!�#�C #+ �/$3 #� #5"#D7 2�"#�
�/��!-)��+,- 1�2+#*5

NG$ xH}Sy$DTN �#MDPP#P

� �;<=>?@ �/,- 1�2+#*+7 1�,� +$ ��)��!$�, #+ �/��+,- !A.
:5A �/- :�!�� , +*�B��##�7 + �2�##� � �3�*$9�C 0� �) #+0+!�
1�� *�#+,� E�#,+1/�/ h,�C 1�2+#*D /!�*5A9�C'

NG$ x H}H�}S}S�}a y aGP#IHDN x x"D�GN$S"G } "N ^"D�GON$S"Go y
} x "D�G$S!G } "$ ^"D�GO$S!Go y
} x "D�GADJR } "$ ^"D�GOADJRo y y

E2D/! �/�3 ��B�C h,�C 1�2+#*D ,+1�C "�7 1+1 � �  +)*�!�
������

�!$ 5*+!�#�$ /��,��,/,�5A9�3 �/�C � � �/2�, + )+*+##D3
 +#�� ��B�C � �*5/2�, �#D *�� 1�2+#*D

unset {x|x2|y|y2|z} zeroaxis
show {x|y|z} zeroaxis

e#+0�#�� ��B�� IHGN 2�"�, :D,- )+*+#� *!$ 1+"*�C 45#1.
B��7 #� ��B�$ PI�CGN � 1�2+#*� !"#$ )+*+�, � �*�!D �)2�#�#�$
�� �2�##D3 ,�!-1� *!$ �� �D3 �/�C�

�� 52�!0+#�A )#+0�#�� ��B�� IHGN )+*+�,/$ HS�

3�1 ��/&���5 ���� 6�*4�5 ?MJO>M<

��*��/- 1 �/� +:/B�// 2�"#� )+*+,- / ��2�9-A 1�2+#*D

NG$ H"I[G" xX^"I[G"oXy
x#eNG$ ^#eNG$oy xE#�$ X^E#�$ox7^NDaGoyXy
x$GH$T#"#P ^T#"#PN!GToy xx�#yG�RI�TGJy
xP#$I$G [S ^JGCPGGNo } P#$I$G !IPI""G" } �#P#$I$Gy

���
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� �#,� +1,��#�2  �"�2� 2�"�, :D,- ��!�)#+ 1�2+#*+7 �D.
��*$9+$ �+ +2�, D )+*+##�C ��*��/�

NR#A H"I[G"

� 1�2+#*D NG$ / 1!A0+2� H�"I[G"7 S"I[G"7 S�"I[G"7 a"I[G"
� T["I[G" /�#,+1/�/ +#+!���0#DC�

�+ +2�, ^#eNG$o �� �*�!$�, /2�9�#�� ��*��/�� L�� )#+.
0�#�� )+*+�,/$ � )+��/�2�/,� �,  +)2� #�/,� � +4�1+ *�52$
�!� , �2$ 1�� *�#+,+2�� ��� *�#+,#+$ /�/,�2+ 2�"�, :D,-
LPN$7 NGT#�J7 CPI!R7 NTPGG� �!� TRIPIT$GP S/2� ���7 /� ���V�
�� 52�!0+#�A �/��!-)5�,/$ TRIPIT$GP� H+� �2� 7 1�2+#*+

NG$ H"I[G" #eNG$ 57 0

)+*+/, /2�9�#�� ��*��/� ,�!-1� �� �/� v �!��� #+ F� �#5 �*#�.
�� /�2��!+� _� �#+ /�2��!+ )+��/�, �, �/��!-)5�2��� F �4,+
� ,� 2�#+!+�

I�B�$ E#�$ �� �*�!$�, ,�� F �4,+ � ���  +)2� 7 1�,� D2�
:5*�, �D��!#�#+ ��*��/- S/2� �����7 /� �
�V�

�!A0 �#G�RI�TGJ #� 2�#$�, �)�: +"�#�� ��*��/� �/� *+"�
� � �1!A0�##�2 G�RI�TGJ $GH$ M#JG�

�: +,- ��*��/- �/� 2�"#�7 �D��!#�� 1�2+#*5 NG$ H"I[G"
:�) 51+)+#�$ ��B�C�

�� 52�!0+#�A )+*+#D /!�*5A9�� )#+0�#�$ �+ +2�, ��'

H"I[G" 8 ��*��/- �/� v #+3�*�,/$ /#�)5 � B�#, � ��+#+l
S"I[G" 8 ��*��/- �/� r #+3�*�,/$ /!��+ � B�#, � ��+#+7 3+ +1.
,� � ��#,+B�� #+*��/� S�� ,�1+!-#+$ �!� �� �)�#,+!-#+$ V
)+��/�, �, ,��+ ,� 2�#+!+l
a"I[G" 8 ��*��/- �/� ~ B�#, � ��+#+ �,#�/�,�!-#� �/� ~ �  +/.
��!�"�#+ /�� 35l
T["I[G" 8 #+)�+#�� �/� B��,���C /3�2D B�#, � 5�,/$ �,#�/�.
,�!-#� #+� +�!�#�$ �/� �  +/��!+�+�,/$ !�:� /#�)57 �/!� �/-
�� �)�#,+!-#+$7 !�:� /� +�+7 �/!� �/- �� ,�1+!-#+$l
S�"I[G" 8 ��*��/- g� +��Cg �/� r #+3�*�,/$ /� +�+7 B�#, � �.
�+#+7 � ��#,+B�$ )+��/�, �, ,��+ ,� 2�#+!+l
H�"I[G" 8 ��*��/- g�� 3#�Cg �/� v #+3�*�,/$ �� B�#, 5 /�� 357
#� #�"� !���#*D�

��	
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I ��#,+B�$ ��*��/�C �/�C H7 S7 H� � S� � /!50+� *�52� #D3
� +4�1�� )+*+�,/$ �+ +2�, �2 P#$I$G [S ^JGCPGGNo� I ��#.
,+B�$ ��*��/�C �/�C H � S � /!50+� , �32� #D3 � +4�1�� ��
52�!0+#�A �� �)�#,+!-#+$7 #� � � "�!+#�� �� 2�"#� )+*+,-
�+ +!!�!-#� �/$27 )+*+� /��B�+!-#DC 1!A0 P#$I$G !IPI""G"�

3�2 ��+�%� �������� ���F��0 6MN;8PJM><

�� 52�!0+#�A �;<=>?@ )+*+�, !�#�C#DC 2+/F,+: �� 1+"*�C
�) �/�C 1�� *�#+,� � � #��:3�*�2�/,� ��� 2�"#� �)2�#�,- #+
!��+ �42�0�/1�C� �!$ h,��� �/��!-)5�,/$ 1�2+#*+

NG$ "#CNTI"G ^IHGNo x^[INGoy

�+ +2�, ^IHGNo 2�"�, :D,- 1�2:�#+B��C 1!A0�C H7 H�7
S7 S�7 a7 T[ � P � !A:�2 �� $*1�� �+ +2�, ^[INGo )+*+�, �/.
#��+#�� !��+ �42�0�/1�C F1+!D� �� 52�!0+#�A �#�  +�#� ��
Q��+ �42�0�/1�C 2+/F,+: ��/!� 1�2+#*D NG$ "#CNTI"G � �2�.
#$�,/$ #+ �/�3 �/$3 1 �2� P7 �/!� �+ +2�, ^IHGNo ��59�#�

H+� �2� 7 1�2+#*+

NG$ "#CNTI"G Ha �

5/,+#+�!��+�, !��+ �42�0�/1�C 2+/F,+: �� �/$2 Y � � / �/#�.
�+#��2 ��

I,2�#+ !��+ �42�0�/1��� 2+/F,+:+ �/59�/,�!$�,/$ 1�2+#.
*�C

 �NG$ "#CNTI"G ^IHGNo

� /!50+� !�#�C#��� 2+/F,+:+ �/� ��!�0�#D7 3+ +1,� �)5A.
9�� /*��� �,#�/�,�!-#� 1+1�C.!�:� ,�01�7  +�#D  +)#�/,� 2�".
*5 1�#�0#D2 � #+0+!-#D2 )#+0�#��2� L/!� "� #+ �/� �D: +#
!��+ �42�0�/1�C 2+/F,+:7 ,� h,� ��!�0�#D  +�#D �,#�F�#�A
1�#�0#��� � #+0+!-#��� )#+0�#�C� H+� �2� 7 �D��!#�#D /!�*5.
A9�� 1�2+#*D

NG$ "#CNTI"G H
NG$ IPP#A 007 . P$# 07 � x e+*+,- /, �!15 S/2� 
��7 /� �	
V�

��P
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�  �)5!-,+,� :5*�, )+*+#+ /, �!1+ �) ,�01� / 1�� *�#+,+2�
S�7 	V � ,�015 S�7 �V�

k+1�� "� � +��!� �� �*�!�#� � *!$ F+��� /2�9�#�$7 )+*+.
�+�2D3 � B�1!+3�

3�3 
�"���5 �� ��5� 6�*4�5 C9P8<

��!�#�$ #+ �/� v 2�"#� )+*+,-7 ��/��!-)��+�F�/- 1�2+#*�C
NG$ H$DTN� L� 4� 2+, �2��, ��*

NG$ H$DTN x IHDN } [#PJGPy x x�#yMDPP#P y x D� } # $ y
x NTI"G xJGEI "$ } ^MIu#Po x7^MD�#Poyyy
xx�#yP#$I$G x[S ^I�Coyy
x #eNG$ ^#eNG$o } �##eNG$y
x "GE$ } PDCR$ } TG�$GP } I $#u N$DES y x IJJ y
x I $#EPGF} ^D�TPo } ^N$IP$o7 ^D�TPo x7^G�Joy }
VxX^"I[G"oXy ^!#No x^"GlG"oy x7xX^"I[G"oXyB B BW y
x E#PMI$ XE#PMI$N$PD�CX y x E#�$ X�IMGx7^NDaGoyX y
x PI�CG"DMD$GJ y x $GH$T#"#P ^T#"#PN!GTo y

��2+#*D
unset xtics
show xtics

��)��!$A, 5:� +,- *�!�#�$ #+ �/$3 � ��1+)D�+,- *�!�#�$7 5/,+.
#��!�##D� � 2�2�#, )+� �/+�

�#+!���0#D� 1�2+#*D �/,- *!$ )+*+#�$ *�!�#�C #+ �/$3 S7
a7 H�7 S� � P S� ��!$ #D3 � /4� �0�/1�3 1�� *�#+,+3V�

�!A0� IHDN � [#PJGP  +)2�9+A, *�!�#�$ � ��*��/� 1 #�2
�*�!- �/�C �!� � +#�BD �)�: +"�#�$ /��,��,/,��##�� I,2�,�27
0,� �/� #� �:$)+,�!-#� /���+*+A, / � +#�B+2� *+"� � /!50+�
*�52� #D3 � +4�1�� S/2� 	��7 /� ���V� L/!� �/- 1�� *�#+, #+.
3�*�,/$ �:!�)� � +#�BD7 ,� #+#�/�#�� )+*+##D3 *�!�#�C �*�!-
�/� 2�"�, � �3�*�,- / �F�:1+2��

�!A0 MDPP#P /�)*+�, *5:!�1+,D �/#��#D3 S:�!-F�3V *�!�.
#�C )+*+##�C �/� 1�� *�#+, #+ �� *5:!� � #+ � �,�����!�"#�C
� +#�B� �1#+� � � h,�2 ��*��/� 1 h,�2 *�!�#�$2 #� /�)*+A,/$�

�!A0� D� � # $ �� �*�!$A, #+� +�!�##�/,- *�!�#�C' �#5, -
�!� #+ 5"5�

���
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�!A0 NTI"G 5/,+#+�!��+�,  +)2� *�!�#�C� ��!�#�$ :D�+.
A, �/#��#D� S:�!-F��V % �s�?w � 2+!�#-1�� % ��;?w� L/.
!� �+ +2�, ^MD�#Po #� )+*+#7 ,� �# ��!+�+�,/$  +�#D2
0B.r^MIu#Po� �� 52�!0+#�A  +)2� *�!�#�C 5/,+#+�!��+�,/$
 +�#D2 �� *!$ :�!-F�3 *�!�#�C � �	 *!$ 2+!�#-1�3 *�!�#�C�

�!A0 P#$I$G �� �*�!$�, ���� �, ,�1/,+ #+ 90o7 �#P#$I$G
�,2�#$�, ���� �, � P#$I$G [S I�C"G )+*+�, ���� �, #+ �� �*�.
!�##�� 0�/!� � +*5/���

�� 52�!0+#�A )+*+#D 1!A0� [#PJGP MDPP#P �#P#$I$G *!$
�/�C Y � \7 + *!$ �/�C Y� � \� % [#PJGP �#MDPP#P �#P#$I$G�
�!$ �/� � )+*+#�� 1!A0+ xIHDN } [#PJGPy #���)2�"#� � ��
52�!0+#�A �/��*+ �#MDPP#P� �!$ *�!�#�C #+ �/� � ��)2�"#�
)+*+#��MDPP#P7 #� ��/!� /�)*+#�$ *!$ #�3 *���0#��� � �/, +#.
/,�+ / ��2�9-A 1�2+#*D NG$ [#PJGP S/2� �����7 /� ��PV�

e#+0�#�$ �+ +2�, + ^#eNG$o S/2�9�#��V )+��/$, �,  +).
2� #�/,� /�/,�2D 1�� *�#+, � �D:� + 1�� *�#+,#�C /�/,�2D
#+ h1 +#� S/2� ���7 /� ���V� e+*+#�� ^#eNG$o /2�9+�, ,�1/,
*�!�#�C / �3 ��)�B�C �� 52�!0+#�A� e+*+#�� ^�##eNG$o �,.
2�#$�, 5/,+#��!�##DC  +#�� ^#eNG$o� H+� �2� 7 1�2+#*+

NG$ H$DTN #eNG$ 07 CPI!R 0B0.

/2�9+�, 2�,1� *�!�#�C :!�"� 1 � +4�15�
�� 52�!0+#�A ��*��/� 1 *�!�#�$2 �D +�#��+A,/$ +�,�2+.

,�0�/1� � )+��/�2�/,� �, �D: +##D3 �/�C � 5�!�� ���� �,+�
L/!�  �)5!-,+, #� 5/, +��+�,7 ,� 1�  �1B�$ �3 ��!�"�#�$ 2�.
"�, :D,- �D��!#�#+ )+ /0�, �D:� + )#+0�#�C "GE$7 PDCR$ �!�
TG�$GP� �D:� )#+0�#�$ I $#u N$DES ��)� +9+�, 1 �D:� 5 ��
52�!0+#�A�

�D��!#�#�� 1�2+#*D NG$ H$DTN :�) ��B�C ��//,+#+�!��+�,
#+/, �C1� *!$ �)�: +"�#�$ *�!�#�C �� 52�!0+#�A� I: +,#���
*�C/,��$ h,+ 1�2+#*+ #� �2��,�

�!A0 I $#EPGF ��)��!$�,  +/��!�"�,- *�!�#�$7 �/��!-)5$
*!$ h,��� 1�#/, 51B�A B�1!+� e+*+#�� �+ +2�, �� ^N$IP$o7
^G�Jo7 ^D�TPo 5/,+#+�!��+�, ��!�"�#�$ #+0+!-#���7 1�#�0.
#��� *�!�#�C �  +//,�$#�� 2�"*5 *�!�#�$2�� L/!� �+ +2�, 
G�J #� )+*+#7 ,� /0�,+�,/$7 0,� �#  +��# :�/1�#�0#�/,�� �+.
 +2�, ^D�TPo 2�"�, :D,- �, �B+,�!-#D2� L/!� �+ +2�, 

��




� .�.� �����	� �� ���� 3��1	� C6N58

^N$IP$o #� )+*+#7 ,� �#  +��# 2�#5/ :�/1�#�0#�/,�� L/!� #+ �/�
:D! �D: +# !��+ �42�0�/1�C 2+/F,+:7 ,� �+ +2�, ^D�TPo
�/��!-)5�,/$ 1+1 2#�"�,�!- S/2� 	��7 /� ��PV�

H+  +/��!�"�#�� *�!�#�C �!�$�, ,+1"� )#+0�#�� 5/,+#��.
!�##��� )#+0�#�$ KEP#�$K7 K[ITYK �!� K"ISGPJGEI "$K 1�2+#*�C
NG$ CPDJ S/2� ��
7 /� ���V�

�������B
�� �/,+#���,- 2�,1� #+ ��)�B�� 7 �	7 �7 ��	7 ��� 7 ��	7 ��

NG$ H$DTN 07 0B.7 0

�� �/,+#���,- 2�,1� #+ ��)�B�� ��� 7 .�7 .	7 7 	7 �7 ���

NG$ H$DTN .

�� �/,+#���,- 2�,1� #+ ��)�B�� �7 �7 >u�7 >uP7 >u


set logscale x
set xtics 1, 100, le8

��#�� 51+)+#�� �+ +2�, �� VX^"I[G"oX^!#No^"GlG"o7
BBBW ��)��!$�, )+*+�+,- *�!�#�$27 /,�$9�2 #+ � ��)��!-#D3
��)�B�$37 !A:D�7 #��:$)+,�!-#� 0�/!��D�7 ��*��/�� � h,�2 /!5.
0+� *!$ 1+"*��� *�!�#�$ 51+)D�+�,/$ ��� ��!�"�#�� � ��*��/-�
k�1/, ��*��/� *�!"�# :D,- �:$)+,�!-#� )+1!A0�# � *��C#D�
1+�D01�� L/!� �+ +2�, X^"I[G"oX  +��# g g7 ,� ��*��/- #�0�.
�� #� /�*� "�,� � � �,/5,/,��� h,��� �+ +2�, + �/��!-)5�,/$
��� )#+0�#�� �� 52�!0+#�A7 ,��� /��,��,/,�5A9�� 0�/!��

k �,�C �+ +2�, ^"GlG"o �)#+0+�, ,�� *�!�#�$� �� 52�!.
0+#�A �#  +��# 7 ,��� *�!�#�� $�!$�,/$ ^MIu#Po S:�!-F�2V�
e#+0�#�� �+ +2�, + ^"GlG"o7  +�#�� �7 �)#+0+�,7 0,� *�!�#��
:5*�,^MD�#Po S2+!�#-1��V� ��*��/- /��,��,/,�5�, �D: +##�.
25  +)2� 5 *�!�#�$�

�������B
NG$ H$DTN VX"#AX 07 XMGJD MX .07 XRDCRX 00W
NG$ H$DTN V7�7*7
7)7%�7)*7�
7�.)7.�70�*W
NG$ S$DTN VX[#$$#MX 07 X X 07 X$#!X �0W
NG$ S$DTN VX[#$$#MX 07 X X 0 7 X$#!X �0W

���



���� .� 0�	 �����	��� 	 	� ��������	�

�� �,� �2 � �2� � �/� *�!�#�$ :5*5, ��*��/+#D� � , �,-�2
��*��/+#D :5*5, !�F- 1�#B��D� *�!�#�$ S�� ��� � ��/!�*#��V�
� 0�,�� ,�2 #���*��/+##D2 *�!�#��2 :5*�, ��$,- / �*#�� � �#�
:5*�, 2+!�#-1�2�

L/!� $�#� )+*+A,/$ *�!�#�$7 ,� +�,�2+,�0�/1+$ ��#� +B�$
#� �/��!-)5�,/$� �� #5,- +�,�2+,�0�/15A ��#� +B�A *�!�#�C
2�"#�7 �D��!#�� 1�2+#*5

NG$ H$DTN I $#

&�"#� *�:+�!$,- 1 +�,�2+,�0�/1�C ��#� +B�� *�!�#�C � �.
�)��!-#D� 2�,1�7 �/��!-)5$ ��B�A IJJ

set xtics 0, .5, 10
set xtics add (′′Pi′′ 3.14159)

�� �+$ 1�2+#*+  +//,+��, *�!�#�$ / F+��2 �	 #+ �/�C �/�7
+ �,� +$ *�:+��, �9� �*#� *�!�#�� #+ ��)�B�� �����	�7 /*�!+�
��*��/- !D�

��!�#�$ #+#�/$,/$ ,�!-1� � *�+�+)�#�7 5/,+#��!�##�2 1�.
2+#*�C PI�CG� O� 2+, ��*��/�C 5 *�!�#�C  ��5!� 5�,/$ 1�.
2+#*�C NG$ E#PMI$ S/2� 	��7 /� ��PV7 �/!� #� �/��!-)��+#� $�#��
)+*+#�� �+ +2�, + ^"I[G"o� k�� �  +)2� F �4,+ �� �*�!$.
A,/$ ��B��C E#�$ S/2� �����7 /� �
�V�

&+!�#-1�� *�!�#�$ :�) ��*��/� 2��5, :D,- +�,�2+,�0�/1�
/��#� � ��+#D / ��2�9-A 1�2+#*D NG$ MH$DTN S/2� 	�P7 /� ��V
�!� / ��2�9-A $�#��� )+*+#�$ 1�2+#*�C

set xtics (′′ ′′ < pos > 1, ...)

3�E ��"��#��� $�"���5 �� ��5� 6�*4�5 KC9P8<

&+!�#-1�� SMD�#PV *�!�#�$ #+ �/� v 2�"#� )+*+,- $�#�7 ��/.
��!-)��+�F�/- 1�2+#*�C NG$ MH$DTN� L� 4� 2+, �2��, ��*

NG$ MH$DTN �x ^EPGFo } JGEI "$y

��2+#*D
unset mxtics
show mxtics

��



� .�O� 
�	���� 	����/"���	� � � ��� ����

��)��!$A, 5:� +,- 2+!�#-1�� *�!�#�$ #+ �/$3 � ��1+)D�+,-
5/,+#��!�##D� #+ 2�2�#, )+� �/+ *�!�#�$�

�#+!���0#D� 1�2+#*D �/,- *!$ )+*+#�$ 2+!�#-1�3 *�!�#�C
#+ �/$3 \7 �7 Y�7 � \��

I�B�$ EPGF )+*+�, 0�/!� ��*�#,� �+!�� #+ �*#�2 �#,� �+!�
2�"*5 :�!-F�2� *�!�#�$2�� k+1�2 �: +)�27 0�/!� 2+!�#-1�3
*�!�#�C �/��*+ #+ �*#� 2�#-F�7 0�2 )#+0�#�� �+ +2�, + EPGF�
�� 52�!0+#�A h,� 0�/!�  +�#� *�52 �!� �$,�� �D:� �;<=>?@
h,��� 0�/!+ )+��/�, �, )+*+#�$ :�!-F�3 *�!�#�C� � � )+*+#��
��B�� JGEI "$ 0�/!� ��*�#,� �+!�� ��)� +9+�,/$ 1 �D:� +�2�.
25 �� 52�!0+#�A�

�!$ )+*+#�$ 2+!�#-1��� *�!�#�$ � � ��)��!-#�2 2�/,� /!�.
*5�, ��/��!-)��+,-/$ ��)2�"#�/,$2� 1�2+#*D NG$ H$DTN / 1!A.
0�2 VX^"I[G"oX^!#No^"GlG"o7 BBBW7 �*� �+ +2�, "GlG"  +��#
�� &+!D� *�!�#�$ 2��5, :D,- )+*+#D ,�!-1� � ,�2 /!50+�7 1�.
�*+ �/#��#D� *�!�#�$ #� )+*+�+!�/- �  50#5A� H+��2#�27 0,�
*���!#�,�!-#D� :�!-F�� � 2+!�#-1�� *�!�#�$ 2��5, :D,- *�.
:+�!�#D 1 5"� /59�/,�5A9�2 1�2+#*�C NG$ H$DTN / 1!A0�2 IJJ
S/2� 	�	7 /� ���V�

������� ��2+#*D

set xtics 0, 5, 10
set xtics add (7.5)
set mxtics 5

 +//,+�!$A, �/#��#D� *�!�#�$ � ��)�B�� 7 	7 ��	7 �7 + 2+!D�
� ��)�B�� �7 �7 �7 �7 P7 �7 
7 ��

�� 52�!0+#�A 2+!D� *�!�#�$ #� /,+�$,/$ *!$ �/�C / !�#�C.
#D2 2+/F,+:�2 �7 #+�:� �,7 �1!A0�#D � /!50+� !��+ �42�0�.
/1��� 2+/F,+:+� &+!D� *�!�#�$ #+/!�*5A, �, �/#��#D3 ��B��
IHDN}[#PJGP � �#MDPP#P�

3�Q )%���%' ��*�"#/�&���5 $&!� *�% ����

��)5+!-#DC h44�1, �, �D:� + *�53 �/�C � *�#+, 2�"#� �B�.
#�,-7 � �*/,+��� *+##D� 4+C!+ s;@w?=�ts@ / ��2�9-A 1�2+#*�

���



���� .� 0�	 �����	��� 	 	� ��������	�

������ .B

x Q���#*5  +)2�/,�,- � ,�01� / 1�� *�#+,+2� /�/,�2D
x pws=} �
7 ��7 51+)+� � 1+0�/,�� #+)�+#�C 45#1B�C
x )+��!��1� /��,��,/,�5A9�3 /,�!:B���
NG$ YGS I $#$D$"G T#" M�RGIJ I$ CPI!R 0B
7 0B%
NG$ H"I[G" X�CGX x 5/,+#���,- ��*��/- gbpu�#+ �/� Y�
x 5/,+#���,- ��*��/- g]u�p}@g #+ �/� \�
NG$ S"I[G" XnGDCR$X
x 5/,+#���,- ��*��/- g ù�p}@g #+ �/� \�
NG$ S�"I[G" X�GDCR$X
NG$ S�$DTN x #+#�/,� *�!�#�$ #+ �/- \�
x H�  �/��+,- *5:!�1+,D *�!�#�C �/� \ #+ �/� r��
NG$ S$DTN �#MDPP#P
!"#$ KI�$P#!BJI$K  ND�C %` IHGN HS AD$R "D�GN!#D�$N7 b
K K  ND�C %`� IHGN HS� AD$R "D�GN!#D�$N

J�)5!-,+, �3 �D��!#�#�$ �)�: +"�# #+  �/5#1� ���
� 5��2 � �2� �2 �/��!-)��+#�$ *�53 �+ �/�C $�!$�,/$

/!50+C7 1��*+ 5 45#1B�C  +)!�0#D� #� ,�!-1� �:!+/,� )#+0�.
#�C7 #� � �:!+/,� �� �*�!�#�$� J+//2�, �2 45#1B��

y = sin(x), x ∈ [−3π; 3π]; y = ex, x ∈ [−0.5; 9].

H+ B��,#�C �!!A/, +B�� ZUUU S/� ��
V � ���*�#� ,+1�� �)�: +.
"�#��7 ��!50�##�� / ��2�9-A /!�*5A9�3 1�2+#*�

������ .B�

x e+*+,- ��!�"�#�� !���#*D�
NG$ YGS I$ CPI!R 0B&7 0B&%
x ��!�#�$ �/�C #� #+#�/�,- #+ � �,�����!�"#5A �/- � ��*��/�
x 5 *�!�#�C �/�C Y � \ /*�!+,- 1 +/#D2�7
x + Y� � \� % )�!�#D2��
NG$ H$DTN �#MDPP#P $T XPGJX
NG$ S$DTN �#MDPP#P $T XPGJX
NG$ H�$DTN �#MDPP#P $T XCPGG�X
NG$ S�$DTN �#MDPP#P $T XCPGG�X
x e+*+,- 0�/!� 5)!�� *!$ ��/, ��#�$ � +4�1���

���



� .�O� 
�	���� 	����/"���	� � � ��� ����

J�/� ��' �D:� #�/1�!-1�3 �/�C � )+*+#�$ �3 #+)�+#�C

NG$ NIM!"GN 000
x e+*+,- *�+�+)�#D �)2�#�#�$ �� �2�##D3�
NG$ HPI�CG j5%r!D`%r!Dk
NG$ SPI�CG j5B�`B�k
NG$ H�PI�CG j50B.`&k
NG$ S�PI�CG j0`&000k
x e+*+,- *�!�#�$ #+ �/� Y� �,  *� 
 / F+��2 ��
NG$ H�$DTN 07  7 

x e+*+,- 4� 2+, ��*��/�C #+ �/� \��
NG$ E#PMI$ S� XwB0$r0�xwg0%tyX
x ��!�#�$ #+ �/� \� )+*+,- / F+��2 ��
NG$ S�$DTN 000
x e+*+,- ��*��/� �/�C�
NG$ H"I[G" X\ VE �T$D#� ND�VHWWX
NG$ S"I[G" Xp VE �T$D#� ND�VHWWX
NG$ H�"I[G" X\ VE �T$D#� G�HWX
NG$ S�"I[G" Xp VE �T$D#� G�HWX

���



���� .� 0�	 �����	��� 	 	� ��������	�

!"#$ ND�VHW AD$R "D�GN!#D�$N "$ % "T XPGJX !D %07b
GH!VHW IHGN H�S� AD$R "D�GN!#D�$N "$ ) "T XCPGG�X !D .0

;�������� &�"#� �/��!-)��+,-  �"�2 M "$D!"#$ S/2� �7
/� �P	V7 0,�:D #+ �/��+,- � +4�1� 45#1B�C7 �2�A9�3  +)#D�
�:!+/,� �� �*�!�#�$ � )#+0�#�C� � h,�2 /!50+� 2�"#� /*�!+,-
�+ D �/�C *!$ h,�3 45#1B�C  +)#��� B��,+7 #� �!+,�C )+ h,�
:5*�,  50#+$ ��*��#1+ /���+*�#�$ �:!+/,�C �)�: +"�#�C�

3�R �%������5 ��#

M+/,� *!$ �)�: +"�#�$ *+##D3 , �:5�,/$ �/-7 �� 1�,� �C �,.
1!+*D�+A,/$ � �2�##D� � �2�"5,1�� ��!�#�$ #+ � �2�##�C
�/� /�)*+A, 1�2+#*�C

NG$ xH}S}B B B yJI$I $DMG

�!$  +:�,D / ,+1�2� �/$2� �/,- /��B�+!-#D� �� �2�##D�
,��+ g� �2$.*+,+g S/2� ��	��7 /� �
�V� I#� �2�A, 4� 2+,7 )+*+.
�+�2DC 1�2+#*�C NG$ $DMGEM$ S/2� ��	��7 /� �
�V�

�������B
�� E!�*5A9�� 1�2+#*D /�)*+A, � �2�##5A �/- / *�!�#�$2�
gWuN �g7 gWuN �g � g WuN 	g

set x data time
set timefmt ′′%d/%m′′

set xtics format ′′%b/%d′′

set xrange [′′01/12′′ :′′ 06/12′′]
set xtics ′′01/12′′, 172800, ′′05/12′′

�� e+2�#�� ��/!�*#AA 1�2+#*5 �) � �2� + � #+

set xtics ′′01/12′′, ′′ ′′ ′′03/12′′, ′′05/12′′

��!50�2 ,� "� *�!�#�$7 #� / �*#��7 /��,��,/,�5A9�� ��)�B��
gWuN �g7 :5*�, #���*��/+##D2�

���



� .�P� ��������� ��/

� ���*�2 � �2� � +4�1+7 �*� �/- +:/B�// $�!$�,/$ � �2�#.
#�C �/-A� �5/,- � 4+C!� X$DMGBJI$X 3 +#$,/$ /, �1�

03/27/15 10 : 00 6.02e23
03/28/15 11 : 00 5.02e23
03/29/15 12 : 00 7.02e23
03/30/15 13 : 00 6.54e23
03/31/15 10 : 30 5.59e23
04/01/15 11 : 30 6.32e23

6 +4�17 �)�: +"�##DC #+  �/5#1� �	7 ��!50�# 1�2+#*+2��

������ .B%

x e+*+,- ��!$ �1#+ *!$ #+*��/�C�
NG$ "MIPCD� *B0
NG$ PMIPCD� *B0
NG$ [MIPCD� *B0
x e+*+,-  +)2� F �4,�� � ��!�"�#�� !���#*D�
NG$ YGS [ E#�$ K7�0K
NG$ H$DTN E#�$ K7)K
NG$ S$DTN E#�$ K7)K
x E,+#*+ ,#+$ #+*��/- � � �2�#� /�)*+#�$ �)�: +"�#�$�
NG$ $DMGN$IM! #eNG$ 0750B. E#�$ K7�0K
NG$ HJI$I $DMG x e+*+,- �/- Y7 1+1 � �2�##5A�
NG$ $DMGEM$ XwMhwJhwSX x e+*+,- 4� 2+, *!$ � �2�#��
x ��+�+)�# � �2�##�C �/��
NG$ HPI�CG jX0%h��h.X`X0*h0h.Xk
x O� 2+, ��*��/�C 5 *�!�#�C � �2�##�C �/��
NG$ E#PMI$ H XwMhwJX
NG$ H$DTN 
)*00 x J+//,�$#�� 2�"*5 *�!�#�$2� � �2�##�C �/��
x O� 2+, 0,�#�$ �) 4+C!+ )#+0�#�C � �2�#��
NG$ $DMGEM$ XwMhwJhwS wn`w{X
x � ��B��  ND�C 51+)+#D /,�!:BD � � �7 ��/1�!-15 )#+0�#�$
x � �2�#�7 )+��/+##D� � 4+C!� @��u�ts@7  +/��!�"�#D � �� �D3
x *�53 /,�!:B+3' *+,D �,*�!�#D �, � �2�#� � �:�!+2��
!"#$ X$DMGBJI$X  ND�C `% AD$R "D�GN

��	
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J�/� �	' � �2� �/��!-)��+#�$ � �2�##�C �/�

3�S .�%��� *�$*���� � $�"���5�

O� 2+, ��*��/�C 1 *�!�#�$2 #+ �/$3 5/,+#+�!��+�,/$ 1�2+#*�C

set format {< axes >} {′< format− string >′}

���5/1+�,/$ �: +2!�#��^E#PMI$5N$PD�Co *��C#D2� 1+�D01+.
2�� I�B�$^IHGNo 2�"�, � �#�2+,- )#+0�#�$ H7 S7 HS7 H�7 S�7
a7 T[� � � ��59�##�C ��B��^IHGNo )+*+�+�2DC 4� 2+, :5*�,
� �2�#�# *!$ �/�3 �/�C�

E!�*5A9�� *�� 1�2+#*D h1���+!�#,#D

set format y ′′%.2f ′′

set ytics format ′′%.2f ′′

�!�#+ /�2��!-#�C /, �1�7 )+*+A9+$ ��*��/-7 �� +#�0�#+
� /�2��!+2�� O� 2+,7 )+*+�+�2DC �� 52�!0+#�A % g�pg� M+.
/,� �/��!-)5A,/$ 4� 2+,D g���g � g���u�g S/2� ��	��7 /� �
�V�
�!$ /�/,�2D �b�XY7 1+1 � +��!�7 �/��!-)5�,/$ g�p�g� L/!�
� 1+0�/,�� X^E#PMI$5N$PD�CoX :5*�, )+*+#+ �5/,+$ /, �1+ g g7

��P



� .�Q� 2����� ����	��� � �����	��

,� *�!�#�$ :5*5, �2�,- �5/,D� ��*��/�7 1�,� D� �/,+�$, �5.
/,D� 2�/,+ �1�!� *�!�#�C� �!$ 5/, +#�#�$ h,�3 g:�!D3g �$,�#7
2�"#� �/��!-)��+,- 1�2+#*D

unset xtics
set xtics scale 0

� 4� 2+,� *��5/,�2 /�2��! �� �3�*+ #+ #��5A /, �15 y�;y�
� /!50+� ��� �/��!-)��+#�$ /!�*5�, � �2�#$,- *��C#D�7 +
#� �*�#+ #D� 1+�D01�7 � 1�,� D� )+1!A0+�,/$ /, �1+.4� 2+,
S/2� ����7 /� ��	V� E�2��!D7 /!�*5A9�� )+ )#+1�2 y�y7 �)�: +"+.
A,/$ ��!#�/,-A� H+� �2� 7 � � )+*+#�� /, �1�.4� 2+,+ g�p
�g :51�+ y�y :5*�, �D��*�,-/$ ��/!� 1+"*��� 0�/!+� L/!� �D
3�,�,� #+��0+,+,- /+2 /�2��! y�y7 ,� /, �1+.4� 2+, *�!"#+
:D,- /!�*5A9�C g�p��g S/2� ��	��7 /� �
�V�

��/2�, �,- 5/,+#��!�##DC 4� 2+, 2�"#� / ��2�9-A 1�.
2+#*D

NR#A E#PMI$

���



���� ?� 0��+������	 ,9R	"�+�����	�

. -��*������	 %/0	��*�����	�

E�( ���!%� �0/�%� 6�*4�5 @9>H<

I�B�$ lDGA � �*#+)#+0�#+ *!$ )+*+#�$  +15 /+ �:)� +7 #+�:�.
!�� 5*�:#��� *!$ #5"#��� ��/� �$,�$ � +4�1�� 45#1B�C *�53
�� �2�##D3� E�#,+1/�/ 1�2+#*D7 ��)��!$A9�C )+*+�+,- �+ +.
2�, D h,�C ��B��7 /!�*5A9�C'

NG$ lDGA
^P#$OHox7x^P#$Oayx7x^NTI"Goyx7^NTI"GOaoyyy

�+ +2�, D^P#$OHo �^P#$Oao )+*+A, 5��! ���� �,+ ��.
1 5� �/�C Y � �� ��!�0�#D h,�3 5�!�� )+*+A,/$ � � +*5/+3� e#+.
0�#�� ^P#$OHo �D:� +�,/$ � � �*�!+3 �,  *� �
 S�� 52�!.
0+#�A �D:� +�,/$  +�#D2 P � +*5/+2V7 + ^P#$Oao % �, 
*� �P S�� 52�!0+#�A �D:� +�,/$  +�#D2 � � +*5/+2V� �+ +.
2�, ^NTI"Go �� �*�!$�, 2+/F,+: �/��� � +4�1+7 � ,� � �2$
1+1 ^NTI"GOao 2+/F,+:� 5�, � +4�1 ,�!-1� �� �/� �� I:+
�+ +2�, + �� 52�!0+#�A  +�#D ��

�������B

set view 60,30,1,1
set view , , 0.5

�� �+$ 1�2+#*+ 5/,+#+�!��+�, �/� 0�,D � �+ +2�, +7  +�#D2�
�3 )#+0�#�$2 �� 52�!0+#�A� �,� +$ 1�2+#*+ 2�#$�, 2+/F,+:
�)�: +"�#�$ �/��� � +4�1+ *� 7	�

�D��/,� #+ h1 +# ,�159�� )#+0�#�$ �+ +2�, �� 1!A0+ lDGA
2�"#� / ��2�9-A 1�2+#*D

NR#A lDGA

�!$ )+*+#�$  +�#D3 �!� #� +�#D3 2+/F,+:�� �� �/$2 � �.
2�#$�,/$ 1�2+#*+

NG$ lDGA x�#yGF I" xHS}HSay

k+1"� *!$ �� �*�!�#�$  +)2� �� �)�: +"�#�$ �/��!-)5�,/$
1�2+#*+ NG$ NDaG S/2� �����7 /� ��
V�

��




� ?��� E	��� 	"��	�	� 3��1	� 65J5FGHI:58

E�, I��"� �/�"���� 6�*4�5 98N8JKLM>8<

H+��2#�27 0,� �)�!�#��C #+)D�+�,/$ !�"+9+$ #+ ���� 3#�/,�
1 ��+$7 *!$ 1�,� �C �*#+ �) #�)+��/�2D3 �� �2�##D3 4�1/�.
 ��+#+� ���� 3#�/,� 0+/,� �)�: +"+A, � ��*� #+:� + �)�!�.
#�C �� �:��2 #�)+��/�2D2 �� �2�##D2� �� 52�!0+#�A 0�/!�
�)�!�#�C �� 1+"*�C �) �� �2�##D3  +�#� �� M�2 :�!-F� �)�.
!�#�C7 �)�: +"+A9�3 ���� 3#�/,-7 ,�2 ,�0#�� �� �*+A,/$ ��
�/�:�##�/,��

��2+#*+ *!$ $�#��� )+*+#�$ 0�/!+ �)�!�#�C �D�!$*�, /!�.
*5A9�2 �: +)�2'

set isosamples < iso|1 > {, < iso|2 >}
L/!� 0�/!� �+ +2�, �� �7 ,� 1+"*DC �) #�3 )+*+�, 0�/!�

�)�!�#�C �� /���C �� �2�##�C� ���*+ "� )+*+# �*�# �+ +2�, 7
,� /0�,+�,/$7 0,� 1�!�0�/,�� �)�!�#�C �� 1+"*�C �) �� �2�#.
#D3 �*�#+1��� �  +�#� )#+0�#�A )+*+##��� �+ +2�, +�

�!$ �!!A/, +B�� /1+)+##��� � ���*�2 � +4�1 �+ +:�!��*+
S/2�  �/� �PV

z =
x2

4
+

y2

4
� � ��/, ��#�� h,�C ���� 3#�/,� :D!� �/��!-)��+#� � �)�!�.
#�C �� �� �2�##�C v � �/��� 	 �� �� �2�##�C r'

������ )B

NG$ YGS E#�$ K7�0K
NG$ H$DTN #eNG$ 0750B. E#�$ K7)K
NG$ S$DTN #eNG$ 750B�. E#�$ K7)K
NG$ a$DTN E#�$ K7)K
NG$ DN#NIM!"GN �07 .
N!"#$ HrHh*gSrSh*

H+ h,�2  �/5#1� ��*#�7 1+1 /1+)D�+�,/$ #+ �)�: +"�#��  +).
#�� 1�!�0�/,�� �)�!�#�C �� #�)+��/�2D2 �� �2�##D2 S/ +�.
#�,- /  �/� ��V�

e+2�,�27 0,� )+*+#�� 0�/!+ �)�!�#�C ��#� � 5�,/$ � �
�)�: +"�#�� ���� 3#�/,�C7 )+*+�+�2D3 / ��2�9-A *�/1 �,#D3
*+##D3�

���



���� ?� 0��+������	 ,9R	"�+�����	�

J�/� �P' � +4�1 �+ +:�!��*+ /  +)#D2 0�/!�2 �)�!�#�C

�D��/,� #+ h1 +# )+*+##�� 0�/!� �)�!�#�C 2�"#� 1�2+#*�C

show isosamples

E�1 ��%'�'� "���� 6�*4�5 D9==>:1=<

6 +4�1 ���� 3#�/,� �:D0#� /�/,��, �) #+:� + !�#�C � � �.
/, +#/,��7 1+"*+$ �) 1�,� D3 $�!$�,/$ �� �!�/1�2 /�0�#��2�
H� �/� 50+/,1� h,�3 1 ��D3 �1+)D�+A,/$ ��*#D7 �/!� /0�,+,-
���� 3#�/,- #�� �) +0#�C� ��)2�"#�/,- 5*+!�#�$ ,+1�3 /1 D.
,D3 50+/,1�� �:�/��0��+�,  �"�2 /,� +#�$ #���*�2D3 !�#�C7
1�,� DC )+*+�,/$ / ��2�9-A 1�2+#*D

NG$ RDJJG�%J x JGEI "$N y }
x xEP#�$}[ITYy
x x#eNG$ ^#eNG$oy } x�##eNG$ y y
x $PDI�C"G!I$$GP� ^[D$!I$$GP�o y
x x  �JGL�GJ ^"GlG"o y } x�# �JGL�GJ y y
x x�#yI"$JDIC#�I" y
x x�#y[G�$#lGP y

��



� ?�,� ������� �	�		 3��1	� D699:7,98

J�"�2 RDJJG�%J *� �� /�� ��P  +:�,+! !�F- *!$ ���� 3#�.
/,�C7 )+*+##D3 *+##D2�7 1�,� D� 2�"#� /0�,+,- /�,1�C SCPDJ
JI$I S/2� ����P7 /� 	�VV7 � �)�: +"+A,/$ / ��2�9-A F+:!�.
#�� "D�GN �!� "D�GN!#D�$N� H+0�#+$ / �� /�� ��P7 ��* *�C/,���
RDJJG�%J /,+!� ���+*+,- F+:!�#D !#D�$N7 "I[G"N7 lGT$#PN �
DM! "NGN *+"� � /!50+$37 1��*+ �)�: +"+�2+$ ���� 3#�/,- #�
$�!$�,/$ , +*�B��##�C7 ,��� �)�: +"+�2�C /�,1�C �)�!�#�C� E
��2�9-A  �"�2+ RDJJG�%J 2�"#� #+ �/��+,- �)�: +"�#�$
�*#�� �2�##� *�53 � :�!�� ���� 3#�/,�C�

I*#+ � ,+ "� ���� 3#�/,- 2�"�,  �/��+,-/$ #�2#��� ��
 +)#�25 �  �"�2+3 RDJJG�%J � �#RDJJG�%J7 ��/1�!-15 *!$
�)�: +"�#�$ �)�!�#�C 2�"�, :D,- )+*�C/,���+#�  +)#�� 0�/!�
,�0�17 )+*+A9�3 ���� 3#�/,- SNIM!"GN S/2� ���7 /� �	VV�

()�: +"�#�$ �/�3 #+*��/�C S"I[G"NV7 /, �!�1 SIPP#ANV � /�.
*� "�2�� !���#*D SYGSV #�1��*+ #� � ��+*+�, �).)+ �1!A0�#.
#���  �"�2+ RDJJG�%J�

�!A0 #eNG$ )+*+�, "D�G$S!G !�#�C *!$ #�"#�C /,� �#D ��.
�� 3#�/,�� �� 52�!0+#�A �# #+ �*�#�B5 :�!-F�7 0�2 *!$ �� 3.
#�C /,� �#D� j,� *�!+�, :�!��  +)!�0�2D2� /,� �#D ���� 3.
#�/,�� &�"#� )+*+,- "D�G$S!G *!$ #�"#�C /,� �#D �  50#5A7
51+)+� �+ +2�, ^#eNG$o� I:� /,� �#D :5*5, �)�: +"�#D �*�.
#+1���7 �/!� )+*+,- ^#eNG$o  +�#D2 #5!A �!� 51+)+,- 1!A0
�##eNG$�

�!A0 $PDI�C"G!I$$GP� )+*+�, /��/�: �)�: +"�#�$  +)!�0.
#D3 h!�2�#,��7 #+ 1�,� D�  +):��+�,/$ ���� 3#�/,-� �+ +2�, 
^[D$!I$$GP�o 2�"�, � �#�2+,- B�!D� )#+0�#�$ �,  *� �� ��
52�!0+#�A )+*+�,/$ )#+0�#�� � S/2�  +)*�! }�ttu;�t z�{V�

�!A0  �JGL�GJ �� �*�!$�,7 1+1 ��/,5�+,- / ,�01+2�7 5 1�.
,� D3 1+1��.,� 1�� *�#+,D �� �*�!�#D #�1�  �1,#� S#+� �.
2� 7 � ��59�#D �!� �2�A, )#+0�#�� ;s;V �!� #� �3�*$, �
*�+�+)�#D7 �� �*�!�##D� ��B��C PI�CGN� � ,+1�3 ,�01+3 !�.
:� #�0��� #�  �/5�,/$7 !�:� �#� �D: +/D�+A,/$ �) 2#�"�/,�+
*+##D3 � #+ ���� 3#�/,� ��)#�1+�, *D 1+� e+*+#�� �+ +2�, +
^"GlG"o7  +�#��� �7 #� �D: +/D�+�, #�1+1�3 ,�0�1� j,� )#+.
0�#�� )+*+�,/$ ,+1"� �D:� �2 1!A0+ �# �JGL�GJ� �+ +2�, 
^"GlG"o7  +�#DC �7 �D: +/D�+�, ,�!-1� ,�01� / #�1�  �1,#�
�� �*�!�##D2� 1�� *�#+,+2�7 + � � �+ +2�, � ^"GlG"o7  +�.

���
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#�25 � Sh,� )#+0�#�� )+*+�,/$ �� 52�!0+#�AV7 5*+!$A,/$ ,�01�7
0-� 1�� *�#+,D #� ���+*+A, � )+*+##D� *�+�+)�#D�

� � �/,+!-#D� 1!A0� ��B�� RDJJG�%J 2�"#� � �0�,+,- �
�*#��2�##�2  +)*�!� z�{�

I,2�#�,-  �"�2 /,� +#�$ /1 D,D3 !�#�C � ��/2�, �,-
5/,+#��!�##D� *!$ h,���  �"�2+ 1!A0� 2�"#� 1�2+#*+2�

unset hidden3d
show hidden3d

E�2 )�"�-���� *"������� ?B 6?BLMJ:><

�� 52�!0+#�A �!�/1�/,-7 �*� �)�: +"�#D �/� Y\7 � ���*�,.
/$ #�"� #�"#�C � +#�BD *��5/,�2D3 )#+0�#�C 1�� *�#+,D ~�
H+��2#�27 0,� h,+ � +#�B+ )+*+�,/$ !�:� $�#� �� �*�!�#��2
��B�� aPI�CG7 !�:� �� 52�!0+#�A 1+1 2�#�2+!-#�� )#+0�#��
1�� *�#+,D ~ �� �/�2 �)�: +"+�2D2 ,�01+2� �+1 � +��!�7 ,+.
1��  +/��!�"�#�� #� 2�F+�, � +��!-#� ��/� �#�2+,- �)�: +.
"�##D� � +4�1� � #� /�)*+�, !�F#�3 ��2�3� I*#+1� :D�+A,
/!50+�7 1��*+ , �:5�,/$ $�#� )+*+,- ��!�"�#�� �!�/1�/,� Y\�
j,� 2�"#� /*�!+,-7 �/��!-)��+� 1�2+#*5

NG$ HS!"I�G I$ ^alI" Go

^alI" Go % ,�01+ #+ �/� �7 � 1�,� �C :5*5, �� �/�1+,-/$ �/�
Y � \�

L9� �*#+ 1�2+#*+

NG$ HS!"I�G PG"I$DlG ^EPITo

)+*+�,  +//,�$#�� �, �!�/1�/,� Y\ *� zmin  +�#D2 ��!�0�#�
zmax − zmin7 52#�"�##�C #+ ��!�0�#5 ��wsN�� �� 52�!0+#�A
)#+0�#�� ��wsN�  +�#� �	� ���5/1+A,/$ �, �B+,�!-#D� )#+0�.
#�$ ��wsN�7 #� � � h,�2 ��*��/� *�!�#�C #+ �/$3 2��5, �� �.
1 D�+,-/$�

������B
� ���/,� �!�/1�/,- Y\ 0� �) ,�015  #+ �/� �

NG$ HS!"I�G I$ 0

���



� ?�.� ��������	� ���� �	������	 �����	���

��1+)+,- 5/,+#��!�##5A ,�015 �� �/�0�#�$ �!�/1�/,� Y\ /
�/-A � 2�"#�7 �/��!-)��+� 1�2+#*5

NR#A HS!"I�G

E�3 ����&����&�� ��-$! ��������� ���%$����

� � /�)*+#�� , �32� #D3 �)�: +"�#�C � B�!�#* �0�/1�3 �!�
/4� �0�/1�3 1�� *�#+,+3 , �:5�,/$ )+*+,- �#/, 51B�A7 ��$/.
#$A95A 1+1 �#,� � �,� ��+,- *�/1 �,#D� *+##D�

set mapping {cartesian|spherical|cylindrical}

�� 52�!0+#�A )+*+�,/$ TIP$GNDI� % *�1+ ,��+ /�/,�2+�

� /4� �0�/1�2 /!50+� *+##D� *�!"#D /�*� "+,- *�� �!�
, � 1�!�#1�� L/!� 1�!�#�1 , �7 ,� �� �+$ % 5��! θ7 �,� +$ %
5��! φ7 , �,-$ %  +*�5/.��1,� ,�01� P� � /!50+� *�53 1�!�.
#�1 5�!D :� 5,/$ �) �2�A9�3/$ /,�!:B��7 + )#+0�#��  +*�5/+
��!+�+�,/$  +�#D2 �*�#�B� *!$ �/�3 ,�0�1� � ���*�2 4� 25!D
/��,��,/,��$ *+##D3 h,�3 1�!�#�1 *�1+ ,��D2 1�� *�#+,+2

x = r ∗ cos (φ) ∗ cos (θ),
y = r ∗ sin (φ) ∗ cos (θ),
z = r ∗ sin (θ).

k �:5�,/$ ��*0� 15,-7 0,� /�/,�2+ 1�� *�#+, (θ, φ, r) $�.
!$�,/$ g���� +4�0�/1�Cg7 + #� g/4� �0�/1�Cg� ���! θ � #�C
)+*+�, 5��! 2�"*5 gh1�+,� �2g �  +*�5/.��1,� �2 ,�01�'

θ ∈
[
−π

2
;
π

2

]
� ��!$ #DC 5��! φ 2�"�, � �#�2+,- !A:D� )#+.

0�#�$ �) �, �)1+ [0; 2π]�

L/!� *+##D� )+*+A, ���� 3#�/,- � B�!�#* �0�/1�3 1�� *�.
#+,+37 ,� /,�!:B�� / *+##D2� ,+1"� 2�"�, :D,- *�+ �!� , ��
�� �D� *�+ )+*+A, 5��! φ � 1�� *�#+,5 z� k �,�C /,�!:�B /�.
*� "�, )#+0�#�$  +*�5/.��1,� r ,�0�17 + � � ��� �,/5,/,��� r
��!+�+�,/$  +�#D2 �*�#�B��

���
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O� 25!D /��,��,/,��$ *+##D3 h,�3 1�!�#�1 *�1+ ,��D2 1�.
� *�#+,+2 /!�*5A9��

x = r ∗ cos (φ)
y = r ∗ sin (φ)
z = z.

e+2�,�27 0,� ��B�$ mapping #� �!�$�, #+  +:�,5 1�2+#*D
plot�

���



1 2����� %/3	��*�����	�

Q�( G�0"�� LK1=

�!$ /�)*+#�$ B��,#D3 � �/, +#/,��##D3 �)�: +"�#�C � �*#+.
)#+0�# F+:!�# !M%J� j,�, F+:!�# �/��!-)5�,/$ ,�!-1� 1�.
2+#*�C N!"#$� ()�: +"�#�$ 2��5, :D,- 1+1 B��,#D2�7 ,+1 �
� 0� #�.:�!D3 ,�#+3� (/��!-)5�2DC +!�� �,2 *��5/1+�, �)�:.
 +"�#�� *+##D3 1+1 / �*�#+1��D2 0�/!�2 ,�0�1 #+ / �)�7 ,+1
� / �� �2�##D2 :�) � �*�+ �,�!-#�C �: +:�,1��

H+ B��,#�C �!!A/, +B�� YU S/� ��V � ���*�# � �2� �)�:.
 +"�#�$ �+ +:�!��*+ / ��2�9-A F+:!�#+ !M%J

splot x ∗ x/4+ y ∗ y/8 with pm3d

I/,+!-#D� 1�2+#*D7 /�)*+A9�� h,� �)�: +"�#��7 �/,+!�/- ,+.
1�2� "�7 0,� � � � �2� � ��	7 + ��B�� F+:!�#+ !M%J :D!�
)+*+#D �� 52�!0+#�A�

Q�, �'0�% 4&���

&#���� 1�2+#*D �;<=>?@ *��5/1+A, $�#� )+*+�+,- B��, �)�: +.
"+�2D3 �:G�1,��� E�#,+1/�/ ��B�C7 ��)��!$A9�3 �� �*�!�,-
B��,7 �2��, ��*'

. . . {linecolor | lc} {< colorspec > | < n >}

. . . {textcolor | tc} {< colorspec > | {linetype | lt} < n >}

e#+0�#�$^T#"#PN!GTo 2�"#� 51+)+,- 2#���2� /��/�:+2� S/2�
 +)*�! T#"#PN!GT z�{V� � ���*�2 #�1�,� D� �) #�3

PC[T#"#P XT#"#P�IMGX % #+� �2� 7 g�><ug�
PC[T#"#P X�mm����X % /, �1+ F�/,#+*B+,� �0#D3 1�#.
/,+#,7 )+*+A9�3 B��, � 4� 2+,� Y���
PC[T#"#P lIPDI["G % B�!�0�/!�##+$ �� �2�##+$ S�� )#+0�.
#�� /0�,D�+�,/$ �) 4+C!+ / *+##D2�V�
!I"G$$G EPIT ^lI"o % �os>� �) �, �)1+ �,  *� � *!$ *�C/,�5.
A9�C �+!�, D�

��	
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!I"G$$G T[ ^lI" Go % �os>� �) *�+�+)�#+ T[PI�CG *�C/,�5.
A9�C �+!�, D�
^�o % B��,+ !�#�� / #�2� �2 ; S/2� B���!!A/, � ZV�
[C�J % )+*+#�� B��,+ 4�#+�
["ITY % )+*+#�� 0� #��� B��,+�

e#+0�#�$ X�mm����X $�!$A,/$ F�/,#+*B+,� �0#D2�
1�#/,+#,+2� / � �4�1/�2 K�K� �+"*+$ �) 1�#/,+#, )+*+�, , �
B��,+ % 1 +/#DC7 )�!�#DC � /�#�C� I,,�#1� 1+"*��� �) #�3
)+*+A,/$ B�!D2 0�/!�2 �,  *� �		�

�!A0 XT#"#P�IMGX 2�"�, � �#�2+,- )#+0�#�$7 1�,� D�
2�"#� 5)#+,-7 � �2�#�� 1�2+#*5

NR#A T#"#P�IMGN

� ���*�2 #�/1�!-1� � �2� �� ,+1�3 �2�# � �3 1�*� ��1�

#PI�CG �eI.00 U �.. ). 000
[P#A�* �
0** U �
 0�0 000
CPIS �[G[G[G U &0 &0 &0

R��,��+$ �+!�, + /,+��, � /��,��,/,��� 1+"*�25 �,,�#15
�) � �*!+�+�2��� #+:� + �#*���*5+!-#�� 0�/!���� )#+0�#��� �
�;<=>?@ �/,- *�� B��,��D� �+!�, D� �� �+$ h,� !I"G$$G EPIT�
� #�C 1+"*�25 B��,5 /,+��,/$ * �:#�� 0�/!� �,  *� � SN2�
B���!!A/, � ZUV� �,� +$ % !I"G$$G T[� � h,�C �+!�, � 5/,+#+�.
!��+�,/$ *�+�+)�# B��,��D3 )#+0�#�C 1�2+#*�C

NG$ T[PI�CG

�!A0 X!I"G$$G aX /�$)D�+�, *�+�+)�# 1�� *�#+, �� �/� � /
*�+�+)�#�2 B��,��D3 )#+0�#�C ST[PI�CGV� j,� ��)��!$�, �!+*.
1� 2�#$,- B��,��D� �,,�#1� � )+��/�2�/,� �, ��!�0�#D 1�� .
*�#+,D �� �/� �� j,�, �+ +2�, ��)��!$�,  +/1 +F��+,- *�5.
2� #D� � +4�1�7 �/��!-)5$ *!$ h,��� *���!#�,�!-#5A 1�!�#15
*+##D3�

��P



� O�,� S����� �����

Q�1 T&���&�5 �����

�!$ �!!A/, +B�� )+��/�2�/,� B��,+ h!�2�#,+ ���� 3#�/,� �,
1�� *�#+,D �� �/� � � � �/��!-)��+#�� F+:!�#+ !M%J /!5.
"�, B��,��+$ /3�2+� R��,��+$ /3�2+ h,� � $2�5��!-#�17 � 1�.
,� �2 !�:� �� �� �)�#,+!� /� +�+ #+!���7 !�:� �� �� ,�1+!�
/#�)5 ��� 3 �)2�#$A,/$ B��,+ �� ,�25 "� )+1�#57 0,� � *!$ ��.
�� 3#�/,� �, zmin *� zmax S/2� �� �DC 1!A0 1�2+#*D )+*+#�$
B��,���C /3�2DV� �D��* B��,���C /3�2D #+ ��!� �)�: +"�#�$
)+*+�,/$ 1�2+#*�C

NG$ T#"#P[#H x x lGP$DTI" } R#PDa#�$I" y
x JGEI "$ }  NGP y x #PDCD� H7 S y
x NDaG H7 S y x EP#�$ } [ITY y
x �#[#PJGP } [JGEI "$ } [#PJGP j"D�G N$S"Gk y y

J+)2� D � ��!�"�#�� � $2�5��!-#�1+ B��,���C /3�2D 2�.
"�, :D,- )+*+#� !�:� ��!-)��+,�!�27 !�:� �� 52�!0+#�A S1!A.
0�  NGP � JGEI "$V� � � �D: +##�2 1!A0�  NGP 2�"#� )+*+,-
��!�"�#�� !����� #�"#��� 5�!+ � $2�5��!-#�1+ S#PDCD� H7 S7
�*� v � r 1�� *�#+,D h,��� 5�!+V � *!�#D ��� /,� �# SNDaG H7
SV� � h,�3 ��B�$3 �+ +2�, D v � r �� 52�!0+#�A )+*+A,/$ �
/�/,�2� 1�� *�#+, CPI!R S/2� ���7 /� ���V� H+� �2� 7

set colorbox horiz user origin .1, .02 size .8, .04

�!A0� [ITY � EP#�$ �� �*�!$A, �� $*�1 �)�: +"�#�$ B��.
,���C /3�2D �,#�/�,�!-#� � +4�1+� � �� ��2 /!50+� � +4�1
:5*�, #+1!+*D�+,-/$ #+ � $2�5��!-#�1 /3�2D7 + �� �,� �2 #+.
�:� �,�

� � �D: +##�2 1!A0� �#[#PJGP � $2�5��!-#�1 B��,���C
/3�2D :5*�, �)�: +"�# :�) �1+#,��1�� �!A0 [JGEI "$ �)#+0+.
�,7 0,� � +#�B+ � $2�5��!-#�1+ :5*�, �)�: +"�#+ !�#��C / �+.
 +2�, +2�7 � �#$,D2� �� 52�!0+#�A� H+!�0�� 1!A0+ [#PJGP
:�) �+ +2�, + ,+1"� �)#+0+�, �1+#,��15 �� 52�!0+#�A� L/!�
��/!� 1!A0+ [#PJGP 51+)+#� B�!�� 0�/!�7 ,� �1+#,��1+ :5*�,
,���2 !�#��7 /��,��,/,�5A9�C h,�25 0�/!5 S/2� �����7 /� �
�V�

���
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H+� �2� 7

set style line 2604 linetype − 1 linewidth 2
set colorbox border 2604

� h,�2 � �2� � � +#�B+ � $2�5��!-#�1+ :5*�, �)�: +"�#+ !�.
#��C ,��+ S.�V F� �#�C � S/2� B���!!A/, � ZV�

R��,��+$ /3�2+ 2�"�, :D,- /#+:"�#+ �/-A 1�� *�#+,� I#+
#+)D�+�,/$ T[� �!$ h,�C �/� *�C/,��,�!�# ,+1�C "� #+:� 1�.
2+#*7 1+1 � *!$ �:D0#D3 �/�C' T[PI�CG7 jMkT[$DTN7 E#PMI$ T[7
CPDJ jMk T[7 T["I[G"7 T[JI$I7 j�#kT[$DTN7 j�#kT[M$DTN S/2� 	7
/� ��V�

��2+#*+ NG$ T#"#P[#H :�) 51+)+#�$ 1!A0�C ��)� +9+�, �+.
 +2�, D B��,���C /3�2D 1 � �#$,D2 �� 52�!0+#�A�

��/2�, �,- #+ �+ +2�, D B��,���C /3�2D � �,2�#�,- �� �D.
��* 2�"#� / ��2�9-A 1�2+#* NR#A T#"#P[#H �  �NG$ T#"#P[#H�

Q�2 ����%���� F�0"��� LK1=

� � � �2�#�#�� F+:!�#+ !M%J 2�"#� �/��!-)��+,-  $* ��.
B�C7 1�,� D� )+*+A,/$ / ��2�9-A 1�2+#*D

NG$ !M%J x x I$ ^!#ND$D#�o y
x D�$GP!#"I$G ^N$G!Nh!#D�$N D� NTI�7 [G$AGG� NTI�No y
xNTI�NI $#MI$DT } NTI�NE#PAIPJ } NTI�N[ITYAIPJ }
JG!$R#PJGPy x � NR x [GCD� } TG�$GP } G�J y y
x E$PDI�C"GN } �#E$PDI�C"GN y x T"D!D� } T"D!*D� y
x T#P�GPN�T#"#P x MGI� } CG#MGI� } MGJDI�
} MD� } MIH } T } T� } T% } T* y y
x RDJJG�%J x ^"D�GN$S"Go y } �#RDJJG�%J y
x DM!"DTD$ } GH!"DTD$ y x MI! y y

e+*+#�� ��B�C *��5/1+�,/$ � !A:�2 �� $*1��
��1+)+,- )+*+##D� ��B�� F+:!�#+ !M%J � �� #5,-/$ 1 )+.

*+�+�2D2 �� 52�!0+#�A #+/, �C1+2 2�"#�7 �/��!-)��+� 1�.
2+#*D NR#A !M%J �  �NG$ !M%J�

6 +4�1 :5*�, �)�: +"�# � B��,�7 �/!� � � )+*+#�� F+:!�#+
!M%J :5*�, 51+)+#+ ��B�$ DM!"DTD$� H+� �2� 7 �:+ � +4�1+

��
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:5*5, B��,#D2� �  �)5!-,+,� �D��!#�#�$ 1�2+#*

set pm3d implicit
splot ′file1.dat′ with lines, ′file2.dat′ with lines

L/!� ��B�$ DM!"DTD$ #� :D!+ 5��2$#5,+ � � )+*+#�� F+:.
!�#+ !M%J �!� :D!+ $�#� )+*+#+ ��B�$ GH!"DTD$7 ,� *+##D�
�)�: +"+A,/$ #���/ �*/,��##� ,�2� F+:!�#+2�7 1�,� D� 51+.
)+#D � 1�2+#*� N!"#$� H+� �2� 7 �5/,- �D��!#�#+ �*#+ 1�2+#*+

N!"#$ KL"GBJI$K AD$R "D�GN7 KL"G�BJI$K AD$R !M%J

�  �)5!-,+,� �� �DC � +4�1 :5*�, �)�: +"�# F+:!�#�2 "D�GN 7
+ �,� �C % F+:!�#�2 !M%J�

�� 52�!0+#�A 5/,+#+�!��+�,/$ ��B�$ GH!"DTD$7 #� *!$ /��.
2�/,�2�/,� / � �*D*59�2� �� /�$2� �/��!-)��+#�� 1�2+#*D
NG$ !M%J :�) ��B�C �!� "� NG$ !M%J I$ \ B B B �� ���*�,
�;<=>?@ �  �"�2 DM!"DTD$� �� �+$ 1�2+#*+ �/,+�!$�, �/,+!-.
#D� #+/, �C1� � /�/,�$#�� g�� 52�!0+#�Ag�

L9� �*#+ ��)2�"#�/,- *!$ �)�: +"�#�$ *�/1 �,#D3 *+##D3
/ ��2�9-A F+:!�#+ !M%J � �*�/,+�!$�,/$ 1�2+#*�C NG$ N$S"G
JI$I !M%J � ��/!� �D��!#�#�$ h,�C 1�2+#*D �/� � +4�1�
�)�: +"+A,/$ F+:!�#�2 !M%J #�)+��/�2� �, ��B�C DM!"DTD$
�!� GH!"DTD$�

e+2�,�27 0,� � � �)�: +"�#�� #�/1�!-1�3 � +4�1�� � �*.
#�3 �/$3 1�� *�#+, 1+"*DC  �/5�,/$ /��!+/#� 1!A0+27 51+)+#.
#D2 � 1�2+#*#�C /, �1�� ��/1�!-15 �� �DC  �/5�,/$ /#+0+!+7
,� �,� �C7 �/!� �# )+1 +F�#7 2�"�, )+1 D�+,- 0+/,� �� ����
� ,�*� �!$ ,���7 0,�:D �):�"+,- �� �1 D,�C7 F+:!�# !M%J
�2��, ��)2�"#�/,-  �/��+,- � +4�1� � , �3  +)#D3 ��)�B�.
$3 S1!A0 ^!#ND$D#�oV' $#! % � ��*� B��,#�C � ��1B�� #+
�� 3#AA � +#- � $2�5��!-#��� �+ +!!�����*+7 /�*� "+9���
�)�: +"�#�� S/2� �����7 /� ��PV7 [#$$#M % ,� "�7 ,�!-1� #+
#�"#AA � +#-7 � N PEITG % � ��*� ���� 3#�/,�� E�1 +9�##+$
)+��/-' I$ x$y}x[y}xNy� H+� �2� 7 #+ B��,#�C �!!A/, +B�� YUU
S/� ��V �)�: +"�#  �)5!-,+, �D��!#�#�$ 1�2+#*�

������ �B

NG$ [#PJGP *0&.

���
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NG$ !M%J I$ N
N!"#$ 0rH AD$R !M%J I$ [7b
HrH5SrS7 HrHgSrS AD$R !M%J I$ $

���� 3#�/,-7 �)�: +"+�2+$ F+:!�#�2 !M%J7  +):��+�,/$
#+ 15/�01� � $2�5��!-#�C 4� 2D� I#�  �/5A,/$ � ,�2 ��.
 $*1�7 1�,� DC �� �*�!$�,/$ /�,1�C 5)!��7 )+*+A9�C ���� 3.
#�/,-� I, h,��� �� $*1+ )+��/�, ,�7 1+1�� 15/�01� :5*5, )+.
1 D�+,- * 5���� �!$ �)2�#�#�$ �� $*1+ �/��!-)5A, 1!A0�
NTI�NE#PAIPJ � NTI�N[ITYAIPJ� �� 52�!0+#�A �/��!-)5�,.
/$ 1!A0 NTI�NI $#MI$DT7 � � 1�,� �2 �;<=>?@ /+2 �D:� +�,
�� $*�1 �)�: +"�#�$ 15/�01�� ���� 3#�/,�� e+2�,�27 0,� h,�
1!A0� #� /��/�2 /��2�/,�2D / +!�� �,2�2 5*+!�#�$ #���*�2D3
0+/,�C ���� 3#�/,��

L/!� *�+ ��/!�*��+,�!-#D3 / �)+ #� �2�A,  +�#��� 0�/!+
5)!��7 ,� � h,�2 /!50+� , �:5�,/$ �� �*�!�,- / 1+1��� 1�#.
B+ /!�*5�, #+0�#+,- 5�� $*�0��+,- 5)!D' �, #+0+!+ / �)��
� NR [GCD�7 �, �3 1�#B+ � NR G�J �!� �, �3 B�#, + � NR
TG�$GP� e+2�,�27 0,� ��B�� � NR [GCD�}G�J #�/��2�/,�2D /
1!A0�2 NTI�NI $#MI$DT� L/!� �#� :D!� �D: +#D7 ,� 1!A0
NTI�NI $#MI$DT +�,�2+,�0�/1� )+2�#$�,/$ #+ NTI�NE#PAIPJ�

L/!� *�+ ��/!�*��+,�!-#D3 / �)+ �2�A,  +)#�� 0�/!� 5)!��7
,� ��B�$ E$PDI�C"GN ��)��!$�, �� �*�!�,- #5"#� !� #+ 1�#B�
/ �)+  �/��+,- B��,#�C , �5��!-#�1� j,� ��)��!$�, *�:��+,-/$
�!+*1�/,� � +#�BD ���� 3#�/,��

�!$ �� #��� �)�: +"�#�$ B��,#D3 ���� 3#�/,�C F+:!�#�2
!M%J  �1�2�#*5�,/$ )+*+�+,- /!�*5A9�C  �"�2

NG$ !M%J JG!$R#PJGP RDJJG�%J

e*�/- ��B�$ JG!$R#PJGP �� #�  +/��!+�+�, #�� �) +0#D�
15/�01� ���� 3#�/,�7 + RDJJG�%J 5*+!$�, � +#�0#D� !�#��
h,�3 15/�01�� S�/!� �#�  �/5A,/$V� I,2�,�27 0,� 1�2+#*+ NG$
RDJJG�%J #� *�C/,�5�, *!$ !M%J.���� 3#�/,�C�

� � )+*+##�C ��B�� D�$GP!#"I$G M7 � �;<=>?@ /, ��, ��.
�� 3#�/,- #+ :�!�� 2�!1�C /�,1�7 � �2�#$$ �#,� ��!$B�A� �!$
*�/1 �,#D3 *+##D3 h,� � ���*�, 1 :�!�� �!+*1�25 �� �3�*5

��
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B��,�� � �D*�!�#�A �/, D3 �D/,5���� � /!50+� )+*+#�$ ���� 3.
#�/,� 4� 25!�C h,� #� �2��, :�!-F��� /2D/!+7  +)�� 0,� ��)��.
!$�, :�!�� +115 +,#�  +/3�*��+,- �+2$,-� � h,�2 /!50+� :�!��
B�!�/��: +)#� ��/��!-)��+,-/$ ��B�$2� NIM!"GN � DN#NIM!"GN�
�!$ ��!�"�,�!-#D3 M � � 1+"*DC 15/�0�1 ���� 3#�/,� * �.
:�,/$ #+ � � ; 0+/,�C �� 1+"*�C 1�� *�#+,� /��,��,/,��##��
�!$ �, �B+,�!-#D3 )#+0�#�C M � � �#,� ��!$B��##+$ ��/!�.
*��+,�!-#�/,- �D:� +�,/$ ,+17 0,� :5*�, �/��!-)��+#� �� 2�#-.
F�C 2� � }M} � }�} ,�0�1 �� 1+"*�25 #+� +�!�#�A� ��2+#*+

D�$GP!#"I$G 07 0

+�,�2+,�0�/1� �D:� �, ��,�2+!-#�� 0�/!�  +):��#�C�
� 1+0�/,�� ��*,�� "*�#�$ /1+)+##��� � ���*�2 �)�: +"�.

#�� �+ +:�!��*+ SB���!!A/, � YUUUV7 *!$ 1�,� ��� :D!� �/��!-.
)��+#� :�!-F�� 1�!�0�/,�� �)�!�#�C S�� � *!$ 1+"*�C ��.
 �2�##�CV� �  �)5!-,+,� � ��+*+�, g!�/15,#�/,-g �)�: +"�#�$7
1�,� +$ : �/+!+/- � �!+)+ #+ B��,#�C �!!A/, +B�� YU S/� ��V�

�!A0� T"D!D� � T"D!*D� 5/,+#+�!��+A, /��/�: �: �)+#�$
1 +$ ���� 3#�/,�� � � )+*+##�2 T"D!D� � +#�0#DC 15/�0�1
�1!A0+�,/$ � �)�: +"�#��7 �/!� 3�,$ :D �*#+ �) 5�!��D3 ,�0�1
���+*+�, � )+*+##5A �:!+/,- �)2�#�#�$ #�)+��/�2D3 �� �2�#.
#D3� � � 1!A0� T"D!*D� 5/!���� �1!A0�#�$ % ���+*+#�� �/�3
0�,D �3 ,�0�1 � �:!+/,-�

M+/,� *!$ �!!A/, +B�� ��!50�##D3 0�/!�##D3  �)5!-,+,��
, �:5�,/$ #+ �/��+,- B��,#5A � ��1B�A #+ �!�/1�/,- Y\ , �3.
2� #�C ���� 3#�/,�� � ���*�2 *!$ � �2� + 1�2+#*D7 1�,� D�
�)�: +"+A, ,+15A � ��1B�A � /!50+� �+ +:�!��*+7 )+*+##���
#+ �*�#�0#�2 1 5���

������ �B�

NG$ lDGA %)07 ��0 x e+*+#��  +15 /+ �:)� +�
x �/,+#���,- �*�#+1��DC 2+/F,+: �� �/$2 Y � \�
NG$ lDGA GF I" HS
x e+*+#�� B��,���C /3�2D�
NG$ T#"#P[#H R#PDa#�$I"  NGP #PDCD� B%7 B� NDaG B*7 B0*
NG$ T[$DTN 07 0B�7  x e+*+,- *�!�#�$ #+ B��,���C /3�2��
NG$ DN#NIM!"GN 0007 000 x e+*+,- 0�/!� �)�!�#�C�

���
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NG$ [#PJGP . x e+*+#�� � +#�B �)�: +"�#�$�
 �NG$ a$DTN x �*+!�,- ��*��/� *�!�#�C �/� ��
EVH7SWUVHrHgSrS^UW_HrHgSrS`h0
N!"#$ j5B`Bk j5B`Bk EVH7SW AD$R !M%J I$ [ $D$"G XaUHrHgSrSX

J�)5!-,+, �3 �D��!#�#�$ 2�"#� ��*�,- #+ B��,#�C �!!A.
/, +B�� YUZ S/� ���V�

Q�3 )�"��%�

�B.B <������ �������

�+!�, + $�!$�,/$ 3 +#�!�9�2 �/��!-)5�2D3 B��,�� � F+:!�#�
!M%J7 1�,� DC � �2�#$�,/$ *!$ B��,#��� �)�: +"�#�$ ���� 3.
#�/,�C7 1�#,5 ��7 ��/,�� +22 � * 5��3 �:G�1,��7 �*� �+"#D
�!+�#D� �� �3�*D B��,+� e+*+#�� �+!�, D �/59�/,�!$�,/$ 1�.
2+#*�C

NG$ !I"G$$G x x CPIS } T#"#P y x CIMMI ^CIMMIo y
x PC[E#PM "IG ^Po7 ^Co7 ^[o } JGL�GJ
x V ^CPISo ^T#"#Po x7 ^CPISQo ^T#"#PQo y
B B B W y } L"G K^L"G�IMGoK x JI$IL"G5M#JDLGPN y
} E �T$D#�N ^mo7 ^�o7 ^�o y
x T [GRG"DH x N$IP$ ^lI"o y xTST"GN ^lI"o y
x NI$ PI$D#� ^lI"o y y
M#JG" x m�� } n|d } �{p } p�� } \ps y y
x!#ND$DlG } �GCI$DlG y x �#!NOI""T� } !NOI""T� y
x MIHT#"#PN ^MIHT#"#PNo y y

��2+#*+ NG$ !I"G$$G :�) ��B�C 5/,+#+�!��+�, B��,+ �+!�,.
 D7 )+*+�+�2D� �� 52�!0+#�A� ��2+#*+ NR#A !I"G$$G ��1+)D.
�+�, �+ +2�, D *�C/,�5A9�C �+!�, D� ��2+#*+ NR#A !I"G$$G
CPIJDG�$ ��1+)D�+�, � +*��#,7 �� �*�!$A9�C �+!�, 57 1��*+
�# )+*+#�

��2+#*+ NR#A !I"G$$G !I"G$$G ^�o �D��*�, ,+:!�B5 [�d.
, ��1 *!$ )+*+##�C �+!�, D7 �2�A9�C �;� *�/1 �,#D3 B��,���
�� 52�!0+#�A ,+:!�B+ /�*� "�, � 1�!�#1� 0�/�! �) �, �)1+

���
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z7 �{ �!� B�!D3 0�/�! �) *�+�+)�#+ z7 �		{ � )+��/�2�/,� �,
,���7 1+1�C 1!A0 :D! )+*+# �#I$ �!� D�$GCGP�

�/� �)�: +"+2D� �:G�1,D 2��5, :D,- 1+1 B��,#D�7 ,+1 �
0� #�.:�!D�7 �*� B��,+ �,!�0+A,/$ �,,�#1+2� /� ���� I�B�$
CPIS �� �1!A0+�, �+!�, 5 � 0� #�.:�!DC  �"�2� ��2+#*+

NG$ !I"G$$G T#"#P

��)� +9+�,  �"�2 � �2�#�#�$ ��/!�*#�C �) �/��!-)��+�F�3/$
B��,#D3 �+!�, �

L/!� �/��!-)5�,/$ F+:!�# !M%J7 ,� �,,�#�1 /� ��� *!$
1+"*��� 2+!�#-1��� � $2�5��!-#��� 15/�01+ ���� 3#�/,� ��.
!50+�,/$ �/ �*#�#��2 ��� 1�� *�#+, �� �/� � � ��/!�*5A9�2
�� �*�!�#��2 �,,�#1+7 �/3�*$ �) 4� 25!D �� ���*+ �, �)1+
[zmin, zmax] � �, �)�1 z7 �{7 /�/,�$9�C �) � +*+B�C /� D3 ,�.
#��� k+1�2 �: +)�2 ��!50+A,/$ 1+ ,D �,,�#1�� /� ���� �!$
,���7 0,�:D ��!50�,- B��,#5A 1+ ,57 �/��!-)5�,/$ � �#$,DC
)+1�#7 �� ���*$9�C 1+ ,5 /� D3 ,�#�� � B��,#5A

j07 k → Vj07 k7 j07 k7 j07 kW

e+1�# �� ���*+ )+*+�,/$ !�:� +#+!�,�0�/1�C 4� 25!�C7 !�:�
*�/1 �,#�C ,+:!�B�C /��,��,/,��$ / ��/!�*5A9�C �#,� ��!$.
B��C�

I�B�� PC[E#PM "IG7 E �T$D#�N � T [GRG"DH �� �*�!$A,
45#1B��#+!-#DC /��/�: )+*+#�$ B��,���C 1+ ,D7 + JGL�GJ �
L"G h,� *�!+A, 0� �) *�/1 �,#D� ,+:!�BD�

&#���� ,� 2�#+!D ��**� "��+A, ,�!-1� *�/1 �,#�� 0�/!�
B��,�� S*!$ :�!-F�#/,�+ h,� 0�/!�  +�#� �	PV� ��/!� �� �*�.
!�#�$ B��,�� �� 52�!0+#�A !�F#�� �,,�#1� �/��!-)��+,-/$ #�
:5*5,� ��h,�25 �  $*� /!50+�� � � �/��!-)��+#�� #�/1�!-1�3
�+!�, ��)2�"#D �F�:1� � � �)�: +"�#��� � h,�2 /!50+� ��.
!�)#�C 1�2+#*�C �1+)D�+�,/$

NG$ !I"G$$G MaHT#"#P ^Qo

j,+ 1�2+#*+ *�!�, #�� � D�#DC B��,���C /��1, #+ � *�/1 �,.
#D3 �#,� �+!��� ��/!� 0��� �) 1+"*��� �#,� �+!+ �D:� +�,/$
/��C B��,7 1�,� DC � :5*�, �/��!-)��+# *!$ �)�: +"�#�$� L/!�

���
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*�!�#�� #+ �#,� �+!D #5"#� /*�!+,- #� +�#�2� #D27 ,� /!�*5.
�, �/��!-)��+,- 1�2+#*5

NG$ !I"G$$G JGL�GJ

� �+!�, � *��5/1+�,/$ �/��!-)��+#��  +)!�0#D3 B��,��D3
2�*�!�C�
�� m�� Swut7 pwuu;7 �><uV % 1 +/#DC7 )�!�#DC7 /�#�C % +**�.
,��#+$ B��,��+$ 2�*�!-7 �/��!-)5�2+$ � :�!-F�#/,�� B��,��D3
+��+ +,#D3  �F�#�C7 �1!A0+$ 2�#�,� D�
�� n|d S}<u7 �s@<ws@�?;7 os><uV % ,�#7 #+/D9�##�/,-7 )#+0�#��
% 2�*�!- $�!$�,/$ #�!�#�C#D2 � ��: +)��+#��2 [�d 2�*�!��
M+/,� h,5 2�*�!- �/��!-)5A, 35*�"#�1�7 ��,�25 0,� �#� /0�.
,+A,7 0,� 5/, �C/,�� ]TZ :!�"� 1 0�!���0�/1�25 ��/� �$,�A
B��,���
�� �{p SNrs;7 �spu;@s7 ru>>?�V % ��!5:�C7 �5 �5 #DC7 "�!.
,DC % /5:/, +1,#+$ /3�2+ 4� 2� ��+#�$ B��,+7 �/��!-)5�2+$
� �"*� �/��� � ��!�� +4�� *!$ /,+#*+ ,#�C , �+*#�C ��0+,��
�� p�� % B��,��+$ 2�*�!-7 � 1�,� �C B��, � �*/,+�!$�,/$ 1+1
, � 1�2��#�#,D' $ 1�/,- S\V � *�+ �/15//,��##D3 B��,� +).
#�/,#D3 /��#+!+ SU � �V� E��#+! U #+)D�+�,/$ /�#4+)#D27 � .
1�+* +,5 #D2� &�*�!- � �2�#$�,/$ � ,�!���9+#�� �� /,+#*+ .
,+2 c.��Ta � c.�b�7 �*� ��!�/+ 0+/,�, ��*��/��#+!+ )+2�,#�
2�#-F�7 0�2 � * 5��3 ,�!���)��##D3 /,+#*+ ,+3�
	� \ps % !�#�C#+$ , �31�2��#�#,#+$ B��,��+$ 2�*�!-7 �/#�.
�+##+$ #+ �/��!-)��+#�� , �3 �/#��#D3 B��,�� [�d7 ��!50�#+
#+ �/#��� 5/ �*#�#�$ /,+,�/,�0�/1�3  �)5!-,+,�� B��,���C 05�.
/,��,�!-#�/,� 3+ +1,� �/,�1 0�!���0�/1��� �!+)+�

� � �/��!-)��+#�� B��,���C 2�*�!�7 �,!�0#�C �, [�d7 /!�.
*5�, �/��!-)��+,- 1�2+#*5 NG$ !I"G$$G JGL�GJ *!$ �� �*�!�.
#�$ ,+:!�B B�,��D3 �,,�#1�� *!$ *�/,�"�#�$ !50F���  �)5!-.
,+,+� �/� )#+0�#�$ �+ +2�, + lI" GN �� +#�0�#D �, �)1�2 z7 �{�

�B.B� m��5-���8��

� � �D:� � ��B�� PC[E#PM "IG , �:5�,/$ )+*+,- , � 4� 25.
!D7 1�,� D� :5*5, �� �*�!$,- *!$ 1+"*�C ,�01� )#+0�#�$ , �3
B��,�� [�d �� �,#�/�,�!-#�25 ��!�"�#�A uu 1�� *�#+,D ~ #+

���
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*�+�+)�#� [zmin, zmax]� �+"*+$ 4� 25!+ )+*+�,/$ �� #�2� �2
� /��/1� *�/,5�#D3 4� 25!� �/��� �3 ��� H�2� + #+0�#+A,/$ /
#5!$ � )+1+#0��+A,/$ �P.D2� L/!� �� �* #�2� �2 /,��, )#+1 y.y7
,� h,� �)#+0+�, �#�� ,� ��+#�� B��,���C 1�2��#�#,D� k�2 /+.
2D2 � 1�2+#*� NG$ !M%J PC[E#PM "IG �+ +2�, D 2��5, �2�,-
)#+0�#�$ �, .�P *� �P�

��2+#*+
show palette rgbformulae

�D��*�, /��/�1 *�/,5�#D3 4� 25! �� ���*+ /� �C �+!�, D �
B��,#5A'

� 0. �� 0.5 �� 1.
�� x �� x2 	� x3

P� x4 ��
√
x 
� 4

√
x

�� sin(90x) �� cos(90x) ��� |x− 0.5|
��� (2x− 1)2 ��� sin(180x) ��� |cos(180x)|
�	� sin(360x)| �P� cos(360x) ��� |sin(360x)|
�
� |cos(360x)| ��� |sin(720x)| �� |cos(720x)|
��� 3x ��� 3x− 1 ��� 3x− 2
��� |3x− 1| �	� |3x− 2| �P� (3x− 1)/2
��� (3x− 2)/2 �
� |(3x− 1)/2| ��� |(3x− 2)/2|
�� x/0.32− 0.78125 ��� 2x− 0.84
��� 4x; 1; −2x+ 1.84; x/0.08− 11.5 ��� |2x− 0.5|
��� 2x �	� 2x− 0.5 �P� 2x− 1

� ���*�2 � �2� D #+�:�!�� 0+/,� �/��!-)5�2D3 /3�2 ��B��
PC[E#PM "IG S/2� B���!!A/, � UYV'

�7 .7 . % , +*�B��##+$ =��t /3�2+
S0� #�./�#�.1 +/#�."�!,+$V7

%7 7 ) % )�!�#�.1 +/#�.4��!�,��+$7
�%7 �
7 % % �1�+#�0�/1+$ S)�!�#�./�#�.:�!+$V7
�7 ��7 �% % ,��!��+$ S0� #�.1 +/#�."�!,�.:�!+$V7
%07 %7 %� % B��,#+$ #+ /� �2 4�#�

S0� #�./�#�.4��!�,���."�!,�.:�!+$V7
%%7 %7 0 % B��,��  +*5�� S/�#�.)�!�#�."�!,�.1 +/#+$V7
%*7 %.7 %) % 0� #�.1 +/#�."�!,�.:�!+$�

��	
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e+*+#�� PC[E#PM "IG ��)��!$�, 2�#�2�)� ��+,-  +)2� ��.
!50+A9���/$ 4+C!+7 /�*� "+9��� �)�: +"�#��� ��h,�25 / B�.
!-A 2�#�2�)+B�� �D3�*#D3 4+C!��  �1�2�#*5�,/$ *!$ �/�.
:D3 ��!-)��+,�!-/1�3 �+!�, ��*:� +,- ��*3�*$95A [�d.
4� 25!5 / ��2�9-A 1�2+#*D

NG$ !I"G$$G L$�PC[E#PM "IG

�B.B% Z8��>��7 ����@��� ������8

I�B�$ E �T$D#�N ^mo7 ^�o7 ^�o ��)��!$�, )+*+�+,- /���
45#1B�� *!$ �� �*�!�#�$ , �3 B��,�� S1 +/#���7 )�!�#��� � /�.
#���V � )+��/�2�/,� �, �+ +2�, + CPIS� I:!+/,-A �� �*�!�#�$
� �:!+/,-A )#+0�#�C h,�3 45#1B�C $�!$�,/$ �, �)�1 [0, 1]�

e+2�,�27 0,� � /!50+� �D:� +n|d B��,���C 2�*�!�7 �� �+$
45#1B�$ �� �*�!$�, ,�# �+!�, D� H+� �2� 7

NG$ !I"G$$G M#JG" n|d E �T$D#�N CPIS7 7 

� 5��2 � �2� �2 �/��!-)��+#�$ ��B�� E �T$D#�N /!5"�,
0� #�.)�!�,�/,+$ \ps B��,��+$ 2�*�!-

NG$ !I"G$$G M#JG" \ps E �T$D#�N b
CPISrr0B%.7 CPISrr0B.7 CPISrr0B


�B.B* 4	���	�� ������

I�B�$
T [GRG"DH xN$IP$ ^lI"oyxTST"GN ^lI"oyxNI$ PI$D#� ^lI"oy

��)��!$�, )+*+�+,- /�2�C/,�� �+!�, � R��, S,�#V h,�3 �+!�, 
�� �*�!$�,/$ B�1!�0�/1� / ��2�9-A /,+#*+ ,#��� B��,�����
1�!�/+ z�{7 � ,� � �2$ 1+1 �#,�#/��#�/,- #+ +/,+�, 2�#�,�##�
� )+��/�2�/,� �, )#+0�#�$ �� �2�##�C CPIS7 1�,� �� � �#+*!�.
"+, �, �)15 [0, 1]�

�!A0 N$IP$ )+*+�, #+0+!-#5A ,�015 #+ B��,���2 1�!�/� �
 +*�+#+3� �!A0 TST"GN �� �*�!$�, /1�!-1�  +) B��,���� 1�.
!�/� 51!+*D�+�,/$ *�+�+)�# �+!�, D� L/!� )#+0�#�$ 1!A0+

��P
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NI$ PI$D#� S#+/D9�##�/,-V :�!-F� �*�#�BD7 ,� h,� 2�"�, � �.
��*�,- 1 �: �)+#�A �,*�!-#D3 [�d.1�2��#�#, � *�!+,-  �/,
�#,�#/��#�/,� #�2�#�,�##D2� E��C/,�+ T [GRG"DH.�+!�, D )+.
��/$, �, �+ +2�, + CIMMI S/2� ��	�	7 /� ���V� �� 52�!0+#�A
/0�,+A,/$ )+*+##D2� /!�*5A9�� )#+0�#�$' N$IP$ � �	7 TST"GN
� .��	7 NI$ PI$D#� � �7 CIMMI � ��	�

�B.B. γ5����������	��

��,�2+,�0�/1+$ γ.1�  �1,� ��1+7 )+*+�+�2+$ 1�2+#*�C

NG$ !I"G$$G CIMMI ^CIMMIo

2�"�, :D,- � �2�#�#+ 1 0� #�.:�!D2 �+!�, +2 �!� T [GRG"DH.
�+!�, �� ��!�0�#+ �+ +2�, +^CIMMIo �� �*�!$�, )+1�# ��.
 �2�#D B��,�� �� /!�*5A9�25 � +��!5

color(gray) = gray ∗ ∗(1./gamma)
set palette model RGB\
functions color(gray), color(gray), color(gray)

H+� �2� 7 �/!� CIMMIU7 ,� � h,�2 /!50+� :5*�, )+*+#
!�#�C#DC )+1�# �)2�#�#�$ B��,+ � �+!�, �� � �2� D 0� #�.
:�!D3 �+!�, 7 /�)*+##D3 /  +)!�0#D2� CIMMI7 � ���*�#D #+
 �/5#1� ���

�B.B) ���������� ������� �������

��)2�"#� *�/1 �,#�� )+*+#�� �+!�, D� �!$ h,��� )+*+�,/$
F1+!+ � +*��#,+ �+!�, D7 ��)��!$A9+$ �� )#+0�#�$2 �� �2�#.
#�C CPIS �� �*�!$,- )#+0�#�$ m��.B��,��'

set palette defined \
{(< gray1 >< color1 > {, < grayN >< colorN >} . . .)}
I:!+/,$2� �)2�#�#�$ #�)+��/�2�C �� �2�##�C � �/�3 , �3

)+��/�2D3 /!5"�, �, �)�1 [0, 1]� �  �)5!-,+,� �� �*�!$A,/$ 5).
!D7 2�"*5 1�,� D2� *!$ ��/, ��#�$ 45#1B�C7 )+*+A9�3 �/�
, � [�d.B��,+7 � ���*�,/$ !�#�C#+$ �#,� ��!$B�$� �+ +2�, 
^T#"#Po 2�"�, :D,- �� �*�!�# , �2$  +)#D2� /��/�:+2�

���
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J�/� ��' � �2� D 0� #�.:�!D3 �+!�, /  +)!�0#D2� CIMMI

^T#"#Po `U x ^Po ^Co ^[o } K^T#"#P5�IMGoK }
K�PPCC[[K y

L/!� )#+0�#�$ [�d.B��,�� �� �*�!$A,/$ 0�/!+2� �) �, �).
1+ [0, 1]7 ,� �#�  +)*�!$A,/$ � �:�!+2�� L/!� "� �/��!-)5A,.
/$ #+)�+#�$ B��,��7 ,� 1+"*�� �) #�3 )+1!A0+A, � 1+�D01��
H�2� [�d.B��,+ ,+1"� )+1!A0+A, � 1+�D01�� e#+0�#�$ �+.
 +2�, + ^CPISo *�!"#D :D,- ��/!�*��+,�!-#�/,-A *�C/,��.
,�!-#D3 0�/�!7 1�,� D� +�,�2+,�0�/1� 2+/F,+:� 5A,/$ #+ �,.
 �)�1 [0, 1]�

��2+#*+ NG$ !I"G$$G JGL�GJ :�) ��B�C 5/,+#+�!��+�, /,+#.
*+ ,#5A [�d.�+!�, 5 / ��!#D2 /��1, �2 B��,���

������� S/2� B���!!A/, � YV�
�� � �/,+$ 0� #�.:�!+$ �+!�, + h1���+!�#,#+ /!�*5A9�2 1�.
2+#*+2

set palette model RGB
set palette defined ( 0 ′′black′′, 1 ′′white′′ )

�� �!$ /�)*+#�$ /�#�."�!,�.1 +/#�C �+!�, D /!�*5A9�� 1�.

��
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2+#*D h1���+!�#,#D'

set palette defined ( 0 ′′blue′′, 1 ′′yellow′′, 2 ′′red′′ )
set palette defined ( 0 0 0 1, 1 1 1 0, 2 1 0 0 )
set palette defined ( 0 ”#0000ff 1 ”#ffff00 2 ”#ff0000” )

�� �!$ /�)*+#�$ �+!�, D B��,��  +*5�� 2�"#� �D��!#�,- 1�.
2+#*5

NG$ !I"G$$G JGL�GJ V0 X[" GX7 % XCPGG�X7 ) XSG""#AX7 0 XPGJXW

�� � /!50+� n|d B��,���C 2�*�!� *!$ /�)*+#�$ /��1, +!-#�C
�+!�, D �/��!-)5A,/$ /!�*5A9�� 1�2+#*D'

NG$ !I"G$$G M#JG" n|d

NG$ !I"G$$G JGL�GJ V0 0  7     W
NG$ !I"G$$G JGL�GJ b
V0 0  07  0  7 ) 0B
%%%  7 � 0B
%%% 0 W

	� � �+1�,� cb��bd �� 52�!0+#�A �/��!-)5�,/$ /!�*5A9+$
�+!�, +'

NG$ !I" JGL�GJ V  K�0000
EK7 
 K�0000eK7 �* K�00eeK b
*0 K�ee00K7 .) K�e0000K7 )* K�
00000K W

P� �+!�, + /  +�#�2� #�. +)#�/�##D2� B��,+2� 2�"�, :D,-
/�)*+#+ 1�2+#*+2�'

set palette model RGB maxcolors 4
set palette defined ( 0 ′′yellow′′, 1 ′′red′′ )

�� �+!�, + g!50 /��,+g / ,�01+2� � �!�2!�#�$ #+ �,#�/�,�!-.
#D3 �D/�,+3 ��� � ��� /�)*+�,/$ 1�2+#*+2�'

NG$ !I"G$$G M#JG" m��
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�/� )+��*�##D� #+ 2�2�#, )+� �/+ #+*��/��

e+*+#�� �+ +2�, +^!#ND$D#�o )+*+�, 1�� *�#+,D #+*��/�
#+ �)�: +"�#�� S/2� ���7 /� ���V�

e#+0�#�� �+ +2�, + ^$ICo % B�!�� 0�/!�7 �/��!-)5�2��
1+1 �*�#,�4�1+,� #+*��/�� �+ +2�, ^$ICo )+*+�,/$ +�,�.
2+,�0�/1�7 �/!� �# ��59�# � � )+*+#�� "I[G"� �!$ �)2�#�#�$
!A:��� +, �:5,+ #+*��/� *�/,+,�0#� �/��!-)��+,- 1�2+#*5 NG$
"I[G" / 51+)+#��2 �� ^$ICo � #��D3 )#+0�#�C 2�#$�2D3 �+ +.
2�, ���

k�1/, #+*��/� ^"I[G"O$GH$o 2�"�, :D,- /, �1�C /�2.
��!��7 /�2��!-#�C �� �2�##�C �!� /�2��!-#�C �� �2�##�C /
�1!A0�#��2 0�/!��D3 �D +"�#�C S/2� ��	��7 /� ��V� �� 52�!.
0+#�A ,�1/, #+*��/�  +/��!+�+�,/$ /!��+ �, 51+)+##�C ,�01�7
�� �*�!$�2�C �+ +2�, �2 ^!#ND$D#�o� ��)2�"#� $�#�� )+*+.
#�� ��!�"�#�$ #+*��/� �,#�/�,�!-#� ^!#ND$D#�o )+*+#��2
)#+0�#�$ ��B�� "GE$7 PDCR$ �!� TG�$GP�

H+*��/-  �/5�,/$ �� ,�1+!-#�7 �/!� )+*+#+ ��B�$ P#$I$G�
� � )+*+#�� �+ +2�, +^JGCPGGNo #+*��/- ���� +0��+�,/$ #+
/��,��,/,�5A9�C 5��!�

�1+)+#�� ��B�� E#�$ )+*+�, ,�� F �4,+ � ���  +)2� 7 1�,�.
 D2� �D��*�,/$ #+*��/-� I�B�$ $GH$T#"#P /!5"�, *!$ �D:� +
B��,+ #+*��/� S/2� �����7 /� �
�V�

�+ +2�, +2� ��B�� !#D�$N$S"G 2��5, /!5"�,- "$7 !$ � !N�
j,+ ��B�$ )+*+�, ,�015 5 #+*��/�� � � )+*+##�2 )#+0�#��
�#!#D�$ ,�01+ 5 #+*��/� #�  �/5�,/$�

������� )+*+#�$ #+*��/�C�
�� e+*+,- #+*��/- gr�vg � ,�01� / 1�� *�#+,+2� S�7�V

NG$ "I[G" XSUHX I$ 7�

�� e+*+,- #+*��/- � ��*� :51�D T�p�s  +)2� �2 �� � B�#, �
�1#+

NG$ "I[G" X|X I$ CPI!R 0B.70B. TG�$GP E#�$ X|SM[#"7 �*X

�� e+*+,- #+*��/- gr�v�vg7 /!��+ �, ,�01� S�7�7�V � #�2� �2 �
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� �;<=>?@ �/,- ��)2�"#�/,- *�:+�!$,- #+ �)�: +"�#��  +)!�0.
#D� /, �!1�7 1�,� D� � 0+/,#�/,� ��)��!$A, ��)5+!-#� /�$)+,-
*���!#�,�!-#5A #+*��/- / ,�01�C �!� 50+/,1�2 1 ���C �!� ��.
�� 3#�/,�� ��2+#*+7 ��)��!$A9+$ h,� *�!+,-7 �2��, 4� 2+,'

NG$ IPP#A x^$ICoy x EP#M ^!#ND$D#�o y
x $# } P$# ^!#ND$D#�oy
x xIPP#AN$S"G } IN ^IPP#AON$S"Goy
} x x�#RGIJ } RGIJ } [ITYRGIJ } RGIJN y
x NDaG ^"G�C$Ro7 ^I�C"Go x7^[ITYI�C"Goyy
xL""GJ } GM!$S } �#L""GJ y
x EP#�$ } [ITY y
x x "D�GN$S"G } "N ^"D�GON$S"Goy
} x "D�G$S!G } "$ ^"D�GO$S!Go y
x "D�GADJ$R } "A ^"D�GOADJ$Ro y y y y

�!$ 5*�:/,�+  +:�,D /� /, �!1+2� � �*5/2�, �#D �9� *��
1�2+#*D'

unset arrow {< tag >}
show arrow {< tag >}

�� �+$ �,2�#$�, /, �!15 / �2�#�2^$ICo7 + �,� +$ ��1+)D�+�,
�+ +2�, D 51+)+##�C /, �!1�� (/��!-)��+#�� h,�3 1�2+#* :�)
��B�� �2�#� /, �!1� � ���*�, 1 5*+!�#�A �/�3 �/��!-)5�2D3
/, �!�1 �!� 1 ��1+)5 �+ +2�, �� �/�3 /, �!�1�

� �/���#�� /, �!1� �2�#� ^$ICo ��)��!$�, 5*+!$,- �!�
�)2�#$,- �� �+ +2�, D �� 3�*5 /�)*+#�$ �)�: +"�#�$� J�*+1.
,� ��+#�� /, �!1� �/59�/,�!$�,/$ ���,� #D2 �D)���2 1�2+#.
*D NG$ IPP#A / 1�#1 �,#D2 �2�#�2^$ICo � 51+)+#��2 #��D3
)#+0�#�C �)2�#$�2D3 �+ +2�, ���

e+*+#�� )#+0�#�$ �+ +2�, ��^!#ND$D#�o ��)��!$�, )+*+,-
1�� *�#+,D #+0+!+ � 1�#B+ /, �!1� #+ �)�: +"�#�� S/2� ���7
/� ���V�

e#+0�#�� �#RGIJ �)#+0+�,7 0,� /, �!1+ :5*�, :�) g#+1�#�0.
#�1+g % � �/,� �, �)1�2� j,� � �*�/,+�!$�, �9� �*#5 ��)2�".
#�/,- #+ �/��+,- #5"#DC �, �)�1� �� 52�!0+#�A /, �!1+ �2�.
�, g#+1�#�0#�1g� e+*+#�� )#+0�#�$ [ITYRGIJ �)#+0+�,7 0,� g#+.
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1�#�0#�1g :5*�, #+ �/��+# #+ 1�#B�7 �:�)#+0�##�2 1+1 #+0+!�
/, �!1�� gH+1�#�0#�1�g :5*5, #+ �:��3 1�#B+37 �/!� )+*+#� )#+.
0�#�� RGIJN�

�+ +2�, D ^"G�C$Ro7 ^I�C"Go � ^[ITYI�C"Go �� �*�.
!$A,  +)2� g#+1�#�0#�1+g'^"G�C$Ro % *!�#+ /,� �# �/, �$7
+ ^I�C"Go % 5��!7 )+*+##DC � � +*5/+3 � �� �*�!$A9�C )+.
�/, �##�/,- g#+1�#�0#�1+g� �+ +2�, ^[ITYI�C"Go )+*+�,/$
,�!-1� � /!50+� )+*+#�$ ��B�C L""GJ �!� GM!$S� L�� )#+0�#��
h,� 5��!7 )+*+##DC � � +*5/+37 5 )+*#��� g#+1�#�0#�1+g /, �!1��
L/,- �� ����D� )#+0�#�$ h,��� 5�!+� �� 70o g#+1�#�0#�1g �2��,
�*#� #+� +�!�#��7 + �/!� :�!-F� 110o7 ,� * 5���� L/!� "� )+.
*+#� )#+0�#�� 2�"*5 70o � 110o7 ,� ��!50+�,/$ � �/,� �, �)�1
:�) g#+1�#�0#�1+g�

e+*+#�� ��B�� L""GJ � ���*�, 1 )+1 +F��+#�A g#+1�#�0#�.
1+g� e#+0�#�$ �+ +2�, �� /,�!$ !�#�� )+*+A,/$ ,+17 1+1 h,�
���/+#� �  +)*�!� ������

� � )+*+#�� ��B�� EP#�$ /, �!1+  �/5�,/$ ���� 3 � +4�1+7
+ )+*+#�� [ITY S)+*+�,/$ �� 52�!0+#�AV � ���*�, 1 ,�257 0,�
� +4�1 #+1!+*D�+�,/$ #+ /, �!15� � ��/!�*#�2 /!50+� � +4�1
2�"�, /� -�)#� )+, 5*#�,- ��#�2+#�� ,���7 15*+ #+� +�!�#+
/, �!1+� I/�:�##�7 �/!� � +4�1 h,� )+1 +F�##+$ ���� 3#�/,-�

�������B
�� H+ �/��+,- /, �!15 �) #+0+!+ 1�� *�#+, � ,�015 S�7�V /,�!�27
)+*+##D2 ��!-)��+,�!�27 ��* #�2� �2 	

NG$ IPP#A $# 7� "N .

�� H+ �/��+,- /, �!15 / �2�#�2 � �) #�"#�C !���C ,�01� �1#+
� ,�015 S.	7 	7 �V

NG$ IPP#A % EP#M CPI!R 070 $# 5.7 .7 %

�� ()2�#�,- �+ +2�, D /, �!1� / �2�#�2 �' )+*+,- #��D� 1�� .
*�#+,D 1�#B+ S�7 �7 �V7 �,2�#�,- g#+1�#�0#�1g /, �!1�7 5/,+#�.
��,- F� �#5 !�#�� �

NG$ IPP#A % $# 77 �#RGIJ "A �

�� H+ �/��+,- /, �!15 � ��*� !+,�#/1�C )+�!+�#�C :51�D U

NG$ IPP#A % EP#M 075. $# 07. RGIJN NDaG NTPGG� 0B7&0
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� �)�: +"�#�� 2�"#� �1!A0�,- #+*��/-7 /�*� "+95A �#4� .
2+B�A � *+,� � � �2�#� ��� /�)*+#�$ S/2�  �/� �	V

NG$ $DMGN$IM! xX^E#PMI$oX x$#!}[#$$#My xx�#yP#$I$Gy
x#eNG$ ^H#eox7^S#eoyy xE#�$ X^E#�$N!GToXy
x$GH$T#"#P ^T#"#PN!GToy

�2�/,� $DMGN$I! *��5/1+�,/$ �/��!-)��+,- /�1 +9�#��
$DMG� I,2�#�,- �D��*�#�� � ��1+)+,- 4� 2+, h,�C #+*��/�
2�"#� / ��2�9-A 1�2+#*

unset timestamp
show timestamp

�� 52�!0+#�A 4� 2+, �D��*+ #+*��/� g*+,+.� �2$g /!�*5.
A9�C

wI w[ wJ wn`w{`w| wp

� h,�2 4� 2+,� �D��*$,/$ *�#- #�*�!�7 #+)�+#�� 2�/$B+7 0�/!�7
0+/7 2�#5,D7 /�15#*D7 ��* � 0�,D �3/�2��!-#�2 4� 2+,�� �!$
)+*+#�$ #5"#��� 4� 2+,+ 2�"#� �/��!-)��+,- /��B�4�1+B��
g� �2$.*+,+g S/2� ��	��7 /� �
�V�

�� 52�!0+#�A #+*��/- �D��*�,/$ � !��DC #�"#�C 5��!7 #�
� � "�!+#�� �� 2�"#�  +)2�/,�,- � �� 3#�2 !���2 5�!57 �D: +�
��B�A $#!� �!$ ��)� +9�#�$ �� �: +,#� /!�*5�, 51+)+,- 1!A0
[#$$#M� L/!� �+F ,� 2�#+! *��5/1+�, �� ,�1+!-#��  +)2�9�.
#�� ,�1/,+7 2�"#� ��/��!-)��+,-/$ ��B��C P#$I$G�

�+ +2�, D ^H#eo � ^S#eo ��B�� #eNG$ ��)��!$A, /2�.
9+,- ��)�B�A #+*��/� � :�!�� 5*�:#�� 2�/,� S/2� ���7 /� ���V�

I�B�� ^E#�$o � ^$GH$T#"#Po *+A, ��)2�"#�/,- )+*+�+,-
F �4, � B��, #+*��/� S/2� �����7 /� �
�V�

������B
NG$ $DMGN$IM! XwJhwMhwS wn`w{X #eNG$ 
07 5� b
E#�$ XnG"lG$DTIX
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R�E �/�0%�-���� %�/"���'�  �+!%


B)B /,��� ��������� �������

� �)�: +"�#�$7 ��!50+�2D� / ��2�9-A 1�2+#*D !"#$7 2�"#�
*�:+�!$,- �)�: +"�#�$  +)!�0#D3 4��5 7 �/��!-)5$ 1�2+#*5

NG$ #[uGT$ ^D�JGHo
^#[uGT$5$S!Go ^#[uGT$5!P#!GP$DGNo
xEP#�$}[ITY}[GRD�Jy xT"D!}�#T"D!y
xET}L""T#"#P ^T#"#PN!GToy xEN ^L""N$S"Goy
xJGEI "$y x"A}"D�GADJ$R ^ADJ$Roy
xJ$}JINR$S!G ^JINR$S!Goy

I,2�#�,- *�:+�!�#�� 4��5 D 2�"#�7 �D��!#�� 1�2+#*5

 �NG$ #[uGT$ ^D�JGHo

� �� /�� 	� �/,- ��)2�"#�/,- *�:+�!$,- � $2�5��!-#�1�
SPGT$I�C"GV7 1 5�� STDPT"GV7 h!!��/D SG""D!NGV � 2#���5��!-#�1�
S!#"SC#�V� �+"*+$ �) h,�3 4��5 ���/D�+�,/$ /���2 #+:� �2
�+ +2�, ��7 1�,� D� � ���*$,/$ #�"� � �,*�!-#D3  +)*�!+3�

L/!� )+*+# 1!A0 EP#�$7 ,� �;<=>?@  �/5�, 4��5 5 ���� 3
�/�3 � +4�1��7 #� *� #+*��/�C / ,+1�2 "� 1!A0�2� � � )+*+#��
1!A0+ [ITY 4��5 + �)�: +"+�,/$ *� �/�3 � +4�1�� � #+*��/�C�
�!A0 [GRD�J  +)2�9+�, 4��5 5 ��* �/�2� �:G�1,+2�7 �1!A0+$
�/� � � $2�5��!-#�1�7 �,2�0�##D� h,�2 "� 1!A0�2�

�� 52�!0+#�A �/� 4��5 D �: �)+A,/$ �� � +#�B+2 �)�: +.
"�#�$7 #� �/!� 51+)+,- 1!A0 �#T"D!7 ,� 4��5 + :5*�, *�3�*�,-
*� � +#�BD �1#+�

�+!�� �� �0�/!�#D ��B��7 �� �*�!$A9�� �+ +2�, D )+!��.
1� 4��5 D � �)�: +"�#�$ �� � +#�BD� I#� ���/+#D �  +)*�!+3
����� /� �
� � ����� N� �
�7 ��/1�!-15 h,� 1!A0� �/��!-)5A,/$
�� 2#���3 1�2+#*+3�

������B e+*+#�� B��,#��� 4�#+ *!$ � +4�1+

NG$ #[uGT$ PGT$I�C"G EP#M NTPGG� 070 $# NTPGG� 7 [GRD�J

�P�
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B)B� '��,��3���� �����8���(����

� $2�5��!-#�1 )+*+�,/$ , �2$ ��)2�"#D2� #+:� +2� �+ +.
2�, ��'

NG$ #[uGT$ ^D�JGHo PGT$I�C"G
xEP#M ^!#ND$D#�o x$#}P$#y ^!#ND$D#�o }
TG�$GP ^!#ND$D#�o NDaG ^Ao7 ^Ro }
I$ ^!#ND$D#�o NDaG ^Ao7 ^Ro y

�� �DC �+ �+#, ��B�C )+*+�, !��DC #�"#�C � �� 3#�C � +.
�DC 5�!D � $2�5��!-#�1+7 �� �,� �2 � , �,-�2 �+ �+#,+3 )+.
*+A,/$ ��� B�#, 7 F� �#+ � �D/�,+� ��� *�#+,D ^!#ND$D#�o
)+*+A,/$ � �*#�C �) ��)2�"#D3 1�� *�#+,#D3 /�/,�2 S/2� ���7
/� ���V�

�������B
�� �!$ )+*+#�$ ��!5:��� 4�#+ /�)*+�,/$ � $2�5��!-#�17 /���+.
*+A9�C /� �/�2 �1#�27 �*�  �/5�,/$ � +4�1

set object 1 rect\
from graph 0, graph 0 to graph 1, graph 1 behind
set object 1 rect fc rgb ′′cyan′′, fillstyle solid 1.0

�� E�)*+�,/$ 1 +/#DC � $2�5��!-#�1 / *�+��#+!-A �) ,�01�
S7V � ,�015 S�7�V

NG$ #[uGT$ � PGT$ EP#M 07 0 $# �7 % ET "$ 

�� e+*+�,/$ #�)+1 +F�##DC � $2�5��!-#�1 / /�#�C � +#�B�C

NG$ #[uGT$ % PGT$ EP#M 07 0 $# �7 % b
EN GM!$S [#PJGP PC[ X[" GX

�� e+1 +/�,- � $2�5��!-#�1 / #�2� �2 �7 5/,+#��!�##D2 ��
52�!0+#�A B��,�2

NG$ #[uGT$ � PGT$ JGEI "$

e+2�,�27 0,� � $2�5��!-#�17 )+*+�+�2DC 1�� *�#+,+2�
NTPGG�7 2�"�, �D/,5�+,- )+ � �*�!D �1#+� k+1�� � $2�5��!-.
#�1� �: �)+A,/$ �� � +#�B� �1#+�
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B)B% '��,��3���� ��8��

� 5� )+*+�,/$ /!�*5A9�C 1�2+#*�C'

NG$ #[uGT$ ^D�JGHo TDPT"G
xI$}TG�$GPy ^!#ND$D#�o NDaG ^PIJD No
xIPT j^[GCD�o`^G�Joky
x^#$RGP5#[uGT$5!P#!GP$DGNoy

��!�"�#�� 1 5�+ �� �*�!$,/$ 1�� *�#+,+2� B�#, + �  +*�.
5/�2� �!A0��D� /!��+ I$ � TG�$GP $�!$A,/$ /�#�#�2+2�� J+.
*�5/ )+*+�,/$ � �*�#�B+3 *!�#D �� �)�#,+!-#�C �/��

I�B�$ IPT / �+ +2�, +2� ^[GCD�o � ^G�Jo � �*#+)#+.
0�#+ *!$ )+*+#�$ *5��� I,/0�, 5�!�� �/59�/,�!$�,/$ � �,��
0+/���C /, �!1��


B)B* '��,��3���� �������

j!!��/ )+*+�,/$ /!�*5A9�C 1�2+#*�C'

NG$ #[uGT$ ^D�JGHo G""D!NG
xI$}TG�$GPy ^!#ND$D#�o NDaG ^Ao7 ^Ro
xI�C"G ^#PDG�$I$D#�oy x �D$N HS}HH}SSy
x^#$RGP5#[uGT$5!P#!GP$DGNoy

��!�"�#�� �  +)2� D h!!��/+ )+*+A,/$ ��� B�#, �27 + ,+1.
"� F� �#�C � �D/�,�C S:�!-F�C � 2+!�C �/$2� /�22�, ��V�
�!A0��D� /!��+ I$ � TG�$GP $�!$A,/$ /�#�#�2+2�� �!�#D �,.
 �)1�� )+*+A,/$ � �*�#�B+3 *!�#D /��,��,/,�5A9�3 �/�C� I �.
�#,+B�$ h!!��/+ )+*+�,/$ 5�!�27 )+*+##D2 � � +*5/+37 2�"*5
�� �)�#,+!-#�C �/-A 1�� *�#+, � :�!-F�C �/-A /�22�, ��� ��
52�!0+#�A :�!-F+$ �/- #+� +�!�#+ �*�!- �� �)�#,+!-#�C �/�
1�� *�#+,� L/!� 5 ��B��  �D$N 51+)+# 1!A0 HS7 ,�  +)2� :�!-.
F�C �/� )+*+�,/$ � �*�#�B+3 �/� \7 + 2+!�C % �/� p� L/!�
)#+0�#�� 1!A0+ % HH7 ,� �:� �/� 2+/F,+:� 5A,/$ � �*�#�B+3
�/� \7 + � � )#+0�#�� SS % � �*�#�B+3 �/� p� �� 52�!0+#�A
h,� )#+0�#��  +�#� HS� e+2�,�27 0,�  +)!�0�� � 2+/F,+:+3 �/�C
1�� *�#+, � ���*�, 1 ,�257 0,� 1�2+#*D

set object ellipse size < 2r >,< 2r >
set object circle < r >

�P�



���� P� U������V ����	�	 	 �� �	� �+W����

� /!50+�  �D$N HS #+ �/5A,  +)#D� 1 ��D�' � �� ��2 /!50+�
:5*�, h!!��/7 + �� �,� �2 �/��*+ :5*�, 1 5��

����!#�,�!-#D� �+ +2�, D *!$ �)�: +"�#�$ h!!��/+ 2�".
#� )+*+,- 1�2+#*�C

NG$ N$S"G G""D!NG x �D$N HH}HS}SSy
xNDaG xCPI!R}NTPGG�y ^Io7
xxCPI!R}NTPGG�y ^[oyy
xI�C"G ^I�C"Goy
xT"D!}�#T"D!y

j,+ 1�2+#*+ )+*+�, �+ +2�, D �� 52�!0+#�A *!$ �/�3 �)�:.
 +"+�2D3 h!!��/��� I�B��  �D$N7 NDaG � I�C"G �2�A, ,�, "�
/2D/!7 0,� � � 1�2+#*� NG$ #[uGT$ G""D!NG� �� 52�!0+#�A �+.
 +2�, D 5 ��B�� NDaG �2�A, )#+0�#�$ CPI!R 0B0.70B0%�

� � )+*+##�2 1!A0� T"D! h!!��/ �: �)+�,/$ �� � +#�B+2
� +4�1+7 + �/!� )+*+# 1!A0 �#T"D! % #�,�


B)B. '��,��3���� �����8���(����

&#���5��!-#�1 )+*+�,/$ 1�� *�#+,+2� /���3 �� F�#

NG$ #[uGT$ ^D�JGHo !#"SC#�
EP#M ^!#ND$D#�o $# ^!#ND$D#�o B B B x$# ^!#ND$D#�oy

������B e+*+#�� , �5��!-#�1+ ��!5:��� B��,+ / 0� #�C
� +#�B�C

set object 1 polygon from 0,0 to1,1 to 2,0
set object 1 fc rgb ′′cyan′′ fillstyle solid 1.0 border lt − 1

�P�



9 :�����'�� 	��*�����	�  ����� ����

S�( �*������ %�-��� K7MC9LMNC

�!$ ,���7 0,�:D  +)2�/,�,- #�/1�!-1� �)�: +"�#�C � �*#�2
�1#�7 �/��!-)5�,/$ /��B�+!-#DC  �"�2 M "$D!"#$� I# )+*+�,/$
1�2+#*�C

NG$ M "$D!"#$
x $D$"G ^!ICG $D$"Go x E#�$ ^E#�$N!GTo y
x G�RI�TGJ } �#G�RI�TGJ y y
x "IS# $ ^P#ANo7 ^T#"No
x P#ANLPN$ } T#" M�NLPN$ y x J#A�AIPJN }  !AIPJN y
x NTI"G ^HNTI"Go x7 ^SNTI"Go y y
x #eNG$ ^H#eo x7 ^S#eo y y y

�/� #+*��/� � /, �!1�7 �� �*�!�##D�  +#��7 :5*5, �)�: +.
"�#D /��!+/#� �� �*�!�##D2 #+ ,�159�C 2�2�#,  +)2� 5 � 1�.
� *�#+,+2 ��!�"�#�$ �)�: +"�#�$ S)+ �/1!A0�#��2 ,�37 0,�
:D!� )+*+#D � /�/,�2� 1�� *�#+, �1#+V� k� "� /+2�� 1+/+�,/$
�/�3 * 5��3 �+ +2�, ��7 �� �*�!$�2D3 0� �) 1�2+#*5 NG$ B B B �
L/!� �D 3�,�,�7 0,�:D 1+1+$.,� #+*��/- ��$�!$!+/- ,�!-1� 5
�*#��� �) � +4�1��7 ,� #��:3�*�2� *� 1�2+#*D !"#$7 N!"#$ �!�
PG!"#$ �D��!#�,- /��,��,/,�5A95A 1�2+#*5 NG$ B B B 7 + ��/!�
 �NG$ B B B �#5, � :!�1+ M "$D!"#$� H+� �2� 7 NG$ $DMGh �NG$
$DMG�

e+��!���1 �1#+ #�)+��/�2 �, )+��!��1��7 �3�*$9�3 � #���
�)�: +"�#�C� &�/,� *!$ #���  �)� �� 5�,/$ � �� 3#�C 0+/,�
�1#+�

I�B�$ "IS# $ ��)��!$�, +�,�2+,�0�/1�  +/��!+�+,- �)�:.
 +"�#�$ #�/1�!-1�3 � +4�1�� � �*#�2 �1#� :�) �/��!-)��+#�$
1�2+#* NG$ NDaG S/2� �����7 /� ��
V � NG$ #PDCD� S/2� �����7 /� ���V
�� �* 1+"*D2 �) #�3� � � �� )+*+#�� )#+0�#�$ h,�3 �+ +2�,.
 �� �� �*�!$A,/$ +�,�2+,�0�/1� � #� , �:5A, �� ��� �*�!�#�$
1+"*DC  +)� I�B�$ "IS# $ *�!�, �1#� #+ /, �1� � 1�!�#1�� (3
0�/!� )+*+�,/$ �+ +2�, +2� P#A � T#"N� E��,��,/,�5A9�� 1!A.
0� � 1�2+#*� NG$ M "$D!"#$ �� �*�!$A, �� $*�1 )+��!#�#�$

�P	



���� Q� L�����/�� 	"�+�����	�  ����� ����

$0��1 ��!50+A9�C/$ ,+:!�BD' P#ANLPN$ % �� �D2� )+��!#$.
A,/$ /, �1�7 T#" M�NLPN$ % �� �D2� )+��!#$A,/$ 1�!�#1�7
J#A�AIPJN �  !AIPJN % /�� 35 �#�) �!� /#�)5 ��� 3 /��,��,.
/,��##�� �� 52�!0+#�A *�C/,�5A, P#ANLPN$ � J#A�AIPJN�

�+"*�� �)�: +"�#�� 2�"�, :D,- �,2+/F,+:� ��+#� / ��2�.
9-A 1!A0+ NTI"G / 1�h44�B��#,+2�^HNTI"Go � ^SNTI"Go ��
�/$2 � /*��#5,� � � )+*+#�� ��B�� #eNG$7 �*� /*��� �� �/$2
�� �*�!$�,/$ �+ +2�, +2� ^H#eo � ^S#eo�

��/!� )+�� F�#�$ ��/, ��#�$ �/�3 � +4�1�� /!�*5�, �D��!.
#�,- 1�2+#*5

 �NG$ M "$D!"#$

;��������B H�1�,� D� ,��D ,� 2�#+!�� #� �D��*$, �1#�
/ �)�: +"�#�$2� *� ,���7 1+1 :5*�, �D��!#�#+ 1�2+#*+  �NG$
M "$D!"#$� �!$ * 5��3 ,���� ��/!� 1+"*�C 1�2+#*D !"#$ , �:5.
�,/$ �:#���,- �1#� �D��*+7 0,�:D 5��*�,- *�:+�!�##DC � +4�1�

�!$ ,���7 0,�:D �0�/,�,- �1#� �, � �*D*59�3 ��/, ��#�C
�  �"�2� M "$D!"#$ �/��!-)5�,/$ 1�2+#*+ T"GIP�

S�, �����"#�� ��%����� & �$��� �/�0%�-����

J�"�2M "$D!"#$ 2�"#� �/��!-)��+,- �  +)!�0#D3 B�!$3� H+�.
:�!�� � �/,D2 $�!$�,/$ "�!+#��  +/��!�"�,- � �*#�2 �1#�
#�/1�!-1� �)�: +"�#�C� � ���*�2 � �2�  +/��!�"�#�$ 0�,D.
 �3 � +4�1�� � �*#�2 �1#� S/2�  �/� ��V7 ��!50�##D3 / ��2�9-A
/!�*5A9�3 1�2+#*�

������ &B

x e+*+,-  +)2� �)�: +"�#�$ � 4� 2+, /�3 +#�#�$�
NG$ $GPMD�I" !�C NDaG )007 
00
x O+C! *!$ �D��*+  �)5!-,+,��
NG$ # $! $ KM "$O$PDB!�CK
x e+*+,-  �"�2 �<>@�=>?@ / *�!�#��2 �1#+ #+ 0�,D � �:!+/,��
NG$ M "$D!"#$ "IS# $ �7 �
x Q���#*5 �D��*�,- /�� 35 �)�: +"�#�$ �� B�#, 5�
NG$ YGS T $ # E#�$ K7�0K
x e+*+,- 0�/!� 5)!��7 �/��!-)5�2D3 *!$ ��/, ��#�$�

�PP



� Q��� L�����/�� ����	���  ����� 	"�+�����		

NG$ NIM!"GN 000
x 6 +#�B5 #�  �/��+,-�
NG$ [#PJGP 0
x � ���/,� �/� 1�� *�#+, 0� �) ,�015 S7V�
NG$ HaGP#IHDN "$ 5
NG$ SaGP#IHDN "$ 5
x e+*+,- *�!�#�$ #+ �:��3 �/$3�
NG$ H$DTN IHDN
NG$ S$DTN IHDN
x e+*+,- ��*��/� *!$ /!�*5A9�3 *�!�#�C�
NG$ H$DTN V5)75*75�7�7*7)W
NG$ S$DTN V5750B.70B.7W
x H+)�+#�� �/� yYy �D��/,� � ��*� #+*��/��
NG$ "I[G"  X\X I$ )7 0B E#�$ K7�0K
x H+)�+#�� �/� y\y #� ���� +0��+,-�
NG$ S"I[G" XpX �#P#$I$G E#�$ K7�0K
x e+*+,- /2�9�#�� #+)�+#�$ �/� y\y
x �,#�/�,�!-#� ��!�"�#�$ �� 52�!0+#�A�
NG$ S"I[G" #eNG$ CPI!R 0B..7 0B.
x �D��/,� ��*��/- *!$ ,�01� yy � ��*� #+*��/��
NG$ "I[G" � X0X I$ 0B%�7 50B
x e+*+,- *�+�+)�#D �)2�#�#�$ �� �2�##D3�
NG$ HPI�CG j5�r!D`�r!Dk
NG$ SPI�CG j5B`Bk
x E�)*+,- �)�: +"�#�$ � +4�1�� ��;SvV � N?�SvV
!"#$ ND�VHW AD$R "D�GN "T XPGJX
!"#$ T#NVHW AD$R "D�GN "T XCPGG�X
x ��2�#$,- �+ +2�, D *!$ /�)*+#�$ � +4�1�� @pSvV � N@pSvV�
NG$ SPI�CG j5�0`�0k
NG$ "I[G"  �\�I$ )7 � E#�$ K7�0K
NG$ "I[G" � �0�I$ 0B%�7 5�
NG$ S$DTN V5�0750707�0W
$CVHWU$I�VHW
!"#$ $CVHW AD$R "D�GN "T X[P#A�X
T$CVHWUT#NVHWhND�VHW
!"#$ T$CVHW AD$R "D�GN "T X[" GX
x I,1!A0�,-  �"�2 �<>@�=>?@�

�P�



���� Q� L�����/�� 	"�+�����	�  ����� ����

 �NG$ M "$D!"#$

;��������B H+)�+#�� �/� yYy :D!� /�)*+#� � ��*� #+*��.
/�7 ��/1�!-15 )+*+,- /2�9�#�� �� �,#�/�,�!-#� ��!�"�#�$ ��
52�!0+#�A /!�"#��7 0�2 51+)+,- 1�� *�#+,D h,�C #+*��/� �
�/��!-)5�2�C /�/,�2� 1�� *�#+,�

S�1 �%� �� � �+� !&�"�����'�  %�+����

J�"�2 M "$D!"#$ 2�"�, �1+)+,-/$ ��!�)#D2 � ,�3 /!50+$37 1�.
�*+ #5"#� �)�: +)�,- � +4�1 45#1B�� � ��� 4 +�2�#, #+ �*#�2
 �/5#1�� J+//2�, �2 45#1B�A7 )+*+##5A �+ +2�, �0�/1�

x = t2 cos(t), y = t2 sin(t).

�D:� :�!-F�C *!�#D /�� +!� � � �� +#�0�##�2 ��!� �1.
#+ � ���*�, 1 ,�257 0,� � +4�1 � �� +9+�,/$ �:!�)� #5!$ �
/�!�F#�� �$,#�� �!$ ,���7 0,�:D ��1+)+,- ����*�#�� 45#1B��
�:!�)� #5!$ 2�"#� #+ �/��+,- �� � � 2+!D3 @ #+ �,*�!-#�2
� +4�1� / :�!-F�2 2+/F,+:�2� 6 +4�1 4 +�2�#,+ 2�"#�  +).
2�/,�,-7 #+� �2� 7 � � +��2 #�"#�2 5�!5 �1#+ �/#��#��� �)�:.
 +"#�#�$� H+  �/5#1� � � ���*�#� ,+1�� �)�: +"�#��7 ��!5.
0�##�� / ��2�9-A /!�*5A9�3 1�2+#*�

������ &B�

NG$ M "$D!"#$
x e+*+,- *�+�+)�#D �� �/$2 Y � \�
NG$ HPI�CG j5)0000`)0000k
NG$ SPI�CG j5)0000`)0000k
x e+*+,- ��!�"�#�� !���#*D�
NG$ YGS I$ CPI!R 0B.7 0B&
x (/��!-)��+,- ��!$ #5A /�/,�25 1�� *�#+,�
NG$ !#"IP
x ��!�#�$ �� �/� w #+#�/,� / F+��2 	�
NG$ P$DTN .0000
x e+*+,- 0�/!� 5)!���
NG$ NIM!"GN 0000
x H+ �/��+,- �/#��#�C � +4�1�

�P




� Q�,� ����	� 	 ���  ��	������ ��������

J�/� ��' � +4�1� , ���#�2�, �0�/1�3 45#1B�C

�P�



���� Q� L�����/�� 	"�+�����	�  ����� ����

!"#$ j0`%00k $r$ A "D�GN $ KHU$�� T#NV$Wv SU$�� ND�V$WK
x e+*+,-  +)2� � +4�1+ 4 +�2�#,+�
NG$ NDaG 0B%7 0B%
x e+*+,- ��!�"�#�� � +4�1+ 4 +�2�#,+ � �1#��
NG$ #PDCD� 0B)�.7 0B0

x e+*+,- *�+�+)�#D �� �/$2 Y � \ 5 � +4�1+ 4 +�2�#,+�
NG$ HPI�CG j5)00`)00k
NG$ SPI�CG j5)00`)00k
x e+*+,- F+�� 2�"*5 *�!�#�$2� �� �/$2 5 � +4�1+ 4 +�2�#,+�
NG$ H$DTN *00
NG$ S$DTN �00
x e+*+,- ��!�0�#5 *�!�#�C�
NG$ $DTN NTI"G 0B.
x �*+!�,- *�!�#�$ �� �/� w�
 �NG$ P$DTN
!"#$ j0`*0k $r$ AD$R "D�GN $D$"G K K
 �NG$ M "$D!"#$

S�2 )�%�����'� ���F��0 ���

E*�!+,- � +4�1 45#1B�� :�!�� �#4� 2+,��#D2 �:!�)� �� �/�.
:�##�/,� 2�"�, ��2�0- �9� �*�# � ��27 ,+1"� �/��!-)5A9�C
 �"�2 M "$D!"#$� �!$ ��� �!!A/, +B��  +//2�, �2 45#1B�A

y = sin
(π
x

)
.

j,+ 45#1B�$ �2��, �/�:�##�/,- �:!�)� #5!$' �/B�!!$B��
/,+#��$,/$ �/� 0+9� � 0+9�� ��2�0- ��#$,- �� ����*�#�� 2�.
"�, ���*�#�� � � x ∈ (0, 2] !��+ �42�0�/1��� 2+/F,+:+ �� �/�
Y� �!$ ,���7 0,�:D #+ �/��+,- � +4�1 45#1B��7 �/��!-)5$
*�+  +)#D3 2+/F,+:+ �� �*#�C �/�7 ��/��!-)5�2/$  �"�2�2
M "$D!"#$� H+  �/5#1� �� � ���*�#� ,+1�� �)�: +"�#��7 ��!5.
0�##�� / ��2�9-A /!�*5A9�3 1�2+#*�

������ &B%

NG$ YGS $ T P E#�$ K7%0K

��



� Q�-� 
��������� ���!��+ ��	

J�/� �' � +4�1 45#1B�� / 5��!�0�##D2 4 +�2�#,�2

J�/� ��' � +4�1 45#1B�� / �� �2�##D2 2+/F,+:�2 �/� v

���



���� Q� L�����/�� 	"�+�����	�  ����� ����

x e+*+,- 0�/!� 5)!���
NG$ NIM!"GN 000
NG$ M "$D!"#$
x e+*+,- *�+�+)�# �� �/� \�
NG$ SPI�CG j5B�`B�k
x e+*+,- !��+ �42�0�/1�C 2+/F,+: �� �/� Y�
NG$ "#CNTI"G H
x H� #+#�/�,- *�!�#�$ �/� Y #+ �/- Y��
NG$ H$DTN �#MDPP#P
x H+#�/�,- ,�!-1� !��5A7 #�"#AA � �� 3#AA � +#�BD�
NG$ [#PJGP �
x e+*+,-  +)2� �:!+/,� �� ���� �)�: +"�#�$�
NG$ NDaG 0B.7 B
x e+*+,- ��!�"�#�� �� ���� �)�: +"�#�$ � �1#��
NG$ #PDCD� 0B0�7 0B
x e+*+,- !���� � � +��� ��!$�
NG$ "MIPCD� 0
NG$ PMIPCD� 
x e+*+,- *�+�+)�# �� �/� Y�
NG$ HPI�CG j0B0.`�k
x e+*+,- *�!�#�$ �� �/� Y � \�
NG$ H$DTN V0B0.70B70B��70B.7W E#�$ K7)K
NG$ S$DTN # $ V5750B.70B70B.7W E#�$ K7)K
x H� #+#�/�,- � �2�"5,�0#D3 *�!�#�C #+ �/- Y�
 �NG$ MH$DTN
x H� #+#�/�,- *5:!�1+,D *�!�#�C �/� \ #+ �/- \��
NG$ S$DTN �#MDPP#P
EVHWUVI[NVHWo0B0000W_ND�V!DhHW`0
!"#$ EVHW AD$R "D�GN $D$"G K K
x I,2�#�,- !��+ �42�0�/1�C 2+/F,+: �� �/� Y�
 �NG$ "#CNTI"G H
x H+#�/�,- ,�!-1� �� 3#AA7 #�"#AA � � +�5A � +#�BD�
NG$ [#PJGP %
x e+*+,-  +)2� �:!+/,� �)�: +"�#�$�
NG$ NDaG 0B.7 B
x e+*+,- ��!�"�#�� � �1#� �)�: +"�#�$�
NG$ #PDCD� 0B.*7 0B

���



� Q�-� 
��������� ���!��+ ��	

x e+*+,- !���� � � +��� ��!$�
NG$ "MIPCD� 
NG$ PMIPCD� 0
x e+*+,- *�+�+)�# �)2�#�#�$ �� �/� Y�
NG$ HPI�CG j�`0k
x ��!�#�$ �/� Y #� #+#�/�,- #+ �/- Y��
NG$ H$DTN �#MDPP#P
x ��!�#�$ �� �/� Y #+#�/,� �, � *� � / F+��2 ��
NG$ H$DTN �7 7 0 E#�$ K7)K
x H� #+#�/�,- *�!�#�$ �� �/� \�
 �NG$ S$DTN
x H� ��*��/D�+,- *�!�#�$ �� �/� \�
NG$ E#PMI$ S X X
!"#$ EVHW AD$R "D�GN
 �NG$ M "$D!"#$

���



���� �Y� Z����	� �"������ ���	��

�; <����	� �������� ���	��

(W�( �!��� ���4�5 ;XYZ[\]

�!$ /�)*+#�$ #+*��/�C #+  5//1�2 $)D1� /!�*5�, )+*+,- /��,.
��,/,�5A95A ,+:!�B5 �� �1�*� ��1�

set encoding {< value >}

�!$ /�/,�2D �;�v �/��!-)5�,/$ ,+:!�B+ Y#D
P7 + *!$ /�/,�2D
`�;t?�� % T!�.�

� �*5/2�, �#+ 1�2+#*+7 *�!+A9+$ ���D,15 +�,�2+,�0�/1�
��*�: +,- #5"#5A ,+:!�B5 �� �1�*� ��1�

set encoding locale

�D��/,� #+ h1 +# #+)�+#�� �/��!-)5�2�C ,+:!�BD 2�"#�7
� �2�#�� 1�2+#*5

show encoding

(W�, ������' ���%$���� �/�0%�-���5

��2+#*D NG$ IPP#A7 NG$ YGS7 NG$ "I[G" � NG$ #[uGT$ ��)��!$A,
#+ �/��+,- /, �!157 !���#*57 #+*��/- �!� * 5��C �:G�1,7 � �.
�$)+##DC 1 �� �*�!�##�C ,�01� �)�: +"�#�$ S!#ND$D#�V� j,+
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y�y % 1�+* +,�1 � g� +#"��DCg7 y	y % )+1 +F�##DC 1�+* +,�1 �
g"�!,DCg � ,�*� k�!9�#+ !�#�� )+*+�,/$ B�!D2 0�/!�2 �, � *� P�
H+:� !�#�C  +)#�C ,�!9�#D � ���*�#D � !���2 #�"#�2 5�!5
B��,#�C �!!A/, +B�� Z S/� ��PV� � !�#�C /,+#*+ ,#D3 ,����
�+ +2�, "D�GADJ$R �2��, )#+0�#�� ��

&�"#� �� ��� �*�!$,- /,+#*+ #D� ,��D !�#�C7 2�#$$ � #�3
�,*�!-#D� �+ +2�, D� H+� �2� 7
NG$ "D�G$S!G  "A � "T PC[ X[" GX !$ )
NG$ "D�G$S!G � "A � "T PC[ XCPGG�X !$ 


�
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���� �Y� Z����	� �"������ ���	��

��/!� �D��!#�#�$ � ���*�##D3 1�2+#* �/� !�#��7 �)�: +"+�.
2D� / ��B��C "$  +�#�C � � �7 :5*5, �2�,- ,�!9�#5 �� R��, 5
�� ��C !�#�� :5*�, g��!5:�Cg7 + 5 �,� �C % g)�!�#DCg� k�01� #+
h,�3 !�#�$3 :5*5, �)�: +"+,-/$ #�)+1 +F�#D2� 1 5"�01+2�
� , �5��!-#�01+2� /��,��,/,��##��

I/�:�##� ��*0� 1#�2 ,�7 0,� 1�2+#*+ PGNG$ #� 2�#$�, #+.
/, ��1 1�2+#*D NG$ "D�G$S!G�

&�"#� )+*+,- #+:� /��C/,� !�#��7 1�,� DC #+)D�+�,/$
/,�!- !�#�� S"D�GN$S"G V"NWW� �!$ h,��� �/��!-)5�,/$ /!�*5A.
9+$ 1�2+#*+'

NG$ N$S"G "D�G ^D�JGHoxx"D�G$S!G } "$y
^"D�GO$S!Go}^T#"#PN!GToy
xx"D�GT#"#P } "Ty ^T#"#PN!GToy
xx"D�GADJ$R } "Ay ^"D�GOADJ$Roy
xx!#D�$$S!G } !$y ^!#D�$O$S!Goy
xx!#D�$NDaG } !Ny ^!#D�$ONDaGoy
xx!#D�$D�$GPlI" } !Dy ^D�$GPlI"oy
x!I"G$$Gy

e+*+##D� /��C/,�+ !�#�� "N �� �*�!$A,/$ �� �� #�2� 5
^D�JGHo�

� �� /�� �;<=>?@ 	� ��$��!+/- ��)2�"#�/,- )+*+�+,- #+:� 
*�/1 �,#D3 /�2��!��7 �� ��*�0�/1� ���,� $$ 1�,� D�7  �/5�,.
/$ �)�: +"+�2+$ !�#�$'

NG$ JINR$S!G ^D�JGHo X��,�� ���	���	X

���5/,�2D2� $�!$A,/$ /�2��!D' g.g S2�#5/V7 g|g S)#+1 ��*0� .
1��+#�$V7 g�g S,�01+V � g g S� �:�!V� H��:$)+,�!-#DC �+ +2�, 
^D�JGHo )+*+�, #�2� )+*+�+�2��� #+:� + *!$ *+!-#�CF���
�/��!-)��+#�$ 1�#1 �,#��� JINR$S!G � 1�2+#*� !"#$ � * 5��3
1�2+#*+3�

&�"#� )+*+�+,- JINR$S!G �9� �*#�2 /��/�:�27 �/!� �# /�.
/,��, ,�!-1� �) ,�0�1 B��,+ !�#�� � ,�0�1 B��,+ 4�#+ S�*59��
��* $* ,�01� �: +)5A, #�� � D�#DC 50+/,�1 !�#��V'

NG$ JINR$S!G ^D�JGHo VN7G7N�7G�7B B B 7NQ7GQW

�
�



� �Y�-� �����	 	"�+�����	�

�*� NY % 1�!�0�/,�� ��* $* �*59�3 ,�0�1 B��,+ !�#��7 + GY %
1�!�0�/,�� ,�0�1 B��,+ 4�#+� &+1/�2+!-#�� 0�/!� �+ SNY7 GYV
% 0�,D ��

H+:� JINR$S!G 2�"#� )+*+�+,- #���/ �*/,��##� � �/.
��!#$�2�C 1�2+#*�� � /�0�,+#�� / �+ +2�, +2� "D�GT#"#P �
"D�GADJ$R ��B�$ JINR$S!G � �*�/,+�!$�, :�!-F�� ��)2�"#�.
/,� *!$ /�)*+#�$  +)#��: +)#D3 F+:!�#�� !�#�C� I/�:�##� h,�
+1,5+!-#� � 0� #�:�!�2 �+ �+#,��

� �2� D )+*+#�$  +)!�0#D3 "N � JINR$S!G 2�"#� #+C,� �
������

0B*B� +��-� V��>�� ��Qt � t�\t��c�mW

e+*+#��2 ��B��

E#�$ X^�IMGox7^NDaGoyX

2�"#� �� �*�!�,- F �4, � ���  +)2� � _ �4, � ���  +)2� 
�� 52�!0+#�A )+*+A,/$  +�#D2� ,�27 1�,� D� � �#$,D *!$
,� 2�#+!+�

L/!� )+*+#+ ��B�$ EP#�$7 ,� #+*��/- :5*�, �)�: +"�#+ ��.
�� 3 � +4�0�/1�3 h!�2�#,��� � � ��B�� [ITY 7 1�,� +$ *�C.
/,�5�, �� 52�!0+#�A7 #+*��/- �)�: +"+�,/$ #+ )+*#�2 �!+#��

I�B�$ $GH$T#"#P^T#"#PN!GTo �,��0+�, )+ B��, #+*��/��
e#+0�#�� �+ +2�, + ^T#"#PN!GTo 2�"�, :D,- �D: +#� �) ��).
2�"#D3 B��,�� !�#�C7 !�:� 1+1 wp�.B��,7 !�:� 1+1 B��, �+!�, D
S/2� ���7 /� ��	V�

������� )+*+#�$ $GH$T#"#P S*��5/1+�, /�1 +9�#�� $TV�
�� $T JGEI "$ % )+*+�, B��,7 � �#$,DC �� 52�!0+#�A�
�� $T "$ ^�o % )+*+�, B��, ,+1�C "�7 1+1 5 !�#�� / "$7  +�#D2
^�o�
�� $T "N ^�o % )+*+�, B��, ,+1�C "�7 1+1 5 !�#�� / "N7  +�#D2
^�o�
�� $T !I"G$$G T[ ^lI"o % )+*+�, B��, �+!�, D / �+ +2�, �2
^lI"o�
	� $T PC[ X�mm����X % )+*+�, � ��)��!-#DC B��, �� :�,#�C
[�d �+!�, D�
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���� �Y� Z����	� �"������ ���	��

0B*B% ;���	�� V��>�� ��ccW

�+ +2�, D g)+!��1�g )+*+A,/$ 1�2+#*�C

NG$ N$S"G L"" xGM!$S
} x$PI�N!IPG�$y N#"DJ x^JG�ND$Soy
} x$PI�N!IPG�$y !I$$GP� x^�oyy
x[#PJGP x"$y x"T ^T#"#PN!GToy } �#[#JGPy

�� 52�!0+#�A 5/,+#+�!��+�,/$ ��B�$ GM!$S7 ,��� �:!+/,-
4��5 D �2��, B��, 4�#+� �!A0 N#"DJ �)#+0+�, /�!�F#�� )+.
1 +F��+#�� 4��5 D7 + �+ +2�, ^JG�ND$So )+*+�, �!�,#�/,-
)+!��1�� � � ^JG�ND$So  +�#�C � ��!50+�,/$ g�5/,+$g )+.
!��1+7 � � �� % B��, :5*�, ,+1�2 "�7 1+1 �# 51+)+# � ,�159�2
"D�G$S!G� H�� � D�#�/,- �!� *�/1 �,#�/,- �)2�#�#�#�$ �!�,.
#�/,� )+!��1� � )+��/�2�/,� �, )#+0�#�$ ^JG�ND$So )+��/�,
�, ,��+ �/��!-)5�2��� ,� 2�#+!+� �� 52�!0+#�A )#+0�#�� �+.
 +2�, + ^JG�ND$So  +�#� ���

�!A0 $PI�N!IPG�$ �)#+0+�, g� �) +0#�/,-g� � � ��� )+*+.
#�� 0� �) �:!+/,- 4��5 D ��*#D h!�2�#,D �)�: +"�#�$7 #+ �.
/��+##D� *� #��� ��)2�"#D� )#+0�#�$ ��B�� !I$$GP� �,  *� 

S/2� B��,� �!!A/, � ZV�

�!A0 !I$$GP� �)#+0+�, � �*+#�� :!�/1+ S��1 D,�� !+1�2V
)+!��1�� j,+ 45#1B�$ ��**� "��+�,/$ *+!�1� #� �/�2� ,� 2�.
#+!+2��

�� 52�!0+#�A � +#�B+ 4��5 D  �/5�,/$ B��,�27 )+*+##D2 �
,�159�2^"D�G$S!Go� e+*+#�� [#PJGP ^T#"#PN!GTo ��)��!$�,
�D: +,- *!$ �:�)#+0�#�$ � +#�BD #5"#DC B��,� � � )+*+#��
1!A0+ �#[#PJGP !�#�$ � +#�BD #�  �/5�,/$�

(W�3 .�%���' &&�$��&'&�$�

0B.B ?��>�-���>�� �����	�� -������	

� �;<=>?@ � �#$,D /!�*5A9�� /��B�4�1+B�� *!$ 0�/!��D3
4� 2+,��'
wE % 4� 2+, / �!+�+A9�C ,�01�Cl
wG �!� w� % h1/��#�#B�+!-#DC 4� 2+, / /�2��!�2 yGy �!�
y�y �� �* /,���#-Al

�
�



� �Y�.� 2������ ���T����

wC �!� w� % 51� �0�##DC �+ �+#, 4� 2+,+ wG S�!� w�V �
wEl
wR �!�wn wC % 4� 2+,7 �/��!-)5A9�C K×10%S K �!� K∗10%SK
�2�/,� KGw|l
wH �!�w\ % 4� 2+, *!$ F�/,#+*B+,� �0#D3 0�/�! / 2+!�#-.
1�2� �!� :�!-F�2� :51�+2� l
w# �!� w� % 4� 2+, *!$ ��/2� �0#D3 0�/�!l
w$ % 2+#,�/+ 1 �/#��+#�A �l
w" % 2+#,�/+ 1 �/#��+#�A ,�159��� !��+ �42�0�/1��� 2+/.
F,+:+ �/�l
wN % 2+#,�/+ 1 �/#��+#�A ,�159��� !��+ �42�0�/1��� 2+/.
F,+:+ �/�7 #+50#DC 4� 2+, )+��/� /,���#�l
wt % /,���#- 1 �/#��+#�A �l
wc % /,���#- 1 �/#��+#�A ,�159��� !��+ �42�0�/1��� 2+/.
F,+:+ �/�l
w| % #+50#DC 4� 2+, )+��/� /,���#�l
wT % 4� 2+,7 �*� �/��!-)5�,/$ #+50#DC 4� 2+, )+��/� /,���.
#�l
w[ % 2+#,�/+ � UT��UXa 
 )+��/� S��7 c�7 ��7 ��7 ��7 X�7 ��7
\�Vl
w� % � �4�1/ � UT��UXa 
 )+��/� S��7 c�7 ��7 ��7 ��7 X�7
��7 \�Vl
wz % 1 +,#DC π�

H+50#DC 4� 2+, )+��/� /,���#� wT *��5/1+�, /,���#� �
� �*�!+3 �, .�
 *� ��
� j,� � , �  +)+ :�!-F� �:D0#��� 4� .
2+,+� �!$ )+��/� 0�/�! �#� h,�3 � �*�!�� �/��!-)5�,/$ 4� 2+,
/,���#� � h1/��#�#B�+!-#�2 ��*��

�� �0�/!�2 ��)2�"#D� 2�*�4�1+,� D7 1�,� D� 2�"#� �/.
��!-)��+,- ��/!� )#+1+ y�y *� /��B�4�1+B�� 4� 2+,+�
�� e#+1 y.y 51+)D�+�, #+ !���� �D +�#��+#�� 0�/�!7 ,��� 0�/!+
��0+,+A,/$ #+0�#+$ / !����� 1 +$ �,��*�##��� *!$ #�3 2�/,+�
��) )#+1+ y.y 0�/!+ ��0+,+A,/$ ��!�,#5A 1 � +��25 1 +A�
�� e#+1 y�y �)#+0+�, �:$)+,�!-#�� �1!A0�#�� )#+1+ 0�/!+ � ���
)+��/-�
�� e#+1 � �:�!+ y y �)#+0+�,7 0,� *!$ ��!�"�,�!-#D3 0�/�! �2�.
/,� )#+1+ y�y :5*�, /,�$,- � �:�!�
�� � � 51+)+#�� )#+1+ yxy 0�/!� )+��/D�+�,/$ / 2+#,�/�C � ��.
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���� �Y� Z����	� �"������ ���	��

*� 0.n1 . . . nm�
	� yy SB�4 +7 + #� :51�+V % )+��!#$�, �/� �5/,D� ��)�B��7 �,.
��*�##D� ��* )+��/- 0�/!+7 #5!$2��
P� S��;V7 �*� � � ; B�!D� 0�/!+ % ��* 0�/!� :5*�, �,��*�#� 2�.
#�252 � ��)�B�C7 �) 1�,� D3 ; )#+1�� :5*�, ��/!� *�/$,�0#�C
,�01�� �!$ �D��*+ B�!D3 0�/�! S:�) *�/$,�0#�C ,�01�V /!�*5�,
51+)D�+,- ;�� L/!� 5 0�/!+ * �:#+$ 0+/,- /�*� "�, )#+1��
:�!-F�7 0�2 ;7 ,� 0�/!� �1 5�!$�,/$�

�������B
�� &�,1� 1 *�!�#�$2 ��*+ y	�y � y��y 5/,+#+�!��+A,/$ 1�2+#.
*+2�

set format y ′′%2.1t′′

set ytics (5,10)

�� &�,1� 1 *�!�#�$2 ��*+ y	y � y��y 5/,+#+�!��+A,/$ 1�2+#.
*+2�

set format y ′′%4.1s′′

set ytics (500,1000)

�� &�,1+ 1 *�!�#�A ��*+ y�����	� y 5/,+#+�!��+�,/$ 1�.
2+#*+2�

set format y ′′%+−12.3f ′′

set ytics (12345)

�� &�,1+ 1 *�!�#�A ��*+ y1.23 ∗ 10+04y 5/,+#+�!��+�,/$ 1�2+#.
*+2�

set format y ′′%.2t ∗ 10ˆ{%+ 03T}′′
set ytics (12345)

	� &�,1+ 1 *�!�#�A ��*+ y12.345 ∗ 103y 5/,+#+�!��+�,/$ 1�2+#.
*+2�

set format y ′′%6.3s ∗ 10ˆ{%S}′′
set ytics (12345)

P� &�,1+ 1 *�!�#�A ��*+ y�����	 �py 5/,+#+�!��+�,/$ 1�2+#*+2�

set format y ′′%6.3s%cg′′

set ytics (12345)
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� �Y�.� 2������ ���T����

�� &�,1+ 1 *�!�#�A ��*+ y� =�y 5/,+#+�!��+�,/$ 1�2+#*+2�

set format y ′′%.0Ppi′′

set ytics (6.283185)


� &�,1+ 1 *�!�#�A ��*+ y	�y 5/,+#+�!��+�,/$ 1�2+#*+2�

set format y ′′%.0f%%′′

set ytics (50)

0B.B� ?��>�-���>�� ������ ���� X	����5����X

�;<=>?@ ��)��!$�, �/��!-)��+,- � �2$ � *+,5 1+1 ���*�25A �#.
4� 2+B�A� QA:D� � �2$ � *+,+ �*#�)#+0#� �� �*�!$A,/$ 1�!�.
0�/,��2 /�15#*7 � �F�*F�3 / 2�2�#,+ 5/!��#�C ,�01� �,/0�,+
�!� #�*�/,+A9�3 *� #��� �� �$,�C �� /�� �;<=>?@ �#5, �##��
� �2$ � *+,D #+0�#+!� �,/0�, � /�15#*+3 �, � $#�+ $ � ��.
*+� H+0�#+$ / �$,�C �� /�� ,�01+ �,/0�,+ ��2�#$!+/- #+ ]�DH
G!#TR7 1�,� +$  +�#$�,/$ � $#�+ $ ��� ��*+� J+)#�B+ 2�"*5
h,�2� ,�01+2� �,/0�,+  +�#+ ��PP
�
 /�15#*+2�

O� 2+, �� �2�##D3 ,��+ g� �2$.*+,+g )+*+�,/$ 1�2+#*�C

set timefmt ′′ < formatstring >′′ S���V

e+*+�+�2DC � 1+0�/,�� �+ +2�, + 1�2+#*D 4� 2+, �� �*�.
!$�, /��/�: 0,�#�$ *+##D3 ,��+ g� �2$.*+,+g� ���5/1+A,/$ /!�.
*5A9�� /��B�4�1+B��'
wJ % *�#- 2�/$B+7 � 8 ��l
wM % 2�/$B ��*+7 � 8 ��l
wS % ��*7  8 ��l
wp % ��*7 �.3 )#+0#DCl
wu % *�#- ��*+7 � 8 �P	l
wn % 0+/7  8 ��l
w{ % 2�#5,+7  8 Pl
wN % /�15#*+ / 2�2�#,+ ���.�.� ' ��a S�;�v u=?N}Vl
w| % /�15#*+7 B�!�� � � �D��*�7 *���0#�� �!� B�!�� � � ���*�l
w[ % /�1 +9�##�� #+)�+#�� 2�/$B+ S� /�2��!+Vl
w� % #+)�+#�� 2�/$B+�
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���� �Y� Z����	� �"������ ���	��

��!#DC /��/�1 /��B�4�1+B�C 4� 2+,�� �� �2�##D3 ,��+
g� �2$.*+,+g � ���*�# �  +)*�!� $DMGhJI$I N!GTDLGPN z�{�

QA:D� /�2��!D *��5/1+A,/$ � /, �1�7 #� �/� �#� *�!"#D
/, ��� /��,��,/,���+,- )+*+##�25 4� 2+,5� E�2��! ,+:5!$B��
% b$ % /0�,+�,/$ *��5/,�2D2� �h1./!�F )#+0�#�$ S�;;;V 1�#.
�� ,� 5A,/$ � /�2��!D� � � �,/5,/,���  +)*�!$A9�3 /�2��.
!�� 2�"*5 h!�2�#,+2� )+��/� *+##D3 ,��+ g� �2$.*+,+g ��*
4� 2+,D wJ7 wM7 wS7 wn7 w{ � w| �,��*�,/$ �� *�+ *�.
/$,�0#D3 /�2��!+� L/!� *�/$,�0#+$ ,�01+ /!�*5�, )+ ��!�27
� �0�,+##D2 �� 4� 2+,5w|7 ,� /!�*5A9�� *�/$,�0#D� )#+1�
/0�,+A,/$ * �:#�C 0+/,-A� ��* 4� 2+, wp �,��*�,/$ 0�,D �
*�/$,�0#D3 )#+1+7 ��* wu % , �7 ��* w[ % , � /�2��!+7 + ��*
w� /,�!-1�7 /1�!-1� , �:5�,/$�

� �:�!D , +1,5A,/$ �� +)#�25� � �:�! � /, �1� /�2��!��
/,+��,/$ *!$ � +��!-#�C , +1,��1� /!�,#��� �!�  +)*�!�##�.
�� #�/1�!-1�2� � �:�!+2� #+:� + � 4+C!�� H+� �2� 7 4� 2+,
wn w{ 2�"�, :D,- �/��!-)��+# *!$ 0,�#�$ g���g � g�� �g
� �*#� �D +"�#�� g�� �g�

�+"*�� #��5/,�� 2#�"�/,�� /�2��!�� � 4� 2+,� g� �2$.
*+,+g /0�,+�,/$ �*#�2 h!�2�#,�2 *!$ ��B��  ND�C� k+1 /, �1+
` �.h�h�) �B0 /�/,��, �) , �3 h!�2�#,��� �� �):�"+.
#�� #�*� +)52�#�C7 /0�,+�,/$7 0,� ��!-)��+,�!- ��!#�/,-A /�.
:!A*+�, � +��!+ )+��!#�#�$ 4+C!�� � � �/��!-)��+#�� ��B��
 ND�C�

� � 0,�#�� ��*+ / ��2�9-A 4� 2+,+ wS ��!�0�#D P�.��
�,#�/$,/$ 1 �.25 ��157 ��!�0�#D .P
 1 ��.25 ��15�

������� ��2+#*+

NG$ $DMGEM$ XwJhwMhwpb$wn`w{X

0�,+�, *+,5 � � �2$7  +)*�!�##D� /�2��!�2 ,+:5!$B��� � /!5.
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/,��,�!-#�C 0+/,��

erfc(x) 8 �D0�/!�#�� 1− Erf(x)�
inverf(y) 8 �D0�/!�#�� 45#1B��7 �: +,#�C 1 Erf(x)�
exp(x) 8 �D0�/!�#�� h1/��#�#,D�
floor(x) 8 ��)� +9+�, B�!5A 0+/,- x�
log(x)7 log10(x) 8 �D0�/!�#�� #+,5 +!-#��� � *�/$,�0#���

!��+ �42+�
sqrt(x) 8 �D0�/!�#�� 1�+* +,#��� 1� #$�
sgn(x) 8 �D0�/!�#�� )#+1+ + �52�#,+�
� ���*�2 �9� #�/1�!-1� ��!�)#D3 45#1B�C �;<=>?@�
N?><�;S;V 8 ��)� +9+�, )#+0�#�� /,�!:B+ / #�2� �2 ;�
N?><�;}ustS;V 8 ��)� +9+�, �� �DC h!�2�#, /,�!:B+ / #�2�.

 �2 ; � ��*� /�2��!-#�C /, �1��
@��uSvV 8 ��)� +9+�, ,�159�� /�/,�2#�� � �2$�
��!#DC #+:� *�/,5�#D3 � �;<=>?@ 2+,�2+,�0�/1�3 45#1.

B�C /�*� "�,/$ �  +)*�!� � �T$D#�N z�{�

((�1 ��������� �����$�'� ��%��

� 1�2+#*+3 2�"*5 ��B�$2� � !A:D2� /�� ���"*+A9�2� �+.
 +2�, +2� �/,+�!$A,/$ � �:�!D7 � ,� � �2$ 1+1 /��/1� � 1�� .
*�#+,D  +)*�!$A,/$ )+�$,D2�� ��+�+)�#D �)2�#�#�$ ��!�0�#
)+*+A,/$ 2�#�2+!-#D2 � 2+1/�2+!-#D2 )#+0�#��27  +)*�!�#.
#D2� *���,�0��27 � )+1!A0+A,/$ � 1�+* +,#D� /1�:1��

�;<=>?@ �/��!-)5�, , � ,��+ 1+�D0�1 S�<?@u�V' *��C#D� Ss�N��
�� % �V7 �*�#+ #D� Ss�N�� �� % yV � �: +,#D� Ss�N�� �P % �V�

E�2��!-#D� /, �1� � �2�#+ 4+C!�� �: +2!$A,/$ � �*�#+ .
#D� 1+�D01� �!� *��C#D� 1+�D01�7 0,� ��0,� �/��*+ � ���*�,

��	



���� ��� [�������� �����

1 �*#�25  �)5!-,+,5� I,2�,�2 !�F-  +)#�B5 � , +1,��1� /�2.
��!+ \;� k+1 /, �1+

gj,� �� �+$ /, �1+ ,�1/,+� \; j,� �,� +$ /, �1+ ,�1/,+�g

:5*�, ��/� �#$,+ 1+1

j,� �� �+$ /, �1+ ,�1/,+�
j,� �,� +$ /, �1+ ,�1/,+�

� /!50+�7 �/!� �: +2!�#�� :5*�, �D��!#�#� �) �*�#+ #D3 1+.
�D0�1

yj,� �� �+$ /, �1+ ,�1/,+� \; j,� �,� +$ /, �1+ ,�1/,+�y

,�  �)5!-,+, :5*�, /!�*5A9�C

j,� �� �+$ /, �1+ ,�1/,+� \; j,� �,� +$ /, �1+ ,�1/,+�

I: +,#D� 1+�D01� V[ITYF #$GNW � �2�#$A,/$ � � �/��!-.
)��+#�� 1�2+#* /�/,�2D � 1�2+#*#�C /, �1� �;<=>?@�

H+� �2� 7 /�)*+,- #+*��/- #+ � +4�0�/1�2 �)�: +"�#��7 �)
1�,� �C :5*�, /!�*��+,- � �2$ ��� /�)*+#�$7 2�"#�7 �/��!-)�.
�+� /!�*5A9�� 1�2+#*D

set label ′′generated on ‘date +%Y −%m−%d‘
by ‘whoami‘ ′′ at 1,1
set timestamp ′′generated on %Y −%m−%d by ‘whoami‘ ′′

� 5��2 � �2� �2 �/��!-)��+#�$ ��)2�"#�/,� �D)��+ �) 1�.
2+#*#�C /, �1� �;<=>?@ 1�2+#* /�/,�2D /!5"�, �D0�/!�#��
)#+0�#�C 45#1B�� �SvV / ��2�9-A � �� +22D "GIN$NF� E!�*5.
A9+$ 1�2+#*#+$ /, �1+ :5*�, )+�5/1+,- h,5 � �� +225 � � �.
/�+��+,- �D0�/!�##�� �A )#+0�#�� 45#1B�� � � ,�01� v

EVHW U f"GIN$NFf

��P



� ���-� \������ ��������

((�2 	�"�&�'� �*�%���%

��!�)#�C ��)2�"#�/,-A *!$ #+��/+#�$ 1�2+#*#D3 4+C!�� $�.
!$�,/$ 1�2+#*+ DE7 1�,� +$ �)#+0+�, �:D0#�� ��,�!�#��� j,+ 1�.
2+#*+ �2��, *�+ ��)2�"#D3 4� 2+,+�

if (< condition >) < command− line >
if (< condition >) < command− line1 >; \
else < command − line2 >

� �� ��2 /!50+� �D��!#�#�� 5/!���$ < condition > �!�0�, )+
/�:�C �D��!#�#�� 1�2+#*D < command−line >� ��.�,� �2 /!5.
0+� � � �D��!#�#�� 5/!���$ �D��!#$�,/$< command−line1 >7
+ � � �,��#�2 /!50+� 8 < command − line2 >� �+"#� ��2#�,-7
0,� 5/!���� *�!"#� �/��*+ :D,- )+1!A0�#� � 1 5�!D� /1�:1��
< command − line > 2�"�, /�/,�$,- �) � 5��D 1�2+#*� ��.
2+#*D � � 5��� *�!"#D  +)*�!$,-/$ ,�01�C / )+�$,�C� ��#�B
� 5��D �� �*�!$�,/$ !�:� /!���2 else7 !�:� 1�#B�2 /, �1� :�)
)#+1+ � �*�!"�#�$ \�

� � #��:3�*�2�/,� 1�2+#*5 if 2�"#�  +/F� �,- #+ �/��!-.
)��+#�� , �3 � :�!�� 5/!���C� �!$ h,��� �/��!-)5�,/$ /,+#*+ .
#DC � ��2 8 /��*�#�#�� #�/1�!-1�3 ��� +,� �� � �*�#�

if (< condition1 >) < command− line1 >; \
else if (< condition2 >) < command − line2 >; \
else if ...
else < command − line >;

�D��!#�#�� 1�#/, 51B�� #+0�#+�,/$ / � ��� 1� �D��!#�#�$
5/!���$ < condition1 >� L/!� �#� �1+)D�+�,/$ �/,�##D27 ,�
�D��!#$�,/$ 1�2+#*+ < command− line1 > � 5� +�!�#�� �� �.
*+�,/$ � 1�#�B �/��� ��� +,� +� � � �,��#�2 /!50+� �D��!#$�,.
/$ � ��� 1+ �,� ��� 5/!���$< condition2 > �7 �/!� �#� �/,�##�7
�D��!#$�,/$ 1�2+#*+ < command − line2 > � �D��!#�#�� �/�.
�� ��� +,� + )+�� F+�,/$� j,�, � �B�// � �*�!"+�,/$ *� ,�3
�� 7 ��1+ #� :5*�, #+C*�#� �/,�##�� 5/!���� �!� "� #� �1+.
"�,/$7 0,� �/� 5/!���$ !�"#D� � h,�2 /!50+� :5*�, �D��!#�#+
1�2+#*+ < command − line >�

� ��/!�*#�3 �� /�$3 �;<=>?@  �+!�)��+# #��DC 4� 2+,

���



���� ��� [�������� �����

5/!��#��� ��� +,� +

DE VT#�JD$D#�W x^T#MMI�Jov^T#MMI�Jo
^T#MMI�JNo
^T#MMI�JNo

y G"NG x
^T#MMI�JNo

y

� #�C  �+!�)��+# :!�0#DC4� 2+, �D��!#$�2D3 1�2+#*� L/.
!� ��/!� /!�� DE �!� G"NG /!�*5�, �,1 D�+A9+$ /1�:1+ y�y7 ,�
:5*5, �D��!#�#D �/� 1�2+#*D *� )+1 D�+A9�C /1�:1� y�y�

((�3 �%+���/�4�5 ���%�4��

B.B /�>�� ��m

(,� +B�� 2�"#� � �+#�)��+,- #�/��/ �*/,��##� � 1�2+#*+3
!"#$7 N!"#$7 NG$ �  �NG$ / ��2�9-A ��B�� E#P� O� 2+, 1�2+#*D
)+��/�, �, ,��+ 5/!���$ B�1!+� �� �DC ,�� 5/!���$ �2��, ��*

E#P j^lIPDI["Go U ^N$IP$o ` ^G�Jo x`^D�TPGMG�$oyk

�+ +2�, ^D�TPGMG�$o7 )+*+A9�C F+� �)2�#�#�$ �� �.
2�##�C ^lIPDI["Go7 $�!$�,/$ #��:$)+,�!-#D2� �� 52�!0+#�A
�#  +��# ��

�,� �C 4� 2+, �2��, ��*

E#P j^lIPDI["Go D� XN$PD�C #E A#PJNXk

�+ +2�, XN$PD�C #E A#PJNX $�!$�,/$ /, �1�C /!��� H+� �.
2� 7 �/!� ,+1+$ ��B�$ )+*+#+ � 1�2+#*� !"#$7 ,� /�*� "�2��
XN$PD�C #E A#PJNX �� �*�!$�, �2�#+ 4+C!��7 � 1�,� D3 3 +.
#$,/$ 1�� *�#+,D ,�0�1 45#1B�C7 � +4�1� 1�,� D3 , �:5�,/$
#+ �/��+,-�

k�!� B�1!+ )+1+#0��+�,/$ !�:� :!�"+CF�C )+�$,�C ��/!�
#+0+!+ B�1!+7 !�:�7 �/!� )+�$,�C #�,7 1�#B�2 1�2+#*D7 � 1�,�.
 �C  +/��!�"�# B�1!� E!�*5A9�� *�� 1�2+#*D �!!A/, � 5A,
��/!�*#�� 5,�� "*�#��

plot for [i = 1 : 3] j = i, sin(j ∗ x)
plot for [i = 1 : 3] j = i sin(j ∗ x)

��




� ���.� 0����	"�1	� 	����1	�

J�)5!-,+,�2 �D��!#�#�$ �� ��C 1�2+#*D :5*�,  �/5#�17 /�*� .
"+9�C �*�# � +4�1 45#1B�� sin(3x)7 + �,� �C 1�2+#*D % , �
� +4�1+ � �*#�3 �/$3 45#1B�C sin(x)7 sin(2x) � sin(3x)�

� �2� �2 �/��!-)��+#�$ �,� ��� ,��+ B�1!�� 2�"�, /!5.
"�,- /!�*5A9+$ 1�2+#*+

!"#$ E#P jJI$ING$ D� �l P#�k JI$ING$B�BJI$� $D$"G JI$ING$

� � #+!�0�� *�53 4+C!�� *+##D3 o�ts@ � w?�ts@ :5*5, #+ �.
/��+#D � �*#�3 �/$3 � +4�1� /��,��,/,�5A9�3 45#1B�C� � �.
0�2 � � +��2 �� 3#�2 5�!5 :5*�, 51+)+#�7 1+1+$ 1 ��+$ /��,.
��,/,�5�, o7 + 1+1+$ w?� j,� /,+!� ��)2�"#D2 )+ /0�, �/��!-.
)��+#�$ 1!A0+ @�@>u7 1�,� DC � �#�2+�, )#+0�#�$ �� �2�##�C
ts@s�u@� �� 52�!0+#�A S� � �,/5,/,��� $�#��� )+*+#�$ $D$"GV
#+)�+#�$ 1 ��D3 :D!� :D �*�#+1��D� 8 JI$ING$BXBJI$X �

� ���*�2 � �2� D �/��!-)��+#�$ ��B�� E#P � 1�2+#*+3 NG$
�  �NG$�

�� � /,�!$3 / #�2� +2� �, � *� � �/��!-)��+,- /�#�C B��,

NG$ E#P jDU`0k N$S"G "D�G D "T PC[ X[" GX

�� �*+!�,- #+*��/� / #�2� +2� �, � *� �

 �NG$ E#P j$ICU00`�00k "I[G" $IC

���5/1+A,/$ �!�"�##D� �,� +B��� H+� �2� 7 /�)*+#�� #+*.
��/�C � ,�01+3 / 1�� *�#+,+2� S�7 �V � ��*� 0�/�!7 �D0�/!$�2D3
�� 4� 25!� y�����y7 � ��/3�*�, �� 1�2+#*�

NG$ E#P jDU`&k juU`&k b
"I[G" Dr0gu N!PD�$EVXwJX7Dr0guW I$ D7u

kh� #+*��/� �� �*�!$�,/$ )#+0�#��2 �D��*�2��� 0�/!+�

B.B� 4����

� p;<=>?@  �+!�)��+#+ ��)2�"#�/,- � �+#�)+B�� B�1!���

���



���� ��� [�������� �����

J# E#P ^8���	�� >����o x
^T#MMI�JNo
^T#MMI�JNo
y

e+2�,�27 0,� �,1 D�+A9+$ 4��5 #+$ /1�:1+ ,�!+ B�1!+
*�!"#+ #+3�*�,-/$ � �*#�C /, �1� / 1!A0��D2 /!���2 J#�

� 5"� ���/+##D2 *!$ ��B�� E#P g5/!���$2 B�1!+g *�:+�!$.
A,/$ 1�#/, 51B��7 �/��!-)5A9�� ��� +,� DE7 + ,+1"� 5/!����
,��+ ARD"G

ARD"GV^GH!PoW

e+2�,�27 0,� 1�#/, 51B�$ ARD"G 2�"�, /+2+ :D,- �/��!-.
)��+#+ *!$ � �+#�)+B�� �,� +B�C

ARD"GV^GH!PoW x
^T#MMI�JNo
y

�D��!#�#�� 1�#/, 51B�� ARD"G #+0�#+�,/$ / �D0�/!�#�$
)#+0�#�$ �D +"�#�$ ^GH!Po� L/!� �#� #�  +�#� #5!A7 ,� 1�.
2+#*D7 )+1!A0�##D� � 4��5 #D� /1�:1�7 �D��!#$A,/$ � /#��+
�D0�/!$�,/$ ^GH!Po� k+1 � ��/3�*�, *� ,�3 �� 7 ��1+ )#+0�.
#�� ^GH!Po #� �1+"�,/$  +�#D2 #5!A� � h,�2 /!50+� #+0�#+.
A, �D��!#$,-/$ 1�2+#*D7 /!�*5A9�� )+ )+1 D�+A9�C 4��5 .
#�C /1�:1�C�

;��������B � ���/+##D3 1�#/, 51B�$3 J# � ARD"G *��5/.
1+�,/$ ,�!-1� #��DC 4� 2+, ��� +,� + DE / 4��5 #D2� /1�:1+.
2��

� ���*�2 � �2�  +)2�9�#�$ #�/1�!-1�3 � +4�1�� / ��2�.
9-A  �"�2+ M "$D!"#$ � ��� +,� + J#�

������ B

NG$ M "$D!"#$ "IS# $ �7 �
E# PDGPVY7HWUND�V%Bh�rYWhYr�Bh%rT#NVYrHW
J# E#P j!#AGP U 0`%k x
$GPMN U 0rr!#AGP
NG$ $D$"G N!PD�$E VXwC $GPM �# PDGP NGPDGNX7 $GPMNW

�



� ���.� 0����	"�1	� 	����1	�

J�/� ��' �D��* � +4�1�� / ��2�9-A ��� +,� + B�1!+

!"#$ 0B.gN M jYU`$GPMNk E# PDGPVY7HW "T X["ITYX �#$D$"G
y
 �NG$ M "$D!"#$

��2+#*D �) � �2� + ���� /�)*+A, �)�: +"�#��7 � ���*�#.
#�� #+  �/5#1� ���

� � �2� � ���� :D!+ �/��!-)��+#+ 1�#/, 51B�$

N M j^lIPo U ^N$IP$o ` ^G�Jok ^GH!PGNND#�o

�  �)5!-,+,� �D0�/!$�,/$ /522+ �D +"�#�C ^GH!PGNND#�o
� � )#+0�#�$3 �� �2�##�C ^lIPo �, ^N$IP$o *� ^G�Jo�
E��� F�##� #��:$)+,�!-#�7 0,�:D �D +"�#�� ^GH!PGNND#�o
)+��/�!� �, �� �2�##�C^lIPo �^N$IP$o �^G�Jo 2��5, :D,-
�D +"�#�$2�7 #� �3 )#+0�#�$ *�!"#D �D0�/!$,-/$ *� #+0+!+
�D0�/!�#�$ /522D� � /!50+�7 �/!� ^N$IP$o :�!-F� ^G�Jo7
 �)5!-,+, /522� ��+#�$ ��!+�+�,/$  +�#D2 #5!A�

��



���� ��� [�������� �����

((�E �����$� LJ78>

�;<=>?@ �D��!#$�, ��/!�*��+,�!-#� �/� /, �1� �) 1�2+#*#���
4+C!+� � �2$7 )+, +0��+�2�� #+ �: +:�,15 1+"*�C �) /, �17
�0�#- 2+!�� (#��*+ h,� �1+)D�+�,/$ 5*�:#�7 #� � * 5��3 /�.
,5+B�$3 2�F+�,� ge+,� 2�)�,-g �D��!#�#�� 2�"#� / ��2�9-A
1�2+#*D !I NG� E59�/,�5�, *�+ �+ �+#,+ h,�C 1�2+#*D'

pause < time > {′′< string >′′}
pause mouse {′′< string >′′}

�� �DC �+ �+#, 1�2+#*D �D��*�, #+ h1 +# /�*� "�2�� /, �1�
^N$PD�Co � � ��/,+#+�!��+�, �D��!#�#�� ,�159��� 1�2+#*.
#��� 4+C!+ #+ � �2$ ^$DMGo� L/!� � 1+0�/,�� + �52�#,+
^$DMGo �� �*+#� � ��)��!-#�� ��!�"�,�!-#�� 0�/!�7 ,� �D.
��!#�#�#�� � ��/,+#+�!��+�,/$ �2�##� #+ ,+1�� 1�!�0�/,�� /�.
15#*� � 1+0�/,�� )#+0�#�$ �+ +2�, + ^$DMGo 2�"�, :D,- ��.
 �*+#� )#+0�#�� .�7 ,� �/,- �/��!-)��+# �+ �+#,

!I NG 5 Kz"GING !PGNN I�S YGSK

� h,�2 /!50+� �D��!#�#�� � ��/,+#+�!��+�,/$ *� #+"+,�$
� ��)��!-#�C 1!+��F� #+ 1!+��+,5 �� H5!���� )#+0�#�� �+ +.
2�, + $DMG �)#+0+�, #5!��5A )+*� "15� &�"#� /1+)+,-7 0,�
1�2+#*+

!I NG 0 K�5�5�K

��!#�/,-A h1���+!�#,#+ 1�2+#*� !PD�$

!PD�$ K�5�5�K

�,� �C �+ �+#, 1�2+#*D !I NG7 / �/��!-)��+#��2 + �5.
2�#,+ M# NG7 �D)D�+�, �/,+#��15 �D��!#�#�$ � �� +22D *�
,�3 �� 7 ��1+ #� :5*�, #+"+,+ 1#��1+ 2DF� �!� 1�2:�#+B�$
ya?;@w?>.ay� � � h,�27 � +�*+7 #��:3�*�2�7 0,�:D /59�/,���+.
!� � +4�0�/1�� �1#� �;<=>?@ S,� �/,- :D! ��/, ��# 1+1�C.!�:�
� +4�1V�

� 5��� ��!�)#D� � �2� D �/��!-)��+#�$ 1�2+#*D !I NG
2�"#� #+C,� �  +)*�!� zI NG z�{�

��



� ���O� [������ M679

((�Q �����$� O9:=

H+0�#+$ / �� /�� ��7 � �;<=>?@ *�:+��!+/- �9� �*#+ 1�2+#*+7
/59�/,��##�  +/F� $A9+$ ��)2�"#�/,� �� #+��/+#�A 1�2+#*.
#D3 4+C!�� 8 [D�J�

��;t �s>>��;t?��� z��ur.�u�<u;Nu�{ zg�p;<=>?@ N?��s;t��g{

I#+ ��)��!$�, /���/,+�!$,- �� �*�!�##D� 1�2:�#+B�� /�.
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set macros
style1 = ′′lines lt 4 lw 2′′

style2 = ′′points lt 3 pt 5 ps 2′′

range1 = ′′using 1 : 3′′

range2 = ′′using 1 : 5′′

plot ′′dat1.dat′′ @range1 with @style1, ′′dat2.dat′′\
@range2 with @style2
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set macros
A = ′′c = 1′′
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set macros
C = ′′pi′′

if (exists(C)) print C,′′ =′′, @C
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6 +4�0�/1�� �#,� � �,+B�� :D�+A, #5"#D 1+1 �,*�!-#D�
�)�: +"�#�$7 � �*#+)#+0�##D� *!$ +#+!�)+ ,�3 �!� �#D3  �.
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1!+*+7 /,+,-� �!� 1#���� I*#�2 �) /��/�:�� /�)*+#�$ /!�"#D3
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set terminal latex
set output ′picture.tex′
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set terminal png
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set terminal epslatex
set output ′picture.eps′
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\begin{gnuplot}
plot sqrt(x) title ′$y = \sqrt{x}$′
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