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Introducere

� pCH�M N�K�� � ^�� _CM N��_Za"^ � \ ' � _CJ��_R^=aZ_CpCH�M N K _  �aCJ�H�M N K �hc _CJla0�n' � _CJ	�_ ^=a p
� _CM N�K J�a0� ���_=I _CM
� �"a=IeJTH  "H�M N K�'
� _CJ	�_�
�����_lI a=^LJL_CM N K�JL_lI�M�HL_n_CJ�HL_ ` M _��


 a ` H ��]�_CM�H�� _CJTH ��Ie] ��Ib_�� _lI�H c _ �4]  $a"c
_�� ` MhIb_CJ�M
� �qH����_=I�M K H��$JL_ ��Ie] �"c H	�4H�c H  "H 
�oLK J��_�'��4IbK J	�_CM
_lI ���_=I�HL_  =HnJLK�a� �_CM
� K�^�� ]�I �5_CM K JL_�� ��IbK�^��6HTM�]0 "Hlc H HLK�� H ` M�Hn_  "H ` HL_U] N` M K�K�^LM N��_3HhG��qHlI K"�4H�^LM _=c��_�� ��_�I H�a
p��_5K�^CpqK M ` �_! "H ` J�]���H�IbK M N K � \��fa=c�H G ��H�IbK"�6Hl^LM��_=^  
'


 a ` a"^LM��3a"c M�H c�aCJ�I a=I K _ ` H	�4H�^CHL_ ��Ie] ��Ib_��6Hlc ]�I � ��HQJL_lIeH ` �_ c H ��]"M N K!��_CJ�H N` K  "H ` � _CJ�Hd_�N` _  "H
a�N` ]�I � ��H�^CMhI anJ	�_U^"a ` a"^CM ��I�HL_ � a=c M�Hnc�aLJlI a=I K JL_�I�H ` �_ 

H"�#�_CJ�aCM�H  �K�^R^�K"� K J$�%
 K"� K J �5_CM�H�I K�_=c&�$p"I�HL_=a
` �_RoLK J"' \ _=c J�a=c _CM�]�_lIeHlc Hd^LHQ_lI _CM��_RJ	�_ZHhGlK ` M��_ a=^ J�HTpq_dK"�5_CM�H�IbK�_=c J�a JC_�I�H �"aLM�H � ]���H�Ib_ N` K JL_lIeH ` H
��]�_CM�H � _=^�K � H ` M _ ��I K�^RI�H�o�a"c M _CM�H���_=c��q_���K�c H"' F!a���H�I ` ]�^�_=c ` a"^CM ��_ ` K ]�^�_CM  =H K�^�� ]�I �5_CM K J	�_ 

K�^� =J	�_ HL_
� � �5K�_�Ib_CM��_ J	�_7H�� H�JTM K p ��]"M MhIb_=^ ` � ]�I � _3c�aCJ�I�a"IbK�c H'� ]$c ] ` K�^� (� �  "]�_�I�) K�^
��]�I �5_CM NbK H='*� ^5JL_=c J�a"c _CM�]�I _=c J	�_CMhaqK M
 �K�^CMhI&��] �$I+�_�� _  ,�_  =H ` �_=I �4H N` K �"c _ ` M K J�� ` HvMhIb_=^ ` � ]�I �-�_ J�a5^�KeN` M�H!��I�]��$I _��4H �=a ` H!�qH Hlc#� � ^CMhI&��] � _�N` K�^��_=I K H
J�]$c ] ` _=c��_��  "H 
�H�JL_lIeH  �_CM��_ _=c M _�� ���_Z^"a J�I�H  =H�M N K,J	�_ _ ` M�HC_ ` a"^CM ��_ ` �4H�.4HhG"K ` M��_n]-� � ^CMhIeHL_ �,�_3M�H�]�IbK H _
�5_�N` K�^qK�c ]�I p�K�IeMha�_=c H JL_lI�H ` H3]�Jla0��� _  =H _ ` M�� H�c� =H���Ie] �"c H	�4H%/ Jla0� ��]"M0� _CJ�H3J�H�p�_ ` �_ �q_lI+�_ _=c M�J�HTpq_��
� ]$c ] ` K�^   "]�_�I K�^�� ]�I � _CM N�K H='

\1�_!� � ^ ��������\ ^"a ` H ��]�_CM�H ` J�IbK H5p=IeHT] _��"c K JL_CM N�K H ��I�]	� H ` K ]�^�_=c��_4H ` M�Hna"^nc�aCJ�I�a JL_lIeH  "H�p�K�^LH5HTpqK  =H�^LM
]�IbK J�aqK N` M K H N` K,a=^ c K"� �q_�2 �5_�K ` HlI K ] ` ' � ��^ ` �_ � \��ha"c�H ` M�Hna"^3JL_=c J�a"c _CM�]�I  �I��_ �$aLM N3���qHl^LMhI�a JC_�I�H ` � _=a ` J�IbK `
] ` a0�4H  =H�^qK H  =H�2�]�J�a=I K!K�^LM�HlIeH ` _=^LM�H"'�43K ` H ��_�I�H4JL_=c J�a=c _CM�]�I a=c
K  "HL_=c ��H�^LMhI�aRa"^ �=a�N` M K�JL_lI�H�� � ^LJ�H �qH ` �_
� � ^CpLHTM N H ` �_�� ���=aLM�]$^LH�o�H�)
' � ` M _ �qHl^LMhI�a J	�_ �q_lIeM�HL_ �5_�K�_CMhI _CJTM K p��_ � ��Ib_ 

JC_ 
 H ` M�H ��K�^LH  "H�oTpL]$c M _CM��_�' � N�K�H
N` K��3a"c M �5_�K�K H�� M K�^5JC_na=^65 \ '

� ��^LMhI�H ��H�I ` ]�_=^LH�c HRK"� �=c K JL_CM�H�� � ^ _CJ�M K p�K M _CM�HL_  �K  �_CJTM K J	�_  �K�^�K�^�� ]�I �5_CM K J	�_4HhG"K ` M��_3] c�a=^����_ ��]�c H	�5K J	�_
��IbK pqK M�]�_�I�H c _ � ������\ '75 I�]��=c H	� _ ��IbK�^LJCK"�q_=c��_U^=anH ` M�H  �_CJ	�_Uc K"� ��_�2ha=c�H ` M�H ` _=aU^"a��"a=^$� JLK  �_CJ	�_3H ` M�H
` _=aU^"a  ��_=a=^��_CM�]�I '8
 a��"aCM N�K�^�K ` a"^CM J�HLK!JL_lI�H _ 
,I �7�_4J	�_ ����� �V\QH ` M�Hna=^ c K"� �q_�2 JL_lIeHU^"a8� � ^CJ�a"Ib_�2�HL_Co��_
���_=^� �K�IeHL_  �K ` JLK"�=c K�^q_CM��_3N` K���JL_4_CM _�I�H�� ��]�_CM�H ` �_  �aCJ	�_7c _  "H	��IbK�^� =H�IbK ^LH�� _ ` M�H ��H�^CMhI a3JLK�^LH�p�_4JL_lI�H p=IeHL_ ` �_
c�aLJlIeH�oTH6JTH�pq_ �5_�K	 "H ` K�^�� ]�I �5_CM K J	�_�' F!a J�I�H  nJ	�_ � ������\ � \RH ` M�H3a"^3c K"� �q_�2 ` a 
�JLK H�^CM  =H �"a=^ ��H�^LMhI�a
��IbK"� a=c c K"� �q_�2!��HUJL_�I�H8� � c	� � ^Cpq_CM N��_3JLK�^LHTpq_�' � ��^ ��IbK"�3a"c I��_=^  �qHl^LMhI�a�J	� _nH ` M�H-� ]�_lI�M�H ` K"� �=c�a$� K�_lIv_CJ�H ` M
c�aLJlI a ^"aRH ` M�H  "H c ]�J  =HQ^CH ��c K 2 _CM�' �9� � ^LJTH	��H�K�^
��]�I �5_CM K JL_nJla ��� ����\6� � ^ ` HL_�� ^��_U_�� � ^CJ�H	��H a"I�J�a�N` a"c
�3a"^LM�Hlc�aqK J�a �q_=^LM _ZJ�HL_ � _�K c K�^��_�'(
 aRM�]�_CM��_Uc�a0�4HL_np=I�HL_ ` �_-� _CJ��_n_=c��qK�^�K ` �n':5$H  =H�_=c M��_��q_lI�M�H�� H
` a 
�JLK H�^LM  "H! �K ` MhI _CJTM K p JL_ ` �_ ` M K"�3a"c HTo�H �qHlI ` H�pLHlIeH�^CM N _ N` K$J�a"IbK ]"oLK M _CM�HC_3J�aqK p�_�'
� � _CJ	�_ ` a"^CM�H�M N�K ^L]$a�� � ^5K�^
� ]�I � _CM K J��_�� ` �_=IbK M N K�p��_3I�]�����H ` M�H a"I �7�_CM�]�_lIeH�c H  "]$a��_ �q_lI _ �$I _�� H 

� H _=c M�� H�c&��I�]��4JL_ ^qK"�4H�^qK ` �_ ^"a ` H ]���I�HL_ ` J	�_ _�K JLK�' ���_ ��IeHLK�_  �K�^ � \UJ�H�HL_ J�H H ` M�H!�"a=^�'���_lI�Hla J�I�H  

J	�_ _lIeH � a=c M�H4c�aLJ�I�a"IbK;� � M _lI K )�<���H�^CMhI a5J�Hlc"JL_lIeH N` M K H _ ` _�� �"c _lI�H*= �0���=JLK M K�I�HL_ ��Ie] ��Ib_��6Hlc ]�I
J�H J�]�^ ` M K MhaqK H
K�^LM�HlI ��I�H�M�]�I�a"c � ������\  �K�^ �;�'4 ��]�_CM�H 
R]Rc H�J�M N K H �=c K�^��_  =H�� � ^Lp��_CM N>�_�� K�^CM�H"'�4 K H �5K � _ �"c��_CJlaLM � _�K�_=c H `
J�a��>H ` J�I K ` N` K;��]�c ] ` K MvHTpq_=c�a�_CM�]�I a=c?/ a"^�_  =H�p��_=I _CM H	�3a"c _CM�]�I  "Hnp�K�I �$a"c��_A@�]"M _=^LM��_%/ N` K ��_�I�M�HL_  "H
JL_=^�_=c H��!JL_�I�H4H ` M�H a"^ JT]�^LJTH	�LM  =H5]��"aCM�H�IeH3H ��_=c��_ J�a JTHL_  �K�^5J�Hlc H �5_�K �"a"^CH ` K ` M�H	�4H  =H5]���H�Ib_lIeH"'
� _CJ	�_ ^CH a�K M��_�� c _Q_��=c K JL_CM N�K�K�c HUJL_lIeH ` H  =H�o�pC]�c M��_'� � ^ a=c M K"� _Up=IeH �6H �qHB5 \��fa=I KC/iJ�a'2�]�J�a=I K  "H

&�s���47]?� _CMha"^LJCK ��I�]��$I _��4H�c H  =H���H �;5 F!\;D �1��4�� aCM K�c K o	�_=^  d^"a�� _�K E���E% "H��4H	�4]�I K H�� ` a"^LM ^qK�N` M�H
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JL_���]� "] �qHlIeH"' \ a0� ] � ` H�Iep�_ a"^ K�^�� ]�I � _CM K JLK�_=^R_��6H�IbK JL_=^�.:� � ]�_��6H�^�K�K _=adaqK M _CM ` �_ ` J�I K H ��I�]��$I _��4H
` Jla"I�M�H$� )
���_ pC]�I �qK"� _CJ�a0�+ =H ` ��I�H6_CJ�HC_ ` M��_ JC_�I�M�H"' F�_ ` Hvp=I�HL_1� � ^ _CJTH�c _�N` K=M K"� � a"^ � _=^=aq_=c � JC_�I�H ` �_ ��IeH�oCK�^LM�H

c�aLJlI a=I K�c H�� � ^LMhI � ]R]�I  �K�^LH���I�]��$IeH ` K p��_��,�#�_=I��_3_ ` H ��_CoL_ ��HR^L]"M N K�a=^qK ��HnJL_lIeHU^"aQc H � _ HhG �=c K JL_CM! "H+2 _ 
! �_lI
a"^=a"c�J�] � �=c H�M ��_  �K J	�_ ` �_ ` �=a"^��_5M�]=M J�H�HC_3J�H5M N�K�^LH! =H � ������\ � \ 
T' � J�H ` M�H  =]�a��_4J�HlI K�^CM N�H ` a"^LM!� ]�_�I�M�H
��I�H�a  "H�� � � ���_CJC_CM�' \ IeH  J��_ M�]"Mha�N` K _�� I�H�a�N` K M
��� ]$c ] ` K�^� d] N` �6HTJ	�LH�IbK H�.  =H 
�H�JC_�I�H  �_CM��_QJ	�_=^� ]
^L]=M N�K�a"^CH MhI�H	�"a�K�_RK�^LMhI�]  $a ` �_��  �_lIv^CH�J�H ` K M _UJ�a"^C]
N` M K�^CM N�HUa"c M�H�IbK ]�_lI�H�� _�� _��-�_=^�_CM HhG��"c K JL_lIeHC_Ra"^C]�I _  �K�^
��I�]���IbK H�M��_CM N�K�c H3HLK�' � ��^ M�H GqM ` a=^LM8� ]�_�I�M�H �3a"c M�H3MhIbK"� K M�H�IbK�� � ^�_�K�^LM�H �  "H �"Hl^"a"c � � pCH�oLK \ _���K M�]�c�a=c &���)�
T' F�K
�qK�^CH�� _CJ�H ` M�HL_ �q]=M 
QJ�]�� �"c H�M K ��^C]�I _CM�H  "H3JLK M K M�]�Ivc _ ��IbK"� _7MhIeHTJ�H�I�H"' � H�� _�� �"a `  =]�_lI JL_ ` �_ ` HnN` M K H
J	�_4pL]�K$IeH�pCH�^�K,_ ` a0��Ib_ a"^L]�I _ ` ��H�J�M�H�� ` _=a5J	�_ H�c H4pL]�I 
  =H	�"c K�^�� � ^LM N H�c H ` H5_��qK�_ �5_�K=M��_=I�oLK�a�' \ K M K M N K�JL_lIeM�HC_
� � ^4]�I  �K�^LH����3�_=I��_ _7p��_3c�� _ ` _  �K ` MhI _ `  "H4H�c H"'

� ^LH GqH ` a"^CM �3a"c M�H��� �_�I K�^LM�H�I�H ` _=^CM�H"' � J�]$c ] ` a"^LM ��I�H�o�H�^CM _CM�H�N` K ` ]�c�aLM N K�K�c H MhaLMha=Ie]�I HhG�H�IeJCK M N�K�K�c ]�I�� �qH
JL_lIeH3_�� � � ^LJ�HlIeJL_CM ` �_nc H8� _CJ5J��_CM � _�K�_��3aLoC_=^LM�H��  �_lI M�]"M�]� �_CM��_ N` K!K�c�a ` MhI _CM K pCH ��H�^CMhI a  �K pLH�I ` H3M�H	�=^qK JLK
 "H ��Ie] ��Ib_�� _lIeH='

\ _�I�M�HL_ _CJTHL_ ` M _4_�� ` J�IbK ` ��]�� � ^4a"I �7�_ Jla6] �LM _=^�K���J	� _=^� 5H�Ib_��B� � ^ c K J�H�a�' � Mha=^LJLK�_���_�IbK M N�K�_ HLK"_lI 
7��] ` M
JL_CM�H �=]�I K J � a=c M �5_�K!aLM K�c�� _ � ��H�^LMhI�anJ	�_ 5 \?�ha"IbK$pLH  =HL_�K �5_�K!Ib_�I c _U^L]�K 
��� �_�I  �K�^ ���_CJC_CM�H N` K,K"� ��] ` K"�qK�c��_
� _=c M�H4p=IeH � a=I K�'�'�' 
�' � a0���_4JTH � K � _�� �3�_CJ�aCM ] ` ]�J�]=M�HL_=c��_5_�� oLK ` J��_ ��]�_CM�H ^qK JLK!_CJ�a0� ^"a
� K ��I�HL_5M�� _=IeoCK�a
N` K!_�� oCK ` ` �_!� � ^LJ�H�I�J � _lIeHC_4J�a  "H"N` Mha���'
� Hna"^nc�aCJ�I�a*� � �5K ��_�I�H3I+�_=a$. ��H5p=IeH	�4HL_3_CJ�H�HL_U^=a�N` M K�_�� J��_CM  =H K"� ��]�I�M _=^LM��_ H ` M�H5]���K"�"c K ]��$I _ 
�H$�

� N` _RJ	�_ ^"a �5_�KvN` M K�a� "H ��Hda"^  "H _�� ��IeHlc�aq_CM K�^
��]�I �5_CM NbK�K�c H ��HQJL_lIeHRp�K c HRHhG��"a=^�' � � _lIeH �q_lIeM�H
` a=^LM5]$I K ��K�^q_=c H�� IeHTo�a"c M��_=^�  �K�^QHhG���H�I K"�4H�^CM�H�c H �4H�c H��  �_lI  �_CM�]�I�H�o � a=c M � _=^=aq_=c H�c ]�I JL_=c J�a"c _CM�]$I a=c�aqK
SPECTRUM

'$� ` a=I ` �_3^CH	��I�H�M N a�K M��_5_"� ] ` M The Complete Spectrum ROM Disassembly
 "H ��_=^

� ]���_=^ N` K ��I _=^��7��� � _�Ib_����=a0�=c K JL_CM��_  =H 45H�c���]$a"I�^LH � ]$a ` H0� � ^ &����"?$' �!H�o�]$c pq_lI�HL_Ua"^=aqK�_  �K�^3HhG�H�IeJCK M N�K�K
�  =H5_ ` M _�� � � K=_  �aLJ3_�� K�^CM�H 
 ` H! �_CM�]�I�HlN` M�H ��IbK H�M�H�^"a=c�aqK �6HLK$\ IbK ` M K���I��_=^CJ�a �fF=G�H�IeJCK M N�K�a"c�8  �K�^n\ _��qK M�]$c�a"c
&L?�
�'�4 a"c M N a0�4H ` J��,\ IbK ` M K�'
��_CM��_ J	�_4_�� _�2ha"^ ` c _ �q_lI�M�HL_ �3a"c M N a0�5K�IbK�c ]�I ' � ��^ ��IbK"� a=c�I+� _=^� n_CJ�H ` M�HC_ ` H6JlaLp�K�^ _  �I�H ` _CM�H  =]��3^"a=c�aqK

��I�]	� H ` ]�I ��]�IbK�^7D a  "]�I���JL_lIeH �*� _�� � ^  "H	�3^q_CM _CJ�a�� ]��CM _=^qK ` �_ ` JlI K�an_CJ�HL_ ` M��_5JC_�I�M�H"' � � ] ` M a"^Uc�aLJ�I�a
� ]�_�I�M�H6K"� ��]�IeM _=^CM ��H�^LMhI�a�� K�^CH�� ��H�^LMhI�a J	�_ �5K � _4_lI+�_CM _CM J��_ ��]"M ` �_0� _CJ ` K�^���a=I ] ��I��_��5_  ��_  "H3c�aLJlI a=I K
� JlIeH  RJ	�_ 
�H�JL_lIeH  �K�^LMhI�Hn^C]�K��q]�_CM�H"'�'�' 
T'


 a ��]=M ` �_ ��I�H�JLK o�H�o5K�^�@ aCH�^LM N�H J�]�^CJ�IeHTM�H��� �_�I ` a=^LM ` K ��a=I J��_ _=a8� ] ` M ] �3a"c M N K"�6H1� � ^6_CJ�HL_ ��H�IbK ]�_  ,�_��
 �K�^ �q_lIeM�HC_5J�]$c H ��a=c�aqK �4H�a 4 K ��_�K � ]�K J�a�' � ��K �3a"c M N a0�4H ` JnN` K c�aqK�'

� ��^ 
 ^CH��!p��_ �3a"c M N�a0�4H ` J  $a0�3^LHL_CpC]�_ ` MhI+�_ ��H�^CMhI anH���]�IeMha=c 
 ^�_=^LJLK�_lI  "H	�=a ` N` K�� � ^CJ�IeH  "H�I�HL_ _CJT]�I  �_CM��_
��IbK�^ J�a�� ���_=Ib_�I�HL_5_CJ�H ` M�HLK!J	�_=IeM N K�' � �qHlI ` �_3^=a5p��_ �q_lI+�_ � ��]�_lIeM�H 
 I��_=a�'

4 K ��_�K � a� �K�a
� aLJla"I�HlN` M K�� &�� � a ��a ` M5&�����s

12



Chapter 0

Terminologie

� ^5JL_��qK M�]$c��=c K J�M K ` K M�]�I��� �_�I a=^ I��_=a3^LH�JTH ` _lI J�a ��IbK pqK�I�Hnc _�.

�
��Ie] ��Ib_��6H�<

�
J�]��4H�^LoCK N` K�� a"^CJ�M N�K�K�<

� ` H�Mha=c  =H5JL_lI _CJ�M�HlIeH�<

�
�q_lI _��4H�MhIbK�<

�
H�Ie]�IbK�<

�
M K"�"a"IbK  "H! �_CM�H�<

�
J�]�^ ` M _=^LM�H N` K$pq_lI K�_���K�c H"'

5�H�^CMhI a _7K�^� �K JC_na=^"aqK!JC_=c J�a"c _CM�]�I,J�H4MhI�H	�"a�K H ` �_���_CJ	�_��=MhIeH �"aqK H ` �_�� K=HhG���I K"�-�_��) "]$c HL_=^LM N H�c H3^L]�_ ` MhIeH
� � ^CMhI&�ha"^Q_=^"a��6H � HlcV' � aLJ�J�H ` K�a"^CHL_  =HR]���H�Ib_CM N�K�a"^�K ��HRJL_lIeHRH�c ] p�_RHhG�H�J�aCM _ �q]�_�I�M��_  "H�^=a0�5K�IeHL_  "H
program

'!5 I�]��$I _��3a"c�H ` M�H�/  �K�^ �"a=^LJ�M  =H pCH  "H�I�H _=c�]��3a"c�a�K�/ma=^5M�HhGqM�� � ^LMhI � ] _=^=a0�5K M��_-� � c K"� ���_ )?�
��HRJL_�I�H N` K JC_=c J�a"c _CM�]�I�a"c ] � � ^LM N H�c H �"H"'�� J�HL_ ` M _ H ` M�H  =H ` Mha=c  =H ` �_=I��_CJlaLM N>�_'� � ^�JT]�� �q_lI _CM N�K HUJ�adc K"� ��K�c H
pC]�I ��K M�H� "HR]�_��4H�^�K�� � ^ �4]� ^C]�I �5_=c&� N` K  =H _CJ�H�HL_ ^=a0�5K M��_ limbaj

' 
 ]�K ] ` �_ ` Mha� �K H	� � � � ��I�H�a"^��_
c K"� �q_�2ha=c0��H JC_�I�H4^qK�N` M�H _��6H�IbK JL_=^�K�c � _=a5^=a0�5K M������ �V\ ' D,]=M _�N` _ J�a�� c K"� �q_ I�]��-�_=^��_v_lI�H ] ` a0�4H  "Hl^qK H
 "H! �K�_=c H�J�M�H��,_�N` _nN` K���� ����\?�ha"c�J�a=^L]�_�N` M�H �5_�K � a=c M�H*��]�I �4H"'�� ]�� ` Mha  �K�_7pq_lI K�_=^CM _ ��H4JL_lIeH4]���IbK J�H	��H
JL_=c J�a=c _CM�]�I a=c � \ �ls�'

� � � _ ` K J�) � � ^ ` HC_�� ^��_%� � ^ c K"� ��_RH�^ ��c H�o	�_B� �  "H �q_Co	�_ )
' � � ��� ����\ ) H ` M�H-� � ^Rp�K oLK�a"^CHL_ J�I�HL_CM�]�I K�c ]�I ` �_�K
��I�H ` J�a=IeM _lI�HL_  "H3c _�� �

Beginners’ All-purpose Symbolic Instruction Code
)?��_  �K J��_ J�H�p�_  =H �"H�^=a"c

� ��\,]� �a"c� "H3K�^ ` MhI�aLJTM N�K�a"^�K ` K"� ��]$c K J�H �"a"^CH��hc _�� M�]�_CM�H ��H�^LMhI�a�� � ^LJTH	��� _CM�]�I K�' )

� N` _ J�a0� � � ^4J�]��3a"^�K JL_�I�HL_  �K�^CMhIeH4]�_��4H�^�K	��]�c ] ` K"� ��Ie] ��]"oLK M N K�K
N` K�� Ib_Co�H�� � � ^ J�]��3a"^�K JL_lIeHL_7J�a5JL_=c Jla
�
c _CM�]�I�a"c�� ]�c ] ` K"� linii

 =H5M�HhG�M JL_�I�H3J�a0��IbK�^� 
instrucţiuni

_=c H c K"� �q_�2 a"c�a�K	� � ^5JL_�I�H%� _CJ�H	� JT]��3a"^qK JC_�I�HL_�'
��_CM��_7a"^3HhG�H	� �=c�a  =H c K�^�K H ����� �V\ .
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�
jlA 2 &�� <�j��������U@"A,:CB�< 2 � 2�+	���nB�[���< 2


 an^CH ��I�H�]�J�a0���_��  "H�]�JL_��! �_CM��_  =H � � ^LM N H�c H ` a"c�HLK�'�5�H�^CMhI a5J�HCK�HhG�MhIeH	�  =H J�a=I K ]
N` K�� �"aCM�H	�  "H�oTp�� _=c�aqK
J	�_��	� � ^Ua"I � _7HhG�H�J�aCM��_=IbK�K K�^ ` MhI aCJ�M N�K�a=^qK�c ]�I J�a���I K�^ ` H�� � ^ _CJ�HL_ ` M��_Uc K�^qK H�� � \��ha"c�MhI�H	�"a�K H ` �_ ` J�IbK H ��H3H�J�Ib_=^
^"a��6HlIeH�c H  "Hnc _U&5c _U&������ � � ��I�H�a=^��_ J�a ���_CMhI _CM�H�c H3c ]�I�' � ��^LJ�H�I�JL_CM N K �hc �

\ _=c J�a"c _CM�]�I�a"c H ` M�H a"^B� � ` J�c _Cp ) �qHlI&� HTJ�M ��J	�_=^  � � ^LM N H�c H �"H JTH�p=I�HLK  "H c _UH�c 
T' �
J�]��=a"c ` �_=aUH ` M�H ` �_
_ ` Jla"c M�H JT]��4H�^LoLK�c H���IbK"�5K M�H�N` K _���]�K ` �_Rc H3HhG�H�J�aLM�H=' � ��^ ����� �V\ � � K �"aLM�H � K"� �"a"^CH  "]$a��_ J�]�� ��]�IeM�� _=I K
 �K ��H�I K M�H�.

�
�qHl^LMhI�a 
�H�JL_lI�HRc K�^qK H���IbK"� K M��_���H�c!MhIeH	�=aqK H ` �_0� � ^  "H	�=c K�^LHL_ ` J	�_RK"�4H  �K�_CM J�]��4H�^CoLK�c H MhIb_=^ ` � K ` H � JC_
� � ^5HhGqH � �=c�a"c� "H �5_�K ` a ` 
�<

�
MhIeH	�=aqK H ` �_n_  �a=^LH � _�K � a=c M�HnJ�]��4H�^CoLK�� ��HUJL_�I�H ` �_Uc HUHhGqHTJ�aLM�HQ_���]�K,� � ^CMhI&��]Q_=^"a�� K M��_n]�I  �K�^LH� a"^UHhGqH � �=c�a  �K�^ JL_CM�H �=]�I K�_ J�]��3a"^�K JL_CM N�K HLK K�^LM�H�I �fa�� _=^CH�.�� � ��_ �q_=^�K  �K�^  �a"c _����  $a
��M�H����_=^��_ c _
c K"��I+�_=I K�_7J�HL_ � _�K�_���I�]���K�_CM��_ N` K!J�a�� ���_=I��_nN` K ��H�^LMhI�aQ^L]�K � K�^=a"^�_CMha"c �5_=^"aq_=c� =H � ������\ ��H�^LMhI�a
� \ ��s;� )�
T'

� ` M���H�c� =H J�] �6Hl^LoLK ` a"^CM ` MhI+�_=^ ` HUc _C]�c _=c M��_�� � ^ J�HTHL_UJ�H ` HU^"a��6H"N` M�H a=^ program
' ��_CM��_ a"^ ` J�a"I�M

HhG�H	� �"c�a$.


 ��jlA���&
� <�j����
��� @"A,:CB�< |�<���� 
 � ���R@�|�@�["A���� :LB�~������Cz�|�;$:lk �$k ��| ;=|�9"Y�<�|��
��� B�[���<��
��� j���["A���� :CB ��[=A
;=[�� � :CB�~��
���)��jlA 2 &�� <�j!� 
�
 ;=<�[�@�"
# � @�9�j=< 2 � �$�U{�A�|�� @�|�@�["A 
 �%� � ��� 
#�
 @�|=Y
;=[ ���
& � B�[���< 2

\ _ ` �_ pLH  =H�M N�K J�H � _CJTH _CJ�H ` M ��Ie] ��Ib_�� _CpLH�M N�K ] ` K�^ ��a"I��_ �4H�M�]� ��_�. ` J�IbK H�M N�K �hc N` K _���]�K M _ ` M _CM N K A�Y�B '
\ a0� ` H � � ^CM��_�� �"c��_ M�]�_CM�H6_CJ�H ` M�H ��I�]"o	�_CpqK�KlpL] �+ "H ` c�a�N` K���H��h^� "Hlc H�M�H  "H � _ c�a"^ ��a"c=J�H�c ]�I &��n&�'"84JC_��qK M�]�c H
JL_lIeH � _�K$a"I �4HL_Co	�_�'
���_ pLH  =H	�OJ�H�� _�� � � ^Lp��_CM N _CM
.vK�^ ` MhI�aLJ�M N K�a"^qK�c H �qH3JL_lIeH c H  ,�_�� JL_=c J�a=c _CM�]�I a=c�aqK ` ��I�H5HhG�H�J�aLM _lI�H ` H ��]"M

J�] � ��]�I�M _�� � ^  =]�a��_��4]� �a"IbK  �K � H�IbK M�H"' � NTK _=^=a0�4H�� a=^LH�c H  �K�^CMhIeHUH�c HnpL]�I 
 HhG�H�J�aCM _CM�HZK"�4H  �K�_CM J�HR_=a
� ] ` M MhIb_=^ ` � K ` HvJC_=c J�a"c _CM�]�I�a"c�a�K � c _4_����_ ` _lIeHC_ M _ ` M�HCK \ � /

Carriage Return
��^"a�� K M��_  "H _ ` H	�6Hl^LHL_

F;
 D F � <�HL_7H �"c _ ` _CM��_ ��H _=c"MhI�HLK�c HL_UI��_=^  *� � ^  �I�HL_��LM _ 
��,K�_�I a"^CH�c H3pL]�I�
 �"a ` Hnc _ ���_ ` MhI _lIeH ��H�^CMhI a _

�H GqH�JlaLM _CM�H � _�K�M��_=IeoCK�a$��� � ^�� � ^=c��_=^CM N�a�K�IeH5Jla _=c M�H�c H�/ � ]�I �7�_=^� na=^ ��I�]��$I _��n'

\ _�I�H H ` M�H  �K � H�I�H�^CM N _  �K�^LMhI�H _CJ�H ` M�H  "]�a��_3M K"�=a"IbK  =H K�^ ` MhI�aLJ�M N�K�a"^�K)( 5 �_�K�� c K�^qK�K�c H3JL_lIeH K�^CMhI+�_�� � ^ ��I�]	�
��Ib_��3a"c ����� �V\�� � ^LJ�H � J�a ] etichetă

�,K�_�I J�H�c H�c _=c M�HR^=a�'RF�M K J	�CH�M _�� � ^ ����� �V\ � \ �ls H ` M�H a=^Q^"a��7�_=I
� � ^CMhIeH �?�=J�a0��IbK�^ ` � � ^LMhI�Hn&6N` K��0�0����'�5 I K p�K M N�K=J�H�c H  =]�a��_ HhG�H	� �=c H  =H �5_�K ` a ` N` K�K  =H�^LM K 
�JL_CM N K=H�M K J	�CH�M�H�c H ` _=a
c K"� ` _Uc ]�I �6\ _7pCH�I K 
�JL_lI�H��,p��_ ` �"a"^nJ	�_ _=c� "]�K�c HL_3HhG�H	� �"c�a H ` M�H%� ]�I �5_CM  �K�^ �Uc K�^qK�K!JC_�I�H _=a$��� � ^5]�I  �K�^CH��
H�M K J	�CH�M�H�c H 
 � ��� � ��� � ��� � �*� � # � � #*
 � & �!'


 a _��  "H ` c�a�N` K M�� � ^CJ	�_�� ]�I � _Za"^CHLK c K�^qK�K�'B� c K�^�K H ��]�_CM�H ` �_UJ�]�^CM N�K�^��_Uo�H�I�]?� a=^q_ ` _=a �5_�K � a=c M�H
K�^ ` MhI aCJ�M N�K�a=^qK���������\!JL_�I�H���_CMha=^LJLK!J	�_=^� ` H4pC]�I H GqH�JlaLM _��!]5pC]�I;� _CJ�H!� � ^4]�I  �K�^LHL_ 
,IeHL_ ` J	�_��� =H3c _ ` M��_=^���_
` ��I�H  $IeHC_��LM _�' � ��^ JC_Co J	�_n]dc K�^�K H J�]$^LM N�K�^LH � _�K � a=c M�H K�^ ` MhI aCJ�M N�K�a=^qK�� H�c HUMhIeH	�=aqK H ` �_ 
�H ` H	�q_lIb_CM�H  "H
` H � ^=a"c � � . ) �  "]$a��_��=a"^CJ�M�H 
�' � ��^�_=c  "]�K�c HL_RHhG�H	� �"c�a�� c K�^qK�_UE �RJT]�^LM N K�^CH ] ` K�^��$a"I��_RK�^ ` MhI aCJ�M N�K�a=^LH�� �qH
J	�_=^� Rc K�^qK�_3?0�3_lIeH  =]�a��_�'
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� _�K ` �_4pCH  "H	� c _5J�H"� ]�c ] ` H"N` M�H ]nH�M K J	�CH�M��_�'

�
5�H�^CMhI a _ K  "H�^CM K 

JC_ ]4c K�^�K H"' � ��^ ��Ie] ��Ib_�� a=c���������\n^=a ��]=M,HhGlK ` M _  "]$a��_ c K�^qK�KCJla _CJTH�HL_�N` KlH�M K J	�CH�M��_�'
�V^CMhIe]� $aLJ�H�I�HL_ a"^CHLK c K�^�K�K J�a�] H�M K J	�LHTM��_RH ��_=c��_ J�aZ_ a=^LHLK c K�^qK�K  "H�2 _RHhG"K ` M�Hl^LM�H ` H ` ]�c  "HC_Co	�_UJ�a
�qK H�I  "H�I�HL_4pCH�J	��K�K$c K�^qK�K�N` K3� � ^=c ]�JlaqK�I�HL_ HLK�J�a J�HL_7^L]$a��_�'!5�H�^CMhI a6_ H�c K"�5K�^q_ ]3c K�^qK H  �K�^CMhI&�ha"^ ��Ie] ��Ib_��
��������\ � ` Hvp�_ K�^LMhI�]� �aLJTH  "]�_�I�H�M K J	�CH�M _4HLK�� a"I � _CM��_  =H \ � ����K�^LH��h^#� � M N H�c H ` 
�' ��]$c ] ` K�^  HhG�H	� �"c�a=c
 "H �5_�K ` a ` ��M _ ` M _CM N�K�80� N` K!_���]�K!_����_ ` _CM N�K \	� ' � K�^qK�_3_�I MhI�H	�=aqK ` �_  �K ` �q_lI+�_�'

�
5�H�^CMhI a�_RK�^  �K JL_R]�I  �K�^CHL_� =H HhG�H�J�aCM _�I�HQ_Qc K�^�K�K�c ]�I ' � K�^�K�K�c H ` H�_�N` HC_Co	�_8� � ^���Ie] ��Ib_�� � � ^ ]�I  �K�^LHC_
J�IeH ` J	�_CM�]�_lIeH _ H�M K J	�LHTM�H�c ]�I5c ]�I�� _CJ�HL_ ` M _ 

K�^� N` K ]�I  �K�^CHL_%� � ^nJL_lIeH ` HnHhG�H�J�aCM��_�' 
 K"�4H�^�K ^=aQ^LH
]��"c K �,�_ ` �_ c H ` J�I K H � � � ^ ]�I  �K�^LH JlIeH ` J	�_CM�]�_�I�H�<� �_CJ	�_4_�� a�K M _CM J�H�p�_���pL] � �"aCM�HL_ ` �_4K�^LMhI�]� �aLJTH	� ]
c K�^qK H4^L]$a��_!��IbK�^LMhI�H J�H�c H  =H+2 _ HhGlK ` M�H�^LM�H=' � K�^6_CJ�HC_ ` M��_ JL_=aLo��_ H ` M�H4I�H�J�]��5_=^� �_��qK�c ` �_4^=a0�4H�Ie]=M��_��
c K�^qK�K�c H5^=a6J��qK�_lI JT]�^ ` H�J�aCM K p$�$JLK�/  "H H GqH	� �"c�a8/  �K�^n&���� � ^ &��$' �!H ` J�I K HTM N�K$c K�^qK�_58�� N` K�pCH�IbK 

JC_CM N�K
J	�_5_"� ] ` M �=a ` �_nc _ c ]�Jla"c�HLK�� � � ^LMhI�H & � N` K
?���'

��_=a$��� _�K  "H ` c�a�N` K M
�  �_CJ	�_ _CpCH	� ��I�]���Ib_��3a"c&.

��� �
jlA>2 & � <
j ���
�*� B
[���< 2

�"aCM�H	� _���]�K!K�^LMhI�]� �aLJTH

� 
 @"A,:CB�< ;��lA 2

JL_ ` �_ ]��LM N K�^CH	�

��� �
jlA>2 & � <
j ���
� 
 @"A,:CB�< ;��lA 2
�*� B
[���< 2

���_ MhI�H�J�H	� � _�K� =H	�q_lIeM�H���HhG"_�� K�^��_=^  � � JlaLp�K�^LM�H�c H
)UJ�H���]�I �4HL_CoL_ c K"� ��_�2ha"c ��� ����\ ' F!c H ` H4^=a0�4H ` J
cuvinte cheie

'�5 aLM�H	�  �K ` M K�^��=H  "]$a��_ �5_�IbK=J�c _ ` H�.

Comenzile
K�^  �K J	�_7^qK�N` M�H4K"� ��H�Ib_CM K pCH6_  �I�H ` _CM�H JL_=c J�a=c _CM�]�I a=c�aqK�' ��K H�JC_=IeH7c K�^qK H1� � ^CJ�H	��H4J�a4]6JT]��5_=^� �� _�'

� �V^ ` J�a"I�Mha"c���I�]���Ib_��) "H!�5_�K ` a ` �=J�] �6H�^CoLK ` a"^CM ��jlA � @"A,:CB�< N` KCB�[���<,' �
H	� ^=a"c�� �  =]�a��_!�=a"^LJTM�H
)
H ` M�H��� "H _ ` H	�4H�^LHL_��
a"I � _CM �6H�I�H�a  =Hv]3^C]�a��_ J�] � _=^  ��_ �&� � ^ _�� _lI _ JL_Co�a"c�a�K=J	�_=^  5H ` M�H ` J�IbK ` � � ^LMhI�H
���qK�c K"�4H�c H 
T' \,]��4H�^CoLK�c H ` a"^CM J	�_CM�HT]  �_CM��_�� � ^ ` ]"M N K M�H  "H parametri

� ��H�^CMhI a _  "H ` J�IbK H�� _�K ��I�H�JLK `
_CJ�M N�K�a"^CHL_�' � ��^ ��Ie] ��Ib_�� a=c0 "H �5_�K ` a ` ��M�]=M J�H3a"I �6HC_Co	�_!� � ^ 
�H�JL_lIeH3c K�^�K H  $a0���_4J�] � _=^  ��_ H ` M�H3a"^
�q_lI _��4H�MhI�a _=c,_CJ�H ` M�HLK�_ � � � ^Rc K�^qK�_R&Ts ��_�Ib_��4H�MhI anH ` M�H ;��lA>2$<�� � ^�c K�^�K�_ 8����q_lIb_��6H�MhI�anH ` M�HR2 
�'
� ] � pLH  "HL_3J	�_ 
�H�JL_lIeH4J�] � _=^  ��_ ` H4_�N` M�HL_��CM��_ ` �_ 
�H a=I �5_CM��_  =H ��_�Ib_��4H�MhI K  "H3a"^ _=^=a0�5K M M K"�$�
�qH7JL_�I�H�� � c"pC]�� K�^  �K JL_3J	�_=^� n]3pL] � ` Mha� �K�_�'

Funcţiile
K�^  �K J	�_ a"^ ��Ie]�J�H `  "H JC_=c J�a"c&��JC_�I�H1� a=I ^�K o�HL_Co	� _ a"^ I�H�o�a=c M _CM�' �
a"^LJTM N�K�K�c H ` H1��]�c ] ` H ` J�� � ^LM�]"M  =HL_=a"^�_

�qHl^LMhI�aZ_ JL_=c J�a"c _ ��_�Ib_��6HTMhI K�K a"^LHCK JT]��4H�^LoLK�'U\ a _=c M�H JlaLp�K�^LM�H�� I�H�o�a=c M _CMha"c ��HnJL_lIeHn] � a=^LJ�M N�K H
� � c ı̂ntoarce

� � ^na"I � _3JL_=c Jla"c�a"c�a�K MhIeH	�=aqK H ` �_ 
�H�� ]$c ] ` K M  =H6� � JLK�^CH�p�_ ) ��] _=c M��_"� a"^CJ�M N�K H ` _=a ]UJ�]	�
� _=^  ��_ 
��	�5_�K  "H	��_�I�M�H"' � ��^4c K�^qK�_7&�s6_CpCH	� � a"^CJ�M N�K�_ ;��lA '�� ^CH�c H � a"^LJTM N�K�K�_=a4^LH�pC]�K H  =H

argumente�qHl^LMhI�aZ_ �"Hl^LH�Ib_ a"^ IeH�ola"c M _CM
� _=c M�H�c HR^"a�'�;��lA  �K�^ c K�^qK�_ &�sQ_lIeHRa=^�_�I ��a��6Hl^LM
� N` K _=^=a0�4HQ2�'

 a��7�_=I a=c N` K M K"�"a"c _�I ��a��6H�^CM�H�c ]�I 
�H�J��_=I�HLK � a=^LJ�M N K�K ` a"^CM 
�Gl_CM�H"' � HnHhG�H	� �"c�a��1� a=^LJ�M N K�_QIb_  �K JC_=c
; �lA�_lIeH�� � ^ �4]� nH�pqK  =H�^LM4^CH�pC]�K H  =Hna"^n_�I ��a��6H�^CM _=c=J	�_=I�aqK I _  �K JL_=c ` �_��fc�JL_=c Jla"c H�o�H='
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��^LM�H�I�H ` _=^CM H ` M�H�� _��CMha"c�J	�_���]�I K�a=^� "H ` H �q]�_CM�H _�@
_na=^��q_lI _��4H�MhI�a � ` _=aUa"^n_�I ��a��6H�^CM 

� ` H ��]�_CM�H
_�@
_ N` K!] expresie

]�IbK J	�_CM  "H5JT]�� �"c K JL_CM��_5JL_lI�H��	� � ^ a"I �5_5H�p�_=c�a�� _=I K�K�� �"H�^CH�I�HL_Co	�_Ua=^ I�H�o�a=c M _CM ��]"MhIbK pqK M�'
� 5 aCM N�K�^LH�c H5H GqJ�H �LM N K�K� =H3c _ _CJ�HC_ ` M��_ I�H ��a=c��_4pC]�I�
 ` H	�3^q_=c _CM�H ��H �q_lIeJla"I ` ' 


� aLJ�I�a"IbK�c H ` a"^LM  "H ` Mha"c	 "H _=^L] ` M�H��� �_lI!^"a p��_  "H ` J�a"Ib_�2 _CM N K�.�� � ^LJ�H �"aLMha=c�H �5_�K �$IeHla$� ���_=^��_ ^LH�� ]�I �-�_��
a"^4pC]�JC_��"a"c _lI,J�]��3a"^�' � a0���_ _CJTH�HL_ c�aLJ�I�a"IbK�c H �6H�I � � _�K
IeH �qH  "H N` K �5_�K�J�a=I ` K p$��K�_lI
M�H�I �4H�^qK�K�_�� ` MhI _CJTM N�K
J�a3JL_�I�H5_�� ]���H�Ib_CM!���_=^��_5_CJla0�  "H�p�K�^Rc K"� ��H�oCK�'

� � ` �=a ` J��_3a=^ ��I�]���Ib_�� Hna"^ text
��� ]�I � _CM  �K�^

linii
� _CM�H�^CM N�K H���]Rc K�^�K H  "H ��Ie] ��Ib_�� ��]�_CM�H ` �_ ` H

 "H ` �#�_�N` ]�_lI�H!�qH �5_�K��3a"c M�H7c K�^qK�K� =H H�J�Ib_=^ ` _=a! "H-���_=I�M K H$� 
�'1D,H GqM�H�c H���

H4H�c H!� � ^5I�]��-�_=^��_ ` _=a � � ^ ��������\ �
M�]"M4^�KeN` M�H�� � ^�N` K�I a�K�I K  =H caractere ` a=^LM � J	�_U^"a ]�IbK J�H8� � ^�N` K�I�aqK�I�H  "H3JL_lI _CJ�M�HlIeHnHna=^nM�HhGqM
�,_ ` M _3J�IeH  QJ	�_
H4J�c _lI 
T' \ _�I�H ` a=^LM JL_lI _CJTM�H�IeHlc H ��H5JL_lI�Hnc H �"aLM�H � � ]�c ] ` K ��H�^CMhI a _ ^LH5H G ��IbK"� _�� ^"a5Hna=^ c�aCJ�I a3J	�qK�_lI
H�p�K  "H�^CM
.  "H �qK�c  ,�_��!c K"� �q_7Ie] �7�_=^��_ _lIeH-�_���� � �!N` ��M N#���_��"JC_�I�H�� � ^5_=c M�H c K"� �qK ^"a5HhG"K ` M��_�' � H6_CJ�H�HC_�� ^=a5H ` M�H
c K"� ` K M  =H K�^LM�HlIeH ` ` �_4pLH  "H	� JC_�I�H ` a=^LM JL_lI _CJ�M�HlIeH�c H ��H5JL_lIeH ��������\��fa=c�c H ��]�_CM�H8� ]�c ] ` K�'

5 aLM�H	�9� � � ���_=IeM N�K ` H�Mha"c� "H5JC_�Ib_CJ�M�H�I�H�� � ^5J��_CM�H�p�_ �$I a���H�.

Caractere de control
� c H4pC]��  �K ` J�aLM _0� � ^n\ _��qK M�]$c�a"c,&L8�
�'

Litere mari şi mici - � (���1�����0,2�� �	��
 .
���������q/ )�*���'�(0* |�z
kl{������ /
Cifre

����� # & 
�� ��"��
Cuvinte cheie

� _CJ�H ` M _3H ` M�Hna"^Uc�aLJ�I�a ` ��H�JLK 
�J � \��ha"c�aqK�. a"^3JL_�Ib_CJ�M�H�I ^=a ` H�� � ^
�#� _CM N�K�N` HC_Co	�_ ^LHL_����_=Ib_CM
JL_Ua"^ ` K�^��$a"I ` K"� ��]�c ��Ib_ 
�J��,JLK a=^LH�]�IbK JL_Ua"^ JlaLp��_=^LM1� � ^LMhI�H ��
�<  "H3HhG�H	� �"c�a$� ��I K�^���I�]���Ib_��4H�c H
` J�IbK ` H �5_�K ` a ` _�� � � ^LM��_=c�^qK M
.

�
jlA @=A,:CB�< B�[ ��< ;���A

��K H�JC_�I�H! �K�^ _CJTH ` M�H ` H	�3^LH4H ` M�H�� � ^ ��������\ � \ a"^ ` K�^��$a"I JL_lIb_CJ�M�H�I#�

Semne speciale,
J�a  "]$a��_ ` a0� ��I�a0��H�.

semne speciale cu funcţionalitate BASIC:��� ��� � ��
�� + ��� �%& � � ���0&! �&��� "�� 
semne speciale decorative:#�$&%('*)�+�,.-0/!1 � ( � 2(3*4

Caractere grafice definite
��_�Ib_CM��_ JL_ a=^ ���_CMhIb_CM � � � ���_=IeM N�K M � � ^UE?�  �K�^RJL_�I�HQa=^LH�c H �=aLJ	�_CM N H�c H ` a"^LM

J�]�c ]�Ib_CM�H 
�'

Caractere grafice definibile
� c H6pC]��  =H�M _=c K�_ K�^n\ _���K M�]�c�a"c,&�
�
�'

Caracterul spaţiu (blanc).

\,H p=IeHC_=a ` �_5oLK J ��IbK�^:� � � a"^CJ�M N�K ]$^q_=c K M _CM�HL_ ) a"^=aqK JL_lI _CJ�M�HlI � ` ��H�JLK�_=c 
 ( � ^"a��6H7J	�_Ua=^ JL_lI _CJ�M�HlIvJ�a
� a=^LJ�M N K ]�^q_=c K M _CM�H5_lIeH3a=^nIe]$c�HhG�MhI�H	�  "H5K"� ��]�IeM _=^CM ��H�^LMhI�a ` H	�3^qK 
�JL_CM N�K�_ ��Ie] ��Ib_�� a=c�aqK�JC_�I�H�� � c"J�]$^LM N K�^LH"'� H3HhGqH � �=c�a$� �=a"^LJTMha"c � ��' ) ` H%� ]�c ] ` H"N` M�H�� � ^nH�^��$c H�o	� _ �fN` K�� � ^ ��� ����\�
6_CJT]�c ]Qa=^� =HR^L]�K,��]�c ] ` K"� p�K�I �$a"c _
o�H�JCK"� _=c��_ � � ^ ` J�IbK H�I�HL_U^"a��6HlIeH�c ]�I#� � M�H�^LM N K H��� =H�JLK�.�� # � &�
 N` K,^=a � # � &�
 �\ _�Ib_CJ�M�H�I�a"c ` ��_CM N�K�a N` K JL_lIb_CJ�M�H�I�H�c H  =HRJ�]�^CMhIe]$c _=ada=^ ` M _CMhaLM3_��q_lIeM�H�.RHlc H ` a"^CM ^CH ` H	�3^qK 
�JL_CM K pCH
� _  �K J	�_ ��]"M ` �_4c K"� ` HL_ ` J	�_ ` _=a ` �_ 

H ]�I K J��_CM  =H �3a"c M�H 
 ]�IbK�a"^  "H5_��q_lI	� � ^ ��I�]��$I _�����J�a4HhG�J�H	�CM N K�_ _��q_lI K M N�K HLK
� � ^CMhIeH JL_lI _CJTM�H�IeHlc H JL_lIeH���]�I �4HL_Co	�_ ] J�]�^ ` M _=^LM��_�' � \,HvH ] J�]�^ ` M _=^LM��_ ] ` �_ HhG��"c K J	�_�� a=^ �qK J � _�K3� � ^LJ�]$c ]
' 
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F!c H � ` �q_CM N K�a=c ` K�JL_lIb_CJ�M�H�I�H�c H  "H3J�]�^CMhIe]$c 
7^"a K�^�@,aLH�^CM N�HC_Co	�_U^�K JLK J�a0�OHhG�H�J�aCM N K�_ ��I�]��$I _��3a"c�a�K�/DJ�a ` _=a
�#�_=I+�_ Hlc H a=^ ��I�]��$I _�� � _CJ�H5_CJ�Hlc _�N` K c�aLJlI a�'

\ _�� _ ` M _�� K
J�a JL_lIb_CJ�M�H�I�H�c H"'
���_4K�^CMhIe]� �aLJTH	� _CJ�a�� ]3J�]$^LpCH�^LM N K H  =H3^L]"M _CM N K H4J�a5_�2haCM�]�I�a"c�J	�_=I�HLK�_4pC]�� HhG��"c K JL_

sintaxa
��� ����\ '

��K�^CM _TGl_��CJL_4N` K�c _ �$I _��5_CM K J	�_��hH ` M�H ` H�Mha"c  =H IeH ��a"c K ��H JL_lIeH c H � ]�c ] ` K"�)��H�^LMhI�a _ ` J�I K H ��I�]���Ib_��4H JT]�IeH�JTM�H"'
F=G"K ` M��_3JT]��4H�^LoLK JL_lI�H ` H���]"M8� ]$c ] ` K�� � ^�� _�K �3a"c M�H%� H�c�a=I K�� J	�_CM�H�]� �_CM��_3J�aQa"^ �q_lIb_��6H�MhI�a$� J	�_CM�H�]� �_CM��_
�#�_=I+�_�'R\1�_=^� pL] �  "H ` J�I K H ` K�^LM _TG"_ a"^CHLK JT]��4H�^LoLK JL_lI�H�_lIeH parametri opţionali

��_  �K J	�_ �q_lI _��4H�MhIbK
JL_lIeH ��]"M ` �_ 

H!��I�H�o�Hl^LM N K ` _=a ` �_ c K"� ` HL_ ` J��_ 

�=pC]�� K�^� �K JL_4_CJ�H ` M c�aLJ�I�a �"a"^��_=^  �� � ^LMhI�H �q_lI _=^CM�H�o�H ���_CMhIb_CM�H
��� _CJ�HLK �q_lI _��4H�MhIbK�' \ a�� � N` K � ^=a _=a5p=I�H�]'� a"^LJTM N�K ]�^�_=c K M _CM�H � � ^ ��������\1��^=a ` H pC]�I K pqK
J�]�^�� aLoLK�K�'1D,]�_CM�H
� a=^LJ�M N K�K�c H���J�a5H GqJ�H �LM N K�_na=^LHLK�_ ��z!:LB�
 ^"an_=an^qK JLK ]� �_CM��_ ��_�Ib_��4H�MhI K$]��CM N�K ]�^�_=c K�'

\,]�^LpCH�^CM N�K�_4_CJ�HL_ ` M _��� "H3^L]=M _�I�H J�a ��� �!^"a ��H�I �5K M�H  �K�^ ���_CJL_CM�H _ ` H  "H ` J�IbK H*��]�_lIeM�H ��IeH�JCK ` ` K�^LM _TG"_
 �K pCH�I ` H�c ]�IvK�^ ` MhI�aLJ�M N K�a=^qK��  �_lI H ` M�H3HhGqMhI�H	�  "H ` K"� �"c��_�'�� ] � ` a0�=c K�^qK��  �_CJ	�_3H ` M�Hn^LHTpL]�K H�� ��IbK�^ JlaLp�K�^LM�H
c K"� ` _5HCK� =H ��IeHTJLK oLK H"'
� H�JLK��$J	�_=^  ` JlI K�a5J	�_ ` K�^LM _TG"_5JT]��4H�^LoLK�K�A�Y�BRH ` M�H�.
����
 D���� �*.lA�Y�B �

eticheta
�

_ ` M _ � � ^ ` HL_��3^��_ J	�_ A�Y�B ` H ��]�_CM�H"� ]�c ] ` K�� � ^  =]�a��_8� H�c�a=I K�� � ^CMhI&�ha"^ ��Ie] ��Ib_��A< 
�H�� � ^�� ]�I � _�.
A�Y�B


�H�.
A�Y�B

eticheta� ��^ _CJ�H ` M H GqH	� �"c�a eticheta
H ` M�H3a"^ �q_lI _��4H�MhI�a5]��CM N�K ]�^q_=c�_=c�J�]��4H�^LoCK�K�A�Y�B '

\1�_=^� 4pC]�I ��H"N` M K�J�a7a"^ H�^ ��c H�o5N` K"KlM�H _  $IeH ` H�oLK � � ^5I�]��-�_=^CHlN` M�H�� ` a"^LM �3a"c M�H N` _=^ ` H ` �_ ^=a M�H � � ^LM NbHlc HL_ ���_�'
5 Ie] �q_���K�c J��_  �a����_ �5_�K �3a"c M�HnM�H�^CM _CM K pLH� =H�_UJ�]��3a"^�K JL_%� � ^�_CJTH ` M���H�c,J�a�Hlc&� ] ` �_  "HL_� �K�^ a��6HlI K�'
F�K ��K�^LH�� N` K JL_=c J�a=c _CM�]�I a=c?��_CJ�HnJL_�� c _-� H�c&.4J��_=^� ^=a���I K JTH	��H�JTH�� K J�H�IbK�� ` _=aQ^"a �q]�_CM�H-� _CJ�H3J�H�� K J�H�IbK
� ^�K"�6Hl^qK ^=a
� K ��H�I&��H�J�M � 
��;� � M N K I��_ ` �"a"^  "HRJ�a a"^ mesaj de eroare

' \1�_=^� M�H�I �5K�^qK  "H M _ ` M _CM4]dc K�^qK H
����� �V\dN` K!_���H"N` K \ � ��JL_=c Jla"c _CM�]�I�a"c ` H aqK M��_ ` �_ pq_  ,�_! �_CJ	�_ c K�^qK�_3_�I �"aLM�HC_ 
�]Rc K�^�K H ��������\ /m_  �K J��_
 �_CJ��_4I�H ` �qHTJ�M��_ ` K�^LM _TG"_�' � _CJ��_4^=a$��_CMha"^CJLK!^"a4_CJ�J�H	�CM��_7c K�^qK�_5N` K�_ 
 N` HL_Co	�_4a=^ ` H	�3^  "H � � ^CMhIeH	��_�I�H Jlc K"�qK M�]�I
� � ^3c ]�J�a"c,a=^� =H ` H _�@;�_ JTH�pq_U^CHL_�N` M�H �LM _CM�'
� _CJ	�_ pLH�M N�K ` J�IbK H5J�H�p�_  =H �"Hl^"a"c&.

��jlA <�j ;=<�j=@

pLHTM N�K$]��LM N K�^CH3c _ _����_ ` _lI�HL_nc�a�K \ � a=^ _ ` M�� H�c� "H ` H	�3^$.

��jlA ' <�j ;=<�j=@
5�H  =H�_=c M��_ �q_lIeM�H�� ` H���]�_CM�H�� � ^LM��_�� �"c _3JC_ c K�^qK�_ ` �_ 
�H J�]�I�H�J�M�� _  �K�^ �=a"^CJ�M  "HUpLH  "H�I�H ` K�^LM _CJTM K J��

 �_lI5K"� ��] ` K"�qK�c  =HQHhG�H�J�aCM _CM�' � _ ` M�� Hlc  =HQH�I�]�_lIeH ��]�_CM�H 
+ "H	��K ` M _CM��_ ^"a�� _�KC� � ^QM K"� �"a=c H GqH�JlaLM N K HLK
��I�]���Ib_��3a"c�aqK� "HnJ	� _CMhIeHnJC_=c J�a"c _CM�]�I�'(� ^ H GqH	� �"c�aUM K"�qK J _lI 
6� � ^LJ�H�I�JL_lIeHC_  =H�_8� � � ���_=I�M N�K J�H�p�_Qc _ o�H�I�]
'� _CJ	�_4a"^3c�aLJlI an^=a ��]�_CM�H 
-�#�_CJ�aLM  "H JL_=c J�a=c _CM�]�I ��_CMha"^CJLK�HhG�H�J�aCM _�I�HL_ ��I�]���Ib_��3a"c�aqK ` H ]���I�HlN` M�H1� � ^ J	�qK�_lI
c ]�J�a"c�_CJ�H�c _��,K�_lI aLM K�c K oL_CM�]�I�a"c�a�K,K ` H _lIb_CM��_7a"^ mesaj de eroare

'

Mesajele
� � ^LJTH	�nJ�aRa"^nJL_lI _CJ�M�HlIvJL_lIeHnK  "Hl^LM K 
�J	�_ J�a���IeHTJLK oLK H3H�Ie]�_�I�HL_�' � JTH ` M _3H ` M�H a=^"a=c� �K�^CMhIeH

JL_=Ib_CJ�M�H�I�H�c H � � � ` _=a �1� � ' � a0���_n_CJ�H ` M�HL_Ra=I �4HL_Co	�_ _=c M�H3K�^
� ]�I � _CM NbK�K  "H ` ��IeHnH�I�]�_=I�HL_ ]��LM N K�^=aLM��_�' � K ` M _
M�HhG�M�H�c ]�I �"H�^CH�Ib_CM�H'� � ^UJL_Co�a"c,H�I�]�IbK�c ]�I6N` K J�]�I�H ` �q]$^� =H�^LM Nh_UJ�a c K M�H�I�H�c H H ` M�H  �_CM��_"� � ^ � ^LH Gl_ �8< o ���_=IeJLK M NbK
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J�a�� ` a=^LM�H	� c _5M _ ` M _CM
�,^C]�K$pL] � I�H�� HlI K H�Ie]�IbK�c Hn^=a0�5_�K ��IbK�^ JL_lIb_CJ�M�H�I�a"c c ]�I  "H K  =H�^LM K 
�JL_lIeH�� ��H�^CMhI a _
` Jla"I�M _3M�HhGqMha=cV'

45H ` _�2ha=c�H�Ie]�IbK�K ` H4M�H�I � K�^��_4J�aU^"a��7�_=I a=c�c K�^qK HLK N` K ^"a��7�_=I a=c"J�] �6H�^CoLK�K  �K�^ c K�^�K H3c _5JL_lI�H ` � _7]��CM N�K�^"aCM
H�I�]�_lIeHC_�' � � c K�^qK H3^=a ��]�_CM�H5_CpCHL_ � _�K �3a"c M  =H &L8��  =H4J�]��4H�^LoCK�J�a ��_�Ib_��4H�MhI K�K c ]�I��� �_lI ��]�_CM�H5_CpLHC_
N` K$J�] �6H�^CoLK � � p�K  "H
)!' 

� H5HhG�H	� �"c�a$� � � ^LJ�HlIeJL_lI�HL_  =H _4HhG�H�J�aCM _Rc K�^qK�_

@=A,:LB�<��$������� @=A,:CB�<�� ���
pq_  �_7H�I�]�_lIeHC_

� B
)�
 � 1 � /
��� � 2 � � �$� 

_  �K J��_8� � � ���_=IeM N�K�IeH ��IbK�^ o�HlIe]%� � ^ c K�^�K�_ � � ]Qc K�^�K H'�3�_=I��_4H�M K J��LH�M��_ 

�,J�] � _=^  �_n_ JLK�^LJ�HC_�' � \,H���_CJ�H @=A,:CB�<
pC]��  �K ` J�aLM _Uc _ �6] �6Hl^LMha"c=]���]�IeMha=^$�,K"� �q]�I�M _=^LM H5J	� _5_�K JLK1� � '	) _"� ] ` M ��]�c ] ` K M ��H ��] ` M  =H�� � � ���_=IeM N�K�I�H��
� � ^CJ�H�I�J	�_=^  �a�� ` H�� � � ���_=IeM N�K�I�HL_ c�aqK &3c _ ��' 


F=GlK ` M��_Za"^��4H ` _�2 JL_lI�HQ^"aRJ�]�I�H ` �=a"^  "H a"^CHLK H�I�]�I K,� � ^ ` H�^ ` a"c I��_=aR_=c
J�aCp��_=^LMha"c�a�K�� JLK  �K"� ��]"MhIbK p��_�<
H ` M�H pC]�I ��_� "H �4H ` _�2 a"c�� jl~ �,JL_lI�HZK�^  �K J	�_ aLM K�c K oL_CM�]�I�a"c�a�K J	�_nJ�HTHL_QJTH�Hlc  ��_  �a ` H JL_=c Jla"c _CM�]�I�a"c�aqK  "H
�#�_CJ�aLM ` � _ M�H�I �5K�^q_CM�' �
H ��]�_CM�H ` �"a=^LH3J	�_4H ` M�H4] HlIe]�_�I�H  "H�� � K H"N` K�IeH! �K�^ ��I�]���Ib_���)
' F�_ ` H! "HT] ` H �qH"N` M�H
 "HnJTH�c H�c _=c M�H HlIe]�IbK ��I K�^���_��LMha"c,J	�_(
�� _�� H�J�M�HC_Co	�_ c ]�J�a"c I�H	��]�I ^�K�I K�K ��Ie] ��Ib_�� a=c�aqK,Jla�k�j�B�<!:CB�Y
[���pLH�oCK
\ _��qK M�]$c�a"c�? 
�'

� J�a�� MhIeH �"aqK H ` �_  "H ` �qK J	�_�� _=c M 
,I�� � ^ ��_CMhI a��� �K ` J�aCM��_=^�  "H ` ��IeH7M K"�"a"IbK�c H  "H! �_CM�H"'
� H ��IbK�^vJ�c _ ` H�c H �5K JLKC^�K ` H M�]"M ` �=a"^CHvJ	�_ ^=a �=aLM�H	� _  �a=^q_!�4H�I�H J�a ��H�I�H"' � J�HC_ ` M _C� � ^ ` HL_��3^��_ J	�_ ^"a

�"aCM�H	� � _CJTH _CJTH�c HL_�N` K!] ��H�I _CM N�K�a"^�K�J�a3M�]�_CM�H7c�aLJ�I�a"IbK�c H JTH ` H ���_ ` H ` J ��H3c�a0�4HL_3_ ` M _�' � N�K�K�^�� ]�I � _CM K JLK Hl^qK�K
` � _=aRp��_Co�aLM ` K�c K M NbK ` �_nJlc _ ` K 
�J�HRpq_=c ]�IbK�c HnJ�aRJL_lIeHR]���H�I�HL_Co	� _ ��I�]���Ib_��4H�c H  �a����_ tipul

c ]�I�' � � ^RM�H�I �6Hl^qK
_�� ` MhI _CJTM N�K��,a=^ tip de date

H ` M�H  "H 
,^qK M  "H3]���H�Ib_CM N�K�K�c H4JL_lIeH ` H �q]=M�� _CJ�H5Jla _CJTH�c H  �_CM�H=''
 ]�K!] ` �_3^CH
�3a"c M N a0�5K"�A� ��H�^LMhI�a��6] �6H�^CM
�"Jla _CM��_CM
�!c��_ ` �_=^  5]  �K ` J�aLM N K H �5_�K�_�� �"c��_1� � ^ ` HL_��5_3a"^C]�I _=c M�H � _=^=aq_=c H"'
5�Hl^LMhI�a _ c�aLJ�Ib_8� � ^ ��� ����\ �
_�2ha=^��=H ` �_ N` M K"� J	�_ datele

��H5JC_�I�H5H�c,c H �5_=^qK"�"a=c HL_Co	�_ _=ana=^q_  �K�^  "]$a��_
� ]�I �6H � ` _=a5M K"�"a"IbK 

.

� numere
<

� şiruri de caractere
'

�O^C]"M N�K�a"^CH JlI aCJLK�_=c��_0� � ^nK�^
� ]�I � _CM K J��_ H ` M�H3J�HL_  =H variabilă
'5F�_ ` H  =H 
,^LH"N` M�H�� � ^5]���]=oLK M N�K H5J�anJ�HL_

 "H
constantă

' \,]�^ ` M _=^LM�Hlc H ` a"^LM7^qK�N` M�H  �_CM�Hn_3J	�_=I�]�I p�_=c ]�_lIeH ^"a ` H ` J	�qK"� ���_ �fN` K ^�K JLK ^=a ` H ��]�_CM�H
` J��qK"� �q_ 
,� � ^ J�a=I ` a"c"HhG�H�J�aCM N K HLK ��Ie] ��Ib_�� a=c�aqK�' � � H 
,^qK M N�K�_ _ ` M _5^=a H ` M�H ` a 
�JLK Hl^LM  "H!��I�H�JLK ` �_�����H�^LMhI�a5J	� _��
 �a����_5HL_�� ��I�]��$I _��3a"c�� � ^ ` a�N` K$H ` M�H4]3J�]�^ ` M _=^CM��_�� 
-D,]=Mha�N` K ^"a5]3pL] � Ib_ 
 ^�_���JLK$pC]��� �_  =]�_lI HhG�H	� �"c H"'

5 aLM�H	� _CpCHL_  "H�JCK �q_CMhI�a J�] � ��K�^q_CM N�K�K� =H5]���K H�J�M�H5JL_lI�H � � J�]�^CM N�K�^ )  �_CM�H N` K$M K"�"a=I K�c Hnc ]�I�.

&=' J�]�^ ` M _=^LM�H ^"a0�4H�IbK J�H ��_5J	�_=Ie]�I,p�_=c ]�_lIeH4Hna=^n^"a��7�_=I 
�<
8$' J�]�^ ` M _=^LM�H � ��N` K�I  =H6JC_�Ib_CJ�M�H�I�H
)�� _7J	�_=I�]�I,pq_=c ]�_�I�H4H ` M�H a"^ N` K�I  "H5JL_lIb_CJ�M�H�I�H 

<
?$' pq_lI K�_���K�c H3^"a0�4H�IbK J�H�<

18



E!' pq_lI K�_���K�c H�� �VN` K�I  =H5JL_lI _CJ�M�HlIeH
) � ` _=a � _�K ` J�a"I�M'� � p�_�IbK�_��qK�c HnN` K�I�)�
T'

��_CM��_4J�a�� _�Ib_CM��_ 
�H�JC_�I�H�.

&='�� JT]�^ ` M _=^LM��_R^"a��6HlI K J	�_ _���_�I�H*� � ^���Ie] ��Ib_��>JL_�� Jla0� _��q_lI�H��qH ���_=I�M K H�.4]-� � ^�N` K�I�aqK�I�H  "HnJLK � I�H��
JL_�I�H ��]�_CM�H _CpLHL_7a=^ ` H	� ^ ��� ` _=a�� 

�$a"^ �"a"^CJ�M o�HTJLK"� _=c ` _=a5a"^4HhG��q]$^LH�^CM �  "H ` ��IeH4HhG���]�^CH�^LM N K
��I K�^n\ _��qK M�]$c�a"c,&���
�' ��_CM��_7^qK�N` M�H5HhG�H	� �"c H4J�]�^CJ�I�H�M�H�.

��� �����*� � � �*����� 
���� # &�
 � 
�� ��" ��1�
 


� J�H�c� �K�^na"I �7�_4J�]$^LM N�K�^LH N` K$HhG ��]$^LH�^CM 
�'
� H6H GqH	� �"c�a��	� � ^ c K�^�K�_

�
jlA 2 & � <�j ������@=A,:CB�< 2��UB
[���< 2

_��q_lI  "]$a��_ J�]�^ ` M _=^LM�HU^"a��6HlI K J�H�. & N` K &���'
8$'�� J�]�^ ` M _=^LM��_  "H5M K"��N` K�I �  =H JL_lIb_CJ�M�H�I�H 
4H ` M�H K�^� �K JL_CM��_0� � ^ ��Ie] ��Ib_�� a=c ��� ����\ ��I K�^  "Hlc K"� K M _=I�HL_
HLK	� � ^LMhI�H ����K�c K"�6Hlc H"' �4IbK J�H5JL_lIb_CJ�M�H�I � Jla HhG�J�H	�CM N K�_ c�aqK,klA�
 �q]�_CM�H�� _CJ�H �q_lIeM�H  �K�^LMhI � ]UJ�]�^ ` M _=^CM��_
 "H4M K"� N` K�I�' � �qK�c K"�4H�c H�c H! =Hnc _�� � ^CJ�H	�=aLM5N` K ` �#�_=I N` K M ^"a�� _CJ ��_�I�M�H  �K�^5JT]�^ ` M _=^LM��_ �  �K�^5p�_=c ]�_lIeHL_7HLK��
 "H8� _��LM 
T' � _CJ	�_ � � ^4J�]�^ ` M _=^LM��_5MhI�H	�=aqK H ` �_5_���_�I��_nN` K ����K�c K"�6Hlc H���_CMha"^CJLK!H�c H ` H6pC]�I ` J�IbK H  =H  =]�a��_
]�I K�' ��_CM��_ N` K ^qK�N` M�H5HhG�H	� �=c H�.

JT]�^ ` M _=^LM��_ pq_=c ]�_�I�H
�=( �=.��q/�-=.�/�-"� 2 � � ( �=.��q/�-=.�/�-"� 2 �
� �
k+
!" 
 � � ) . % � �
k�
!" 
 � � ) . %
� *,2=( � �l- �=) / � � *,2=( � �l- �=) / �

� . 2 ��/ 1
��� ��0,2 �!2 

1���1 � . 2 ��/ 1
� ��0,2��!2 
$1���1
��� �fN` K�I�a"c!^"a"c&���#�_=I��_7^�K JLK,a=^ JL_lIb_CJ�M�H�I 


� /
� � 1)&��*� - �,2����*� /
� � 1)& � - �,2*�

� �V^ a"c M K"�3a"cCHhGqH � �=c�a$��J�Hlc H MhIeHLK ����K�c K"�6H�c H  "H c _ ` �3�_=I N` K M,MhI�H	�"a�K H K�^LM�H�I ��IeHTM _CM�H  �a����_ J�a�� a=I �4HL_Co	�_�.
a"c M K"�5_ ��H�I�H�J	�CH K�^� �K J��_ ` �3�_=I N` K Mha"chJ�]$^ ` M _=^CM�HLK���J�Hlc H�c _=c M�H  =]�a��_ ` a"^CM  =H1� _��LM,] ` K�^��$a"Ib_'� � ���qK�c K"�4HL_ )��
 �_lI IeH ��IeH�oTH�^LM _CM��_  �a0�=c _CM1� � ^5K�^LM�H�IbK ]�I�a"c�J�]$^ ` M _=^CM�HLK�'

Variabilele ` a"^LM4^�KeN` M�H5] �qK H�JTM�H K�^
� ]�I �5_CM K J�H5K  "H�^CM K 

JC_CM�H���I K�^U^"a0�4H�c Hnc ]�I���JL_lIeH3H ` M�H5J�a M�]=Mha"c_=c M�J�H�p�_  "HTJ�� � M pq_=c ]�_�I�HL_4c ]�I�' F4JL_5N` KCJ�a0� _�N` oLK J�H'� � ]���K H�J�Mha=c  =H c _ � K�^CH  �K�^ �"aLola"^q_lI�)?� ` K�^LM _ � �7�_
JL_�I�H���]�_CM�H ` �_"� � ^ ` H	�3^LH J��_CM�H�]� �_CM��_ �q_CM K ` M _�� _=c M��_  �_CM��_nJ��LHLK�c H�� ` _=a �5_�K N` M K�a�H�aQJTH � � _�K Ib_�I
�q_=^qK 
T''� � � aCo�a"^�_�I�) H ` M�H ^=a0�4H�c H � � p�_�IbK�_��qK�c HCK )?�,K�_�I pq_=c ]�_�I�HL_3HLK!H ` M�H 
�H ��_CM K ` M _�� 
�H5J	�CHLK�c HnH�M�J"'
� _lIbK�_��qK�c H�c H ` H  �K � H�I�H�^LM N�K�_Co	�_"� � ^ M K"�=a"IbK  $a0���_RM K"�=a"c p�_=c ]�I K�c ]�I ��H JL_lIeH c H �q]=M5_CpLHL_�' � ��^ ��� ����\
_CpLH	�  "H�JCK pq_lI K�_���K�c H  =H�M K"�d^=a0�4H�IbK J N` K pq_lI K�_���K�c H� "HRM K"� N` K�I  "HRJL_lI _CJ�M�HlIeH"' 5$H�^LMhI�a _UH�p�K M _
J�]�^�� aLoLK�K�c H��,^"a��6Hlc H ��H5JC_�I�H5]3pq_lI K�_���K�c��_!� � c�_�I�H5_�Ib_CM��_nN` K�M K"�"a=c�� p�_=c ]�I K�K 
 HLK��  �a0���_7J�a0�Oa=I �4HL_Co	�_�.

?$' � _lIbK�_��qK�c H�c H  "H3M K"�R^"a0�4H�IbK J _=aR^=a0�4H�c H'��]�I �5_CM  �K�^ c K M�H�IeHRN` K!JCK � IeH��  �_lI?� � ^LJ�H ���_=^  QJ�an]Qc K M�HlI+�_�'

 a��6H�c H7^"a5_�I�H ��M�H�]�I�H�M K J 
 ] c K"�5K M _�I�H � � ^5c�a=^���K"�4H"' � K M�H�IeHlc H �5_lI K ` a=^LM M�]=Mha"^�_4J�a4J�H�c H � K JCK��"K�_�I
H�pLHl^LMhaq_=c Hlc H ` �q_CM N K�K N` K$JL_lI _CJTM�H�IeH  =H5J�]$^LMhI�]�c ` a=^LM K �$^L]�Ib_CM�H � _CJ�H ` M _3H ` M�Hna"^n_=c M4c�aLJ�I�anJ�a M�]=Mha"c
` ��H�JLK 
�J ��������\��fa=c�aqK � \ 
T' F=G�H	� �"c H! "H4p�_�IbK�_��qK�c Hn^=a0�4H�IbK J�H�.
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� �V^ _CJTH ` M�H5H GqH	� �"c H��
_=c� "]�K�c HC_ N` K�_=c�MhI�HLK�c HL_U^=a0�4H3IeH	��I�H�oLK�^CM��_n_CJ�HTHL_�N` K!p�_�IbK�_��qK�c��_��
F=GlK ` M��_ N` K ` �qHTJLK�K � _�K �qK oL_lIeH  "H3pq_lI K�_���K�c H3^"a0�4H�IbK J�H�� N` K,_=^=a0�4H4J�H�c H �
jlA�
lB�[ ��<�N` K$J�H�c H  �K"�4H�^
�
` K ]�^�_CM�H��  �_�I4c HUpL] � _=^q_=c K oC_-� � ^Q\ _���K M�]�c H�c H���� I�H ` �qHTJ�M K p �$' � H�]�JL_��  �_CM��_ ^qK JCK ^"ad^CH ` a"^CM
aLM K�c H"'

E!' � �V^ 
,^LH��$pq_lIbK�_��qK�c H�c H! "H4M K"� N` K�I _=a3^"a��6Hlc H*��]�I �5_CM  �K�^LMhI � ] ` K�^���a=I+�_3c K M�H�I��_7a"I �5_CM��_  "H4JL_=Ib_CJ�M�H�I�a"c
dolar

��� 
�' � K M�H�I�H�c H �5_lI K ` a=^LM H�J	��K pq_=c H�^CM�H5J�a5J�Hlc H � K JCK�' � �V^ �"Hl^LH�Ib_=c&� � � ^ ��������\ ` H	�3^"a=c0 "]$c _�I
K�^� �K J��_ � _��CMha"c J	�_ ` HZ_�N` M�H	�LM��_R]Qp�_=c ]�_lIeH� =H�M K"�dN` K�I�' F!c p�K�^LH� =H c _ ��IeH ` J�a"I�M _lIeHL_ J�aLp��_=^CMha"c�a�K
H�^��$c H�o�H ` J ��H�^CMhI a(� �N�N` K�I�)-/ � � ` MhIbK�^���)!'*5$H�^LMhI�a J	�_4HhG"K ` M��_4HhG"_CJ�M 80
  =Hnc K M�H�I�H  �K � HlI K M�H��  "H  $aLJ�H �
J	�_ ��]=MvHhG"K ` M _ ` K"�3a"c M _=^4J�H�c �3a"c Mv8�
  =H5pq_lIbK�_��qK�c H N` K�I ��J�H�c Hn^=a0�4H�IbK J�H ` a"^CM!� a=c M �5_�K��3a"c M�H�� 
�'
5 �_=^��_ _CJ�a0����� � ^ ` �_���� � ^ ��I�]��$I _��4H�c H ��H JL_lI�H4c H�� _�� ` JlI K ` � � ^ ��� ����\ ��^"a6_�� _Cp=aLM p=I�H�]� �_CM��_ ^LH�pC]�K H
 "H �5_�K � a=c M�H"'
� _=c ]�_�I�HL_ a"^CHLK pq_lI K�_���K�c H N` K�I ��]�_CM�H 
9/ M�H�]�I�H�M K J(/ ]�IbK J�H N` K�I  "H JL_�Ib_CJ�M�H�I�HdJ�a c�a"^ ��K"�4HL_
� � ^LMhI�H � �fN` K�I a=c ^"a=c 
 N` K 
ls"s�?0
  =H JL_lIb_CJ�M�H�I�H��  �_�I HL_UH ` M�H  "H-��_��LM3c K"� K M _CM��_ � a=c M �5_�K�2 ] ` �  "H
�6H	�4]�IbK�_  �K ` ��]�^�K"�qK�c��_U_nJL_=c Jla"c _CM�]�I�a"c�aqK�' � ��IeH  =H�] ` H	�qK�I�H  =HnJ�]�^ ` M _=^CM�H�c H  =H M K"�QN` K�I�� pq_=c ]�_�I�HL_
a"^LHCK!pq_lI K�_���K�c H N` K�I ��]�_CM�H7J�]�^CM N�K�^LH N` K�JL_lIb_CJ�M�H�I�a"c,\ � '
F=GqH	� �"c H! =Hn^"a��6H! "H4p�_�IbK�_��qK�c H N` K�I�.

- � � � ( � |��

a"c M K"�5_4H4M�]"Mha"^�_3J�a ��IbK"� _�'
4 _�K$HhGlK ` M��_ N` K!] ` �qHTJLK H  =H p�_lI K�_���K�c H N` K�I ^"a�� K M�H�� � K�^� =HhG"_CM�H
)?�  �_�I c H  �K ` J�aCM��_��9� � ^n\ _��qK M�]$c�a"c��$'
5 �_=^��_ _CMha"^CJLK�� aqK M _CM N�K$J	�_ HhGlK ` M��_�'

��� �CJ�H  "H M�H�]�IbK H$� � K JLK ` H;� � ^LJ	�CHLK H ��IeH�oTH�^LM _lIeHC_ ��I K�^CJLK"�q_=c Hlc ]�I�]��qK HTJ�M�H K�^
� ]�I �5_CM K J�H J�a JL_lIeH c�aLJlIeHL_Co��_
����� �V\��ha"c�' � K�^5JL_��qK M�]$c�a"c!a"I �7�_CM�]�I,MhIeH�JTH	�>c _7MhIeHL_����_nN` K	� � ^Lp��_CM N>�_�� K�^ ` MhI�aLJ�M N K�a"^�K�c H"'
� _CJ	�_7_CM N�K ��_�I�J�a"I ` M�]=Mv_CJ�H ` MvJC_��qK M�]�c&�$H ` M�H ��I�HL_3M��_=I�oLK�a4JL_ ` �_ p��_ �5_�K� =H ` J�a=I _�2 _CM N�K�<� =H _�K JLK � � ^q_�K�^LM�H

c�aLJlI a=I K�c H3pL]�I�� � ^LJ�H	��H ` �_ 
�H! �K�^3J�H�� � ^4J�H �5_�K�K�^LM�H�I�H ` _=^CM�H"''5$H  "HC_ ` a0��Ib_��!J�I�H  J	�_ �q_lI�M�HL_ ��H6JC_�I�H _CM N�K
M�H�I � K�^�_CM�� ]3H ` M�H5J�HL_ �5_�K ��I�HL_  �K�^�� � ^LMhI�H ��a=c��5_=^"a�_=c �

20



Chapter 1

Ecranul

� ��^ _CJ�H ` MvJL_���K M�]�c�pC]��  �K ` JlaLM _8� � ^ _��-�_=^=a"^CM
.

�
9
:";=<���H�^LMhI�a _5H Gl_��5K�^q_ ��I�]��$I _��4H�c H5K�^LMhI�]� �a ` H�<

�*� ( �
� ��� ��_=c�a=^LH�JL_lI�HL_nH�JlI _=^=a"c�aqK�<
�
@"A,:CB�<���H�^LMhI�a ` J�IbK H�I�H ��H5H�J�Ib_=^$<

�
� ]�I �5_ H�J�Ib_=^"a=c�aqK  �K�^ �=a"^LJTM  "H5pCH  "HlIeHn_=c�M�H GqMha=c�aqK�'

� ]�� I�H ` �qHTJ�M _Ra=I �-�_CM�]�_�I�HL_8� ]�I �-�_  =H
prezentare

_7J�aCpqK�^CM�H�c ]�I J��LHLK H  �K�^ ��������\ � \ .

1.1 ����� �����	 ��
���
��
F;
 � � F�= ��*. JlaLp��_=^LMha=c�H�^��$c H�o�H ` J  �K�^5JL_lIeH ��I�]"p�K�^LH�<
����
 D�� � ��*. ` K�^LM _TG"_-� ]$c ] ` K�I K�K ` _=c H�< IeHL_��5K�^LM K"� J	�_ �q_lI _��4H�MhIbK�K�� � ^CMhIeH � N` K � ` a=^LM ] �LM N�K ]$^q_=c K�<

JTH�HL_ J�H H ` J�IbK ` J�a litere mici cursive
I�H	��I�H�oLK�^LM�� _ a=^ ^=a0�4H �=H�^LHlI K J�� _

J��_=I�aqK ` H � ^�K 

JC_CM N�K H5] ` �qHTJLK 
�J	�_8� � ^ �q_lIeM�H3J	�qK�_lI H�c&<  "H3HhGqH � �=c�a$. etichetă
pq_


 ]dpq_=c ]�_�I�H ^"a��6H�IbK J	�_RJ�HdI�H	��I�H�oLK�^LM�� _Q]dHTM K J	�LH�M�� _ 

< _=c M�HRJL_lIb_CJ�M�H�I�H MhI�H	�"a�K H
I�H	��I�]� �a ` H*� � ^LM�]�J	�5_�K�<

\��;D F � � � ��F;.rJT]��5_=^� ��_ ` _=a�� a"^LJTM N�K H�/ J�H7H ` M�H4J�aCp��_=^LMha"c�J��LHLK H�<� F �!\ � ��F � F;.

�
HhG �=c K JL_CM N�K�K  "HTM _=c K�_CM�H�<

�
H�Ie]�IbK��q] ` K"��K�c H�<

�
J�]�^  �K M N�K�K ` ��H�JLK�_=c H  "H���]�c ] ` K�IeH='

� NhK!_CJ�a0� ` �_ pCH  "H	� ��IbK"�6H�c H5K�^ ` MhI�aLJ�M N K�a"^qK�.
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1.2 �������
F;
 � � F�= ��*.

to list � _���_CJ�H4]Rc K ` M��_
����
 D�� � ��*. 9!:";=< 2 � cale 4&2 etch 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� H ` ��I�H�� ]$c ] ` K�IeHL_ �q_lIb_��6H�MhI�a"c�a�K � cale

pL] �  �K ` JlaLM _n_��qK�_ � � ^n\ _��qK M�]$c�a"c,&���'
F�� H�J�Mha=c
J�] �6Hl^LoLK�K!9!:";=< .���H H�JlI _=^=a"c �6]$^qK M�]�I�a"c�a�K,_CM _�N` _CM4c _3JL_=c J�a=c _CM�]�Iv_��q_lI listate

� �q_lI ��_=I K ` �
H�^ ��c H�o 
0/}_ 
 N` _CM�H�� � ^ ]�I  �K�^CH-/mM�]�_CM�HUc K�^qK�K�c H ��Ie] ��Ib_�� a=c�aqK!J�Hn_=anH�M K J	�LHTM _��5_�K�� _lIeH ` _=a H ��_=c��_7J�a
�q_lIb_��6H�MhI�a"c

etch ` ��H�JLK 
�JL_CM�' � _CJ��_ 9!:";"<3^=a H;� � ^ ` ]=M N�K M��_  "H4^�K JLK�a=^ �q_lIb_��6H�MhI�a$�=_CMha"^LJCK!c K ` M _lIeHC_ � � ^LJTH	��H
 "H c _ ��I K"�5_ c K�^qK H5_ ��I�]��$I _��3a"c�a�K�'

\ a0� ` H4H�� HTJ�MhaLHL_Co��_Uc K ` M _lI�HL_	(
� K�^qK�K�c H ` a"^CM _ 
 N` _CM�H3a"^�_  �a0���_n_=c M _���
�H�JL_lI�H*� � ^LJ�H	���_=^  '� � ^ ` M��_=^ ��_4H�JlI _=^=a"c�aqK J�a HTM K J	�LH�M _�'%5�H�^CMhI a

J	�_���� � ^ �=H�^LHlI _=c&� ��Ie] ��Ib_��6H�c H ` a"^CM5J�H�p�_ �5_�K c�a"^ ��K  "HTJ	�_CM�� � ^CJL_���H���H a"^ HTJ�I _=^�� H ` M�H�K�^CM�H�IeH ` _=^LM  "H
p��_Co�aCM J�H�� _CJTH5JL_=c J�a=c _CM�]�I a=c � � ^ _CJ�H ` M JL_Co"'

� ��^LM�]"M  =HL_=a"^�_nJ	� _=^� _lIeH4J�HTpq_  =H ` J�IbK ` ��H5H�J�Ib_=^ � 
�H N` K$M�HhG�Mha"c!a"^"a�K ��I�]��$I _�� c K ` M _CM 

�$JL_=c J�a=c _CM�]�I a=c
` JlI K H ���_=^��_3a�� �=c H ��I K"�4H�c H58"8  =Hnc K�^qK�K,_=c H7H�J�Ib_=^"a"c�a�K�'4\1�_=^  ZN` K a"c M K"�5_ ���_CMhI��_CM N�K J	�_ ` � _ a0� �"c�aCM
��JL_=c Jla
�
c _CM�]�I�a"c�^CH�� � ^LMhI�HL_����_! �_CJ��_ ` a"^CM�H	� ��_CM _4Jla5JLK M K Mha"c&�$JL_ ` �_ MhI�HL_CJ	�_ � _�K� =H	�q_lI�M�H"' � ��^LMhI�H	��_�I�HL_3H ` M�H �=a ` �_
_ ` M���H�c&. ��H a=c M K"� _3c K�^�K H _7H�J�Ib_=^"a"c�a�K,JL_=c Jla"c _CM�]�I�a"c ` JlI K H � ( �
� ��� ' ' � J�H ` M J�aCp��_=^LM pqK�^CH  "Hnc _ �!\ �!H�H�^
�;� � � ��_  �K J	�_-� � _=c�a=^LH�JL_lI�H � I�]"M K�I�H 
 _ HTJ�I _=^=a"c�a�K )
' � ��^6_CJ�H ` M �6] �6Hl^LM ` H6_�N` M�HL_��LM��_6_����_ ` _�I�HL_7a"^CHLK�M _ ` M�H
 "H7J	�_CMhI�H3aLM K�c K oL_CM�]�I�'
� �_ ` �=a"^ ` a"IbK�c Hnc�a�K ��]"M 
  $a0���_7J�a0�>a=I �4HL_Co	�_�.

�
_����_ ` �_=^  a=^q_  �K�^ M _ ` M�H�c H ^ � 
 � � ` ��_CM N�K�a 
�� ��D��%5 � _  �K J��_ � � � _ 
 ` _=a � � F �*E
� _  �K J��_ \ � � � 
 � pCH�oLK \ _���K M�]�c�a"c�? 

����Ie] ��Ib_�� a=c ` H4] ��IeH"N` M�H��,_ 
 N` �_=^  HlIe]�_�I�HL_ � '

�
_����_ ` �_=^  ]6_=c M��_ M _ ` M��_ � HhG�J�H	�CM��_=^  � � � ��D1�ha"IbK�c H \ � ` _=a � � ` K�^ ��a"I�H 
�� ` J�IbK H�I�HL_ J�]�^CM K�^"a��_ ` a0�
a"c M K"�3a"c I��_=^  ` J�IbK ` _=^LM�HlI K ]�I �  =HL_ ` a���I _ c�aqK � ( �
� ��� ' �!JL_lI�H  "HL_=c M�� Hlc  �K ` �q_lIeH 
�� I+�_=^� $a"IbK�c H  "H+2 _
` J�IbK ` HRa=IeJ	�_=^� ��HnH�JlI _=^�' � a����_ J�H���IbK"� _Zc K�^qK HnJL_lIeH-� a ` H ` H ` JlI K ` �_���HnH�JlI _=^� �a����_ � ( �
� ��� '
_�2ha"^ �"Hnc _ I+�_=^� �a=c�HLK � � ^5p��_=I&� a=c"H�J�Ib_=^"a=c�aqK��,JC_=c J�a"c _CM�]�I�a"c�p�_�� � ^CMhIeH �q_  �K�^U^L]$a � ( �
� ��� ' '

�!H�pLHl^qK�^� Q_CJ�a��>c _79
:";=<;.
� _CJ	�_Zpq_=c ]�_�I�HL_

etch
K�^� �K JL_CM��_ ^"a H ` M�HR] HTM K J	�LH�M�� _ ��] ` K"�qK�c��_-� � ^CMhIeH c K"�5K M�H�c H � N` K �0�0����� ` a"I�pqK�^CH

H�I�]�_lIeHC_ � '
� _CJ	�_7p�_=c ]�_lIeHL_ ��_�Ib_��4H�MhI a=c�aqK

etch
^"anH ` M�Hna"^R^=a0�-�_=I�� � ^CMhIeH ���,_CMha"^LJCK!H ` M�HUIe]=Mha"^�2 K M��_ c _3J�H�c �5_�K

_���I�]��qK�_CM � � ^CMhIeH �
'
� ^n_=c M H�� H�JTM K"� ��]�I�M _=^LM _=c!c�aqK!9!:";"<

etch
H ` M�H � aCM _�I�HL_7J�a"I ` ]�I�a"c�a�K  _=c liniei curente

c _Uc K�^�K�_
J�aQH�M K J��LH�M _

etch
' � K�^�K�_QJ�a=IeHl^LM��_ H ` M�H J�HL_ JL_lIeHUH ` M�HQ_  $a ` �_'2�] ` ��H�^LMhI�a �4]� �K 
�JL_lIeH � editare


 c _
_����_ ` _lIeHC_4M _ ` M�HLK F � � D � \ � � & 
�'
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1.3 ��� ��� �
F;
 � � F�= ��*.

to print � _7M K"���_=IbK
����
 D�� � ��*. @=A,:CB�< 2 � cale 4 2 valoare 4 2 � 4 2 � 4.2 � 4.2 |�< x � y 4.2 <�|�z x 42 culori 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� H ` ��I�HRaLM K�c K M _CM�HC_:� � �q_lIb_��6H�MhIbK�c ]�I�) � ^=a ` a=^LM4J	��K�_�I ��_�Ib_��6HTMhI K�� � ^ ` H�^ ` a"c  �_CM  "HR^C]�K,JlaLp��_=^LMha=c�aqK 
�

cale
N` K culori

pC]��  �K ` J�aLM _8� � ^ \ _���K M�]�c H�c Hn&��,�!IeH ` ��H�J�M K pnE�N` K &��$'
@=A :CB�< H ` M�HU] K�^ ` MhI aCJ�M N K�a"^LHUJ�aQJL_lIeH IeHC_=c K o�HL_Co	� _ �6]� �K 

JC_�I�HL_QK"�5_ ��K�^�K�K � M�H GqMha=c�aqK 
  "H ��H�HTJ�I _=^�'� H�^=a0�5K�IeHL_ � � _nM K"���_=IbK ) ` H3MhI _ �=H  �K�^ p=I�H	� a=I K�c H _=^CJ�H ` MhI _=c H _=c Hn_=^qK�c ]�I JLK�^LJCK o�H�JLK�� J	�_=^� RJL_=c J�a=c _CM�]�_=I�H��

c HnJ�] � a=^qK JL_=aRJ�a ] � a=c ^"a ��I K�^RM _ ` M _CMha=I+�_QN` K H�J�Ib_=^�JC_�_CJla0��� JLK ��IbK�^�JC_�I�M�H�c H���H�I � ]�Ib_CM�HZN` K �5_�N` K�^qK
H�c H�JTMhI K J�H  "H ` J�IbK ` ' � Mha"^CJLK,_CJ�M N�K�a=^LHL_  =H ` J�IbK H�I�H  �K�^ �q_lIeM�HC_3JL_=c J�a"c _CM�]�I�a"c�a�K!H�Ib_5J	��K�_�I ]nM K"���_=I K�I�H"'

5 I K�^CJLK"�q_=c _U_CJ�M N�K�a"^CH _Uc�a�K!@"A,:CB�< H ` M�H  "Hn_ ` JlI K H ��H5H�J�Ib_=^��q_lIb_��6H�MhI�a"c ` �_=a valoare
'4\ K�^LH5H ` M�H

valoare
(B� HhG���IeH ` K H JC_�I�H _lIeH ` H�^ ` � � ^ ��� ����\ N` K!JL_�I�H �=H�^LH�I�HL_Co	� _Ua"^UIeH�ola"c M _CM
�  "H3M K"�n^"a��6H�IbK J ` _=a

N` K�I�'5@=A,:CB�<�H ` M�HRa"^�_  �K�^LMhI�H��"aCM N�K�^CH�c HnJ�]��4H�^CoLK,JL_lI�HnMhI _CM�HL_Co��_%�#�_=I+�_  �K ` J�IbK"� K�^�_�I�H �q_lI _��4H�MhIbK�K ` �_�K��	� � ^
` Hl^ ` a=c J��_ ^"adc HRK"� �=a"^LH a=^ _=^"a0�5K M4M K"��' \ a�� _lI _CM��_n] HhG ��I�H ` K H7� � ^LJ	�_ ^"a �"aCM�H	� ` �=a"^LH  �_lI � �qH
�-�_ ` a=I+�_4J�H3pL] � � � ^Cp��_CM Nb_U^C]�K � a"^CJ�M N�K�K��!pC]�� �=aLM�HL_ ` �_ _=c J��_CMhaqK"� HhG ��I�H ` K�K  �K�^nJ�H*� � ^ J�H��5_�K$J�]�� �"c HhG�H"'
\,H�c �5_�K ` K"� �"c�aRM K"�� "HRHhG���IeH ` K HQH ` M�HQ] JT]�^ ` M _=^LM��_ N` K _lI�H�JC_dI�H�o�a=c M _CM J	��K�_�I pq_=c ]�_�I�HL_ J�]�^ ` M _=^LM�HCK
I�H ` ��H�J�M K pCH"' � _�K ` �_ pCH  "H � J�a��Oc�aLJ�I�HL_Co	�_3@"A,:CB�<;����Hn^�KeN` M�H4HhG�H	� �=c H"' D _ ` M _CM N�K�.

@"A,:CB�< � - � 2 �"- 
 ) . . )�
 -�� ����@=A,:CB
< 
 �
D,]"M HhG���I�H ` K HnH ` M�H N` K J�HL_%� ]�I �5_CM��_3^=a0�5_�K  �K�^R^"a��6H�c H a"^LHCK p�_lI K�_���K�c H"' � _ ` M�� Hlc� "H3HhG ��I�H ` K H _lIeH

JL_ IeHTo�a"c M _CM J	��K�_�I p�_=c ]�_lIeHL_ ��H5JL_lIeH7] _�I�H5_CJ�HL_3p�_�IbK�_��qK�c��_�� � ^ �4]��4H�^LMha=c"H�p�_=c�a��_=I K�K$HhG���IeH ` K HLK�' � ��^LJ	�_3^"a
N` M K"� Jla0� ��]"M J	�_����_CM _ p�_=c ]�I K�p�_lI K�_���K�c H�c H ��pL] � _�@
_!� � ^3\ _���K M�]�c�a=cl8�

�� �_lI ��IeH ` a0�=a"^��_=^� RJL_!� ��&�� & � # &
N` K - ��&�� / 1�' / 1 ���"_CMha=^LJLK

@"A,:CB�<+'�( � @=A :CB�< - �$� @=A,:LB�<+' �

pq_3_CpCHL_Ua"^5H���H�J�M  "H �"H�^=a"c&.

� & � # &
/ 1�' / 1
� & � # &

� ��^QIeHC_=c K M _CM�H�� ��H�^CMhI a _�
 � ]�_lI�M�H IbK ��a=Ie]
N` K�� MhIeH	�=aqK H ` �_ ` �=a"^LH � J	�_n@=A,:LB�<QJT]�^LpCH�I�M�H"N` M�HRp�_=c ]�_=I�HL_
HhG���IeH ` K HLK� �_CM�H  �K�^ I�H	��IeHTo�H�^LM _lI�HL_UHLK� �K�^ K�^CM�H�I K ]�I�a"c�JC_=c J�a"c _CM�]�I�a"c�a�K � _CJTH ` M _3Hna=^ c�aCJ�I a3J�]�� �"c K JC_CM
�,c _
JL_lIeH p��_ ` �#�_CMhaqK H ` J ` �_ p��_ ���_=^� �K M N�K0 $a0���_ J�H pCH�M N�K=MhI�H�J�H  =H4\ _��qK M�]�c�a=c�&�s�
,� � ^LMhI � ]8� ]�I �7�_ JC_�I�H ` �_ ` H _ 
 N` H�o�H
��H4H�J�Ib_=^$� N` K�_���]�K���_CJ�H5_CJ�HL_ ` M��_4_ 
 N` _�I�H"' ��]�I �5_1� � ^ JL_lIeH ` H _ 
 N` HL_Co	�_ ]3pq_=c ]�_�I�H ��H4H�J�Ib_=^ ��]�_CM�H ` �_ 

H
 "H ` Mha"c� =H5J�] � �=c K JL_CM��_��� $a0���_5Jla0� pC]�� pCH  "HL_ ` Mha  �K�K�^� ` J�IbK H�I�HL_QN` M K�K�^LM N�K 
�J	�_ _7pq_=c ]�IbK�c ]�I ^=a0�4H�I K JTH��	� � ^
\ _��qK M�]$c�a"c
&C8�' � H�]�JL_��! �_CM��_5^CH5H ` a 

JCK H�^LM ` �_ N` M K"� J	�_4@=A :CB�< ` J�IbK H5p�_=c ]�_lIeHL_ HhG ��I�H ` K HLK ��HhG ��I�H ` K�K�c ]�I 

JL_lIeH�� � K!a"I �6HC_Co	�_ � 

K�^� �a�� K ��_�Ib_��4H�MhI a 

� 

H7HL_ N` K�I ` _=an^=a0�-�_=I�'

\,H�c H�c _=c M�H ` H	�3^LH JC_�I�H _���_�I � � ^ ` K�^LM _TG"_ c�aqK�@=A,:CB�< J�]$^LMhI�]�c HL_Co	�_ ��]"oLK M N�K�_ ��H H�J�Ib_=^5c _ JL_lIeH ` H M K"���_=IeH ` J
� H�c�a=I K M�Hlc H5HhG���IeH ` K�K�'

\,H�c HnMhIeHCK ` H	�3^LH ` ��H�JLK�_=c H"� � _���] ` MhI�]	� 
 � � �"a"^CJ�M N` K p�K�I ��a"c��_ 
 N` K � ��pqK�I ��a=c��_ 
 �5_�K ` a=^LMn^=a0�5K M�HN` K separatori
�qHl^LMhI�a J	�_ H�c H ��H�I � K M � � ^=c��_=^LM N�aqK�I�HL_ � _�K �3a"c M�]�I,p�_=c ]�I K�� � ^5JC_  �I�a"c _CJTH�c HLK�_�N` K,K�^ ` MhI�aLJ�M N�K�a"^�K
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@=A,:LB�<;. 

HTJL_�I�H  =]�a��_ pq_=c ]�IbK�J�]$^ ` HTJ�aLM K pCH MhI�H	�=aLH ` �_ 
�H ` H	�q_lIb_CM�H ��I K�^5JTH�c��=aLM N K�^ a=^"a"c� �K�^LMhI�H ` H	�3^LH�c H
` ��H�JCK�_=c H"'4F!c H  �K � H�I��_ ��IbK�^ �4]� �a=c
� � ^4JL_lIeH _lIb_=^ 2�HC_Co	�_�� � ^ �q_ ��K�^��_ pq_=c ]�IbK�c H ` aLJTJ�H ` K pCH"'

5�H�^CMhI a _ �=aLM�HL_ ` �_7pCH  "H	�OJ�a�� ` H �6]� �K 

J��_ �q_ ��K�^�_�I�HL_��,MhI�H	�=aqK H ` �_7pCH  "H	�>Jla0� _lI _CM��_  =H'��_��LM
�q_ ��K�^q_��

ecranul

�'

F�J�Ib_=^"a"c ` H�� � � �q_lIeM�H!� � ^! "]�a��_ � _lIbK���]�I�M N�K�a=^qK�.

�
��I K"�5_4H ` M�H5] JTH�^LMha=I+�_ �qH � _lI ��K�^LH JL_�I�H ` H ^=a0�4H"N` M�H7z
jlA�{�[=AC<

�
IeH ` Mha"c�H ` M�H4J�H�^LMhI�a"c  �I�H	�LMha=^��,�qK�a"c _lIvJC_�I�H8� ]�I �4HL_Co	�_ H�J�Ib_=^"a"c ��Ib_ 
�J"'

z�j�A�{�[=A��fa=c"H ` M�H7] o�]$^��_ �"aCM N�K�^ K�^LM�HlIeH ` _=^LM��_�' � ��^ K�^LM�H�IbK ]�I�a"c ` �_=a3^"a ` H ��]�_CM�H ` J�IbK H ^�K"� K J=' ��K�^��$a"Ib_
]���H�Ib_CM N�K�a=^LH5JTH5] �=aLM�H	� � _CJ�H5_ ` a0��Ib_5HLK!H ` M�H! "H _�� K ` J	��K"� ��_4J�a"c ]�_�I�HL_8� � ^6M�]=M _=c K M _CM�H"'

F�J�Ib_=^"a"c ��Ib_ 
�JvH ` M�H1� ]�I � _CM  �K�^!� K JCK	�=a"^LJTMha"c H�M N H JL_�I�H ` H ^=a0�4H ` J pixeli
�  �K�^ H�^��$c H�o�H ` J�a"c PICture

CELL � JTH�c�a"c��_  "HdK"�5_ ��K�^LH 
�' �4IbK J�H K"�5_ ��K�^CHQH ` M�H J�] � �=a ` �_  �K�^ _ ` M�� H�c  "H)�=a"^CJ�Mha"c H�M N�H  �K � HlI K M
J�]$c ]�I _CM�H"'%5 K G�H�c K�K�� � ^CJL_��nJ	�_CM�H58�s�
 ��H ]�IbK o�]�^CM _=c��_nN` K &��=8 �qH3pCH�IeM K JC_=c��_�' � H ` ��IeH3J�a�� �"aCM�H	� c�aCJ�Ib_nJ�a

�H�JL_lIeH! �K�^6HLK
pL] �+ �K ` JlaLM _3_��qK�_!� � ^5\ _���K M�]�c�a"c�&C8�'�5 K G�H�c K�K ` a"^CM?� � ^ ` �_ �$I a��q_CM N K�J	�_CM�H 
lE?��� � ^ ���_CMhI+�_CM N�Hlc H  "H
��� ��' � pCH	� ?=8  =H5_ ` M�� H�c� "H ���_CMhI+�_CM N�H�c H! =H�� _ c�a"^ ��a=c
a=^LHLK$]�I K oT]�^LM _=c H5_4HTJ�I _=^=a"c�a�K N` K�8lE  =H�� _ c�a"^ ��a=c
a"^CHLK pCH�IeM K JC_=c H"' � J�H ` M�H ���_CMhI��_CM N�H�c H � ]�I �4HL_Co	�_R_�N` _ ^"a0�5K M _ grilă de joasă rezoluţie

_QH�JlI _=^=a"c�aqK�'
�
Rezoluţia

H ` M�H6] �-�_ ` a=I+�_ _3^=a0�-�_=I�a"c�a�K� "H ` H	�3^LH JC_�I�H ` H ��]"M!� _CJ�H ��H6HTJ�I _=^�<!J�a5J	�_CM H �5_�K � _lI�H��
J�a _CM��_CM ^"a��7� _=I a=c0 "H ` H � ^CH6JC_�I�H ` H ��]"M  "H ` H�^q_3H �5_�K��5_lIeH 
T' � HT]�JC_��  �_CM��_3^CH6pC]�� ]�J�a��q_ ^"a0�5_�K
 "H3_CJ�H ` M�H ���_CMhI��_CM N�H�c H"'�� I K JTH ` K"� ��]$c���]�_CM�H 
 ` J�IbK ` � J�a3@=A :CB�<�
 ^=a0�5_�K � � ^CMhI&�ha"^=a"c� �K�^ H�c H"'

F�J�Ib_=^"a"c �$I _ 
�J�� c _nI��_=^  �a=c ` �_=a$�=H ` M�H�� � � ���_=I�M N�K M;� � ^  "]�a��_ �=aLJ	�_CM N�K�� ��H5JL_lIeHnc H4pC]�� ^"a0�5K � � �q_lIeM�HL_  "H
` a ` )QN` K � � �q_lIeM�HC_  "H�2 ] ` )!' � H4]��qK JTHLK �q_lIeM�HC_  =H�2�] ` _�I�H3^"a0�5_�K  "]�a��_3I��_=^  �a=I K��  �_lI ��]�_CM�H ` �_4J�I�HL_ ` JL_�'
5
_lI�M�HL_  =H 2 ] ` H ` M�H���]�c ] ` K M��_ ��H�^CMhI aRK�^LMhI�]  $aLJ�HlIeHL_  �_CM�H�c ]�I � _CJ�]$c ] ` H5H  �K M�HL_Co	�_Uc K�^qK�K�c H ��������\�
T'4\ _�I�H
H ` M�H Ib_CM N�K�a"^CHL_ a"^LHCK _CM _lIbK�� � � ���_=I�M N�K�IbK!pq_ 
 HhG��"c K JL_CM5_���K�_8� � ^ a=c M K"� a=c
JL_���K M�]�cV'�5 �_=^��_3_CMha"^CJLK ` �_U^L]=M��_��
J	�_��
� � ^ �6]� U^L]�I � _=c&�!^=a0�5_�K ��I K"�4H�c H58"8  �K�^5J�H�c H 8lE  "H3I��_=^� $a"IbK ` a=^LM _CJ�J�H ` K"�qK�c HUc�aqK$@"A,:CB�<,'
���_3pCH  =H	�>J�a0�>_CJ�M N�K ]$^LHL_Co	�_ ` H	��_�Ib_CM�]�IbK�K�' � ��] ` MhI�]	� a"c�MhI�H�J�H���HRI+� _=^� ^L]�a�' � _CJ	�_3]RK�^ ` MhI aCJ�M N K�a"^LH

@=A,:LB�< ^"a ` H M�H�I �5K�^��_7J�aQa=^ ` H	��_�Ib_CM�]�I � _CMha"^LJCK ` H JT]�^ ` K  "H�I��_UK"� �=c K JLK M J	�_ ` H3M�H�I �5K�^��_5Jla�_���] ` MhI�]	�h'� N` _4J	�_ a"I �-�_CM�]�_lI�H�c H5c K�^�K�K�pL]�I _CpLHL_3H � H�J�M�H5HTJ	�qK p�_=c H�^LM�H�.

@"A,:CB�< �C) . 

1 �"- � � � � - � � � 2 ��1 - � � � - � /�� 1
2���1 - �
N` K

@"A,:CB�< �C) . 

1 �"- � � � @=A,:CB�<�� - � � � 2���1 - ����@=A,:CB
<�� - � /�� 1
2���1 - �
N` K!_=^"a��6H�.

) . 

1 �l- �
- � � � 2 ��1 -
- � /�� 1
2���1 -

5 a"^LJTM N` K!p�K�I �$a"c��_ ` H�� ]$c ] ` HlN` M�H�� � ^ ` J�]��=a"c�M K"���_=IbK�I K�K$J�]�� �q_CJTM�H����#�_=I+�_7^qK JLK a=^ ` ��_CM N�K�a�� � ^LMhI�H  �K � HlI K M�H�c H
p�_=c ]�I K�.

@"A,:CB�< �=(�2 . (�2 *�1�(�2 &���� 
 ��� � �"- 2 *�1$(�2�&�� ����@=A,:�B�<�� � � �
J�a3H�� H�J�Mha=c
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(�2 . (�2 *�1$(
2 & 
 � �l- 2 *�1�(�2 & � �
�vK�I ��a"c _ _lIeHda=^ H���H�J�M��5_�K J�] � �=c K JL_CM�' � _=c ]�_�I�HL_ M K"���_=IbK M��_  $a0���_ ]dpqK�I ��a=c��_ pq_ 
 ` J�IbK ` �_ 
�Hdc _

� � ^CJ�H	�=aLMha"c,I��_=^  �a=c�aqK�� 
�H5H Gl_CJ�M4c _�2ha��7�_CM _CM�HL_7c�aqK �&� � ^5J�]�c ]�_=^q_U&�
 
��� �a����_7J�a��>a"I �6HC_Co	�_�.

@"A,:CB�< � � � � # � & � 
 � � � � - (�)�
 -�� /�� 1 � ),2 �"- *,2 .
- �l-���/ 1 � � "
JL_lIeH  ��_�.

� �
# &

 �
- (�) 
 - � /�� 1 � ),2 �"- *,2 .�-��"-���/ 1
"

� IbK�c _  "H*2 ]�_ ` �_ IeH�oT]�c�aLM N�K H*� � N` K,_lIeH ���_CMhI+�_CM N�Hlc H�c HR^"a��6H�I�]"M _CM�H  �a����_nJ�a�� a"I �6HL_Co��_�.4c K�^�K�K�c H ` a"^CM5^=a
�
�4H�Ie]=M _CM�H  =H c _ � c _ 8"?,�,K�_�I J�]$c ]�_=^CH�c H  "HRc _ � c _ ?$&"'�5$]"oLK M N�K�_Ua=^"aqK ���_CMhIb_CM H ` M�HnJ�]�� �"c H�M  =H 
,^qK M��_
 �_CJ��_ ` H! �_=a3J�]�]�I  =]�^q_CM�Hlc Hnc�aqK��!_  �K J	�_3c K�^qK�_ N` K!_���]�K$J�]�c ]�_=^q_�'*5 �_CMhI _CMha=cqJla J�]�]�I  "]�^�_CM�H�c H ����� ` H5_�@;�_
� � ^4J�]$c M N a"c� �K�^ ` M��_=^ ��_ ` a ` _=c�H�J�Ib_=^"a"c�a�K�'

<�|�z ` H�� ]�c ] ` H"N` M�H ��H�^LMhI�aQ_3J�IeHC_nM _���H�c H"'nF!c�H ` M�H a=I �5_CM  "H3] p�_=c ]�_lI�H ^=a0�4H�I K J��_ � JC_�I�H ��]�_CM�H 

I�H�o�a"c M _CMha=c"H�p�_=c�a��_=I K�K$a"^CHLK�HhG���I�H ` K�K 
 J�H K�^� �K J	�_  �K�^6J�H JT]�c ]�_=^��_ ` H p�_ JT]�^LM K�^=aq_4M K"���_=IbK�IeHC_�' � ��H�JLK 
�JL_CM N K�K�c H
<�|�z �fN` K$|�<�
 MhIeH	�=aqK H ` H	�q_lIb_CM�H N` K$H�c H5J�a _�2 aLM�]�I�a"c ` H	�q_lI _CM�]�IbK�c ]�I�'

F=G ��H�IbK"�4H�^LM _CM N K�.

@"A,:CB�< <�|�z������	� ��� <�|�z 
 � 
 � <�|�z �����	����� <�|�z � ��� � � 2��
JL_lIeH7pq_  �_�.

� 
 ���� � 2
� a0���_ J�a0� pCH  "H�M N K�� <�|�z ^=a ` H-� � ^CM�]�_lIeJ�H-� � ^q_���]�K�< � � ^RJL_Co�a=c?� � ^�JC_�I�HQJ�]$c ]�_=^q_ c _RJL_lI�H ` � _Q_�2ha=^ `

J�anM K"���_=I K�I�HL_ H ` M�H � _�K��5_�I�H  "HTJ	�_CM J�HL_ ` ��H�JLK 
�JL_CM��_Zc _n<�|�z;�
_CMha"^CJLK _CJTH ` M _ ` _lI�H ��HRI+� _=^� Q^C]�a�'5<�|�z
M K"���_=IeH"N` M�H ` ��_CM N�K�K ���_=^��_3c _4J�]$c ]�_=^�_ ` �qHTJLK 
�JL_CM��_��!JL_ N` K$pqK�I ��a=c _��� "H _=c M���H�cV'
� _CJ	�_3p�_=c ]�_lI�HL_R^=a0�4H�I K J��_nJTHRa"I �6HL_Co��_  �a����_n<�|�z ^=a H ` M�HRa"^�� � ^CMhIeH ��� _CMha"^CJLK HL_ ` HRIe]=Mha"^�2�H"N` M�H"'� _CJ	�_U^"a H ` M�HRa"^R^"a��7�_=I ��]=oLK M K p$� _CMha"^LJCK ` H K�_8� � ^ �6]� �a=cV' � _CJ	�_3H ` M�H��5_�K �5_�I�H5JL_U?�&�� _CMha"^LJCK ` H

J�]$^ ` K  =H�I��_ IeH ` Mha"c	� � � ���_=I�M N�K�I K�K ` _=c H3c _ ?=8�'
|�<5H ` M�H4a=I �5_CM  "H  =]�K �q_lIb_��6H�MhIbK=^"a��6HlI K JLK��=JL_lIeH  �_=a J�]�]�I  "]�^�_CM�H�c H5c _ JL_lIeH ` Hvp�_ ` J�I K H4a=I �-�_CM�]�I�a"c

` K"� ��]�c&� � � ^ ��IbK�c _  "H�2�]�_ ` �_ IeHTo�]�c�aCM N�K H"' |�< y � x MhI�H	�=aqK H ` �_ _�K"���_ ��H x
� � ^CMhIeH ��N` K,?�&nN` K ��H y

� � ^LMhI�H �RN` K
8"?$' � _=c ]�IbK�c H5c ]�I ` a=^LM Ie]=Mha"^�2 K M�H N` K!c�a�_CM�H�� � ^ �6]� �a=cV' � _CJ��_3a=^q_  �K�^LMhI�H5p�_=c ]�I K ^"a � � �qK J	�_ )*� � ^LMhI�H5c K"�5K M�H�c H
HhG��"a ` H��,K�^ ` MhI aCJ�M N K�a"^CHL_3@=A :CB�< |�< p�_  �_5H�I�]�_lI�HL_ � '
� _CJ	�_3p�_=c ]�_lI�HL_Rc�a�K

y
H ` M�H*� � ^LMhI�H �QN` K,8=?��  �_�I � _�K �5_lIeH  =H�J	� _CM � 8=?��5K�^"a ` ^"a��7�_=I a=c� "HUc K�^qK�K� �K�^

� ���q_lI�M�HL_  =H�2�] ` _4H�J�Ib_=^"a=c�aqK ) 

� ` H6] �LM N�K�^CH5H�I�]�_lIeHL_3s!'
F=G ��H�IbK"�4H�^LM _CM N K�� Hlc�a"IbK M�H _��6H ` M�H�J�a=I K�.

@=A,:LB�< |�<�� � ��� � �Z|�< 
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� J�a�� �"aLM�H � HhG �=c K JL_4J�] � �=c H�M � ( �
� ��� ' ' � J�H ` M �6H ` _�2 ` H _ 
 N` HL_Co	�_ J	�_=^  5M K"���_=I K�I�HL_ _CM K�^ �"H �q_lIeM�HC_
 "H�2�] ` _7H�J�Ib_=^"a"c�a�K�'

� ��^ 
,^�_=c&�	 �a����_ _CM��_CM�HL_  =H�M _=c K�K$^"a4^LH4I��_��-�_=^CH  "H�J	� _CM ` �_ p��_ _  �I�H ` �_�� a"^ � � ^� =H	�3^5c _4^C]�K�H G ��H�IbK"�6Hl^LM�H
N` K c _3I�H�o�]$c pq_lIeHC_3HhGqHlIeJLK M N K�K�c ]�I,JL_lIeH a"I �6HL_Co��_�.

1.4 Exerciţ ii
&=' ��H ��I�H ` a��"a=^5J�a"^C] ` JlaLM�H5p�_=c ]�I K�c H p�_lI K�_���K�c H�c ]�I - � � � ( � � � 1!' ��J�IbK H�M N�K$a=^ ��I�]��$I+� _��6H�cCJL_lIeH ` �__ 
 N` H�o�H3pq_=c ]�IbK�c H3c ]�I�� � ^CJ�H	���_=^� RHhG"_CJ�M  �K�^ JT]�c M N a"c ` M��_=^ ��_ ` a ` _=c�H�J�Ib_=^"a=c�aqK��,J�anJ	� _CM�H! "]�a��_ ` �q_CM N�K�K

� � ^LMhI�H5H�c H"'
8$' �V^  �K JL_CM N�K,JL_lI�H  �K�^CMhIeH a"I �7�_CM�]�_lIeHlc H ` aqK M�H  =HnJL_lI _CJ�M�HlIeH ^"a ��]�_CM�H 
 ^"a��6H�c H a"^CHLK p�_�IbK�_��qK�c H�� � ^
��������\ � \ .
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Chapter 2

Mai multă dinamică

� J�H ` M _7H ` M�Hna=^ JL_���K M�]�c�M _�I�H ` J�a=IeM
�  �_lI ��] ��_CM;� � ^�� � ^Lp��_CM N �_��5K�^LM�H"' ��_CM��_�.

�
A�Y�B���H�^CMhI a _ �q]�I�^qK$HhG�H�J�aCM N K�_ a"^=aqK ��I�]��$I _���<

� ` H	�3^LH�c H4] �qHlI _CM N K�K�c ]�I _�IbK M �4H�M K J�H�<

�
9�[�<���H�^CMhI a _  �_7pq_=c ]�IbK�p�_lI K�_���K�c H�c ]�I <

�
J	�_CM�H J�H�p�_  "H ` ��IeH3]���H�Ib_CM N�K�K�Jla�N` K�I�a"IbK�'

2.1 � � �
F;
 � � F�= ��*.

to run � _ _=c H�I ��_�� JC_=c J�a"c _CM�]�_�I�H�c HU^"a �4H�I ����JLK�� a�� 

����
 D�� � ��*. A�Y�B 2 etch 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

� ��^ JL_Co5J��_
etch

c K"� ` HlN` M�H�� pq_=c ]�_�I�HL_ ` _ ��K"� �=c K JLK M��_ 
 H ` M�H �$' � _CJ	�_7p�_=c ]�_lIeHL_3HCK ^"anH ` M�HUa"^8� � ^CMhIeH ���
` H3I�]"Mha=^ 2�H"N` M�H"'

5 I K�^CJLK"�q_=c�a=c
H�� HTJ�M _=c�H GqH�JlaLM��_=IbK�K!J�] �6H�^CoLK�K
A�Y�BRH ` M�H ��]�I�^qK�I�HL_8� � ^5H GqH�JlaLM N K H5_ ��I�]��$I _��3a"c�a�K ��� ����\
 �K�^3JL_=c J�a=c _CM�]�I � � � ^LJ�H	���_=^  J�a ��I K"�5_3c K�^qK H7J�H5_�I�H5H�M K J	�CH�M _ �5_�K � _lI�H ` _=a5H ��_=c��_ J�a etch

'
A�Y�BQ_�I�H N` K!] ` a0�4H  "H�^�K H  =H _=c M�H5H���H�J�M�H K"� ��]�IeM _=^CM�H��!JL_�I�Hn^=a MhI�H	�"a�K H MhI�H�J�aCM�HnJ�a pCH  "HlIeHL_ � ^=a
� K

�3a ` _�K ` �_ c H ��IbK J�H	��H�M N K!_CJ�a0���!^"a�� _ � ` �_nN` M K M N�K� =H4H�c H 

.

�
N` M�H�I �"H4M�]�_CM�H4p�_�IbK�_��qK�c Hlc H�<

�
N` M�H�I �"H4H�J�Ib_=^"a=c ��pLH�oCK,k"9�;��$\ _���K M�]�c�a=c�s 
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�
� _CJ�H A�[
;=<�jlA�[�� � pCH�oLK \ _��qK M�]$c�a"c
&TE�
�<

�
N` M�H�I �"H ` M K p�_ ` a0��I�aLM K�^CH�c ]�I � \ _���K M�]�c H�c Hn&L?,�,&�s 
�'

��H	�3^LH�c H! �K pLH�I ` Hlc ]�I operaţii aritmetice
� � ^ ��������\ ` a=^LM � � ]$c ] ` K M�H!� � ^CMhIeH4HhG���IeH ` K�K  "H4M K"�n^"a��6H�IbK J

��I�]  $aLJ��  �K�^ p�_=c ]�I K�c H4HhG���IeH ` K�K�c ]�I��,^L]�K�p�_=c ]�IbK� �a����_UI�H �$a"c K�/ ` ��H�I��_�� /mH�p�K  "Hl^LM�H 
�.

�
H	� ^ 
 a0�4H \,H*��_CJ�H
� �=c�a ` _  �a=^q_lIeH

 �5K�^"a ` ` J	�_  "H�I�H� _ ` M�H�I K ` J � � ^0�3a"c M N K�IeH�

slash
� � � ���_=IeM N�K�IeH

+ ` �_ �"HL_CM��_ I K  �K JL_lIeHnc _ �"aCM�H�I�H

� _CJ	�_7p=IeH�M N�K ` �_7HhG�MhI _ �=H�M N�K I _  �K JL_=c&�,� ]�c ] ` K M N K IeH ��a"c _3JC_�I�H ` �"a=^LH3J	�_ I _  �K JL_=c� "H3]�I  �K�^"a=c��  �K�^5GnH ` M�H
',+ � � ��( � '\ _ N` K,� � ^ �5_CM�H	� _CM K J��_�� ]���H�Ib_CM N�K�a"^�K�c H ^"a ` HUH�� H�JTMhaLHL_Co	� _ ` K"� �=c�a  =H c _ ` M��_=^���_ ` ��IeH� �I�HL_��CM _�� JLK

�H�JL_lIeHd_lIeHR] _=^"a�� K M��_

precedenţă
N` K asociativitate

' � N�K _=^"a��6H�� ��I�H�J�H  "H�^CM Nh_���]dJL_=c K M _CM�HRJL_lIeH
_lI _CM��_5JL_lI�Hn]���H�Ib_CM N�K�K ` H"� _CJ*� � ^LM��_�K 
 J�IeH"N` M�HnJL_8� � ^ �5_CM�H	� _CM K J��_ �  "HRc _ � ` ��I�HRI K  �K JL_lIeHUc _��=aLM�H�I�H 
�' � _
��I�H�J�H  =H�^LM N HUH ��_=c HR] �qHlI _CM N K�a"^qK�c H ` H�� _CJ  "H c _ ` M��_=^ ��_ ` ��I�H� �I�HL_��LM _ � _ ` ]�JLK�_CM K pqK M _CM�H c _ ` M��_=^���_ 

� J�a
HhG�J�H	�CM N K�_ IbK  �K J	�_=I K�K!c _ �"aCM�H�I�H��!JL_�I�H5H ` M�H _ ` ]�JLK�_CM K p��_ c _! �I�HL_��LM _�'4F=G���H�I K"�4H�^CM _CM N�K� �K pLH�I ` H3JL_=c J�a=c H�.

@=A,:LB�<�� � �!+ � � �*� � � �!+ � � � # ��� �!+ � � � & � � �!+ � � � 
 �
��H�^LMhI�aRI _  �K JL_=c K�K  �K�^ 8$'


;� _�� ` �"a ` ��]?�  �_lIvJlIeH  dJ��_R_CM N�K K�^LMhaqK M7J	�_�� K�_�I��_�N` K,JL_��h^ � _CM�H	�5_CM K J	�_�� ` H���]"M"� ]�c ] ` K ��_�Ib_=^LM�HTo�H�c H
��H�^LMhI�a�_ �4]� �K 
�JL_3]�I  �K�^LHC_ ] ��H�I _CM N�K�K�c ]�I ' ��H'��]�c ] ` H ` J�� � ^ ` �_n^=a0�5_�K �q_lI _=^CM�H�o�HRI�]"Mha=^� "H�� ]�IbK J	�_CM�H3a=^q_��
^LMhI � _=c M _�' F=GqH	� �"c�a�.

@"A,:CB�<��!+ � # � � 
 � � � 
 & � ���
��� _�I �=aLM�HL_ ` �_ 
�MN�K  "HToL_��7�_ ��K M N�K J�]�^ ` M _CM��_=^� RJ	�_ZI K  �K JL_lIeHL_ c _ �"aLM�HlIeHR^=a��6HlI �=H ^�K JLK J�a0�>Jla��q_Co�H

^LH ��_CM K pCH��3^qK JLK �7�_CJL_lI ��H�^CMhI a HhG���]�^LHl^LM N K � � ^CMhIeH ��K�' � ` �_Qp��_ J�]�^ ` ]$c H�o � ��]�_CM�H 
�� ` �"a=^��_=^� �a�� p��_ J	�_
�5_CM�H	� _CM K JC_Q^�K JLK ^"a� "H 
 ^CH"N` M�H � a"^CJ�M N�K�_ �=aLM�H�I�H �qHl^LMhI�a �q_CoTH ^CH ��_CM K pCH�� � � ^ �"Hl^LH�Ib_=cV' � _UMhI�H	�"a�K ` �_
K"� �"c H	�4H�^LM _CM N K ` K�^ ��a"IbK�_CJ�HL_ ` M��_ ]���H�Ib_CM N�K H � � � ^ ` �_  $a0���_4\ _���K M�]�c�a"c	
���� � ^ JL_�I�H!�5_�K�� � ^Cp��_CM N �_�� J	�_CM�H�p�_�� a"^LJTM N�K�K
aLM K�c H 
�'

2.2 � � �
F;
 � � F�= ��*.

to let � _ c��_ ` _
����
 D�� � ��*. 9�[�<

var
&

expr\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

var
H ` M�H4^=a0�4H�c H4a"^CHLK=pq_lI K�_���K�c H � ^=a0�4H�I K J��_ ` _=a N` K�I 
�' expr

H ` M�H ]6H G ��I�H ` K H JL_lIeH � � ^4a"I �5_ H�p�_=c�a�� _=I K�K
�"Hl^LH�I�HL_Co	�_Ua"^nI�H�o�a"c M _CM  =H _CJ�H�c _�N` K�M K"�5Jla var

'
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9�[�< H�p�_=c�aLHL_Co	�_QH G ��I�H ` K�_  �K�^ �q_lIeM�HL_  $IeHC_��LM��_d_ ` H � ^=a"c�aqK H ��_=c&� _���]�K  ��_ p�_=I K�_���K�c HLK  �K�^ ` M��_=^��
��_ZIeHTo�a"c M _CMha=c  �I�H	�LM7pq_=c ]�_�I�H"' � J�HL_ ` M��_ ]���H�Ib_CM N�K H ` HR^=a0�4H"N` M�H atribuire

' � _CJ��_np�_lI K�_���K�c _R^"aRHhG"K ` M _
_=^LM�HlI K ]�I���HL_7H ` M�H5J�I�HL_CM��_�<� �_CJ	�_7HhG"K ` M _���pCH�J	�CHL_3HLK!p�_=c ]�_lIeH4H ` M�H �qK H�I  �aCM��_�'
� J�H ` M _ H ` M�H4a=^ c�aCJ�I a4K"� ��]�I�M _=^LM
. _CM��_CM _ p=IeH	�4H J	�_CM ]4pq_lIbK�_��qK�c��_ ^=a _ � ] ` M J�I�HL_CM��_ � Jla69�[�<;�":CB�@=Y�<

� \ _���K M�]�c�a"c�? 
�����j�A � \ _���K M�]�c�a"c�� 
 ` _=a5Jla5{,:	� � \ _��qK M�]$c�a"c ��
 

��HC_n^=a HhG"K ` M��_��
N` K�JL_3_CM _�I�H4M�H�^LM _CM K pCH�c H
 "H3_�� ]$c ] ` K"p�_=c ]�_lI�HL_5HCK ` H5pL]�I ` ]�c  �_7J�a3H�Ie]�_�I�HL_n8$' � ��^LJTH�IeJC_CM N K�.

@"A,:CB�< -

N` K$pCH�M N�K
_CpCHL_7H�I�]�_lIeHL_�.

� � -�� 2 - � ��1 .
�=/ � � ) . � � � ���
_���]�K

9�[�< - &��$� @=A,:LB�< -

�dHhG���I�H ` K H  =H��=H�^"a=cL9�[�< � & � ��� ^=a H ` M�H ]6_�� ` a"I  �K M _CM�H�����H�^CMhI a J��_ ^"a H ` M�HvpC]�I �q_  "H ] H ��_=c K M _CM�H��
JLK  "H5]n] ��H�I _CM N K�a=^LH  "H4J�I�H"N` M�HlIeHn_5p�_=c ]�IbK�K�J�a ]Ra=^qK M _CM�H � incrementare


�'
���_ pLH  =H	�>a=^ �5K J HhG�H	� �"c�a$.


 9�[�< � &�� # � @=A :CB�< �
� 9�[�< � & � � 
 �R@"A,:CB�< �
� 9�[�< - & 
 �U9�[�< � & - � � ��@=A,:CB�< �

A�Y�B

J�a I�H�o�a=c M _CMha"c&.

� #
��"
� & �

2.3 Concatenarea ş irurilor
� ^q_  �K�^U]���H�Ib_CM N�K�K�c H5JL_lI�H ` a"^CM  =H 
,^qK M�H���H3M K"�"a=c N` K�I�a"IbK�c ]�I  "HnJC_�Ib_CJ�M�H�I�HnH ` M�H concatenarea

�&� � ^=c��_=^��
M N aqK�I�HL_ 
T' ��K"� ��]$c�a"c
HCK H ` M�H _CJ�H�c _�N` K J�a�_=c _  $a"^��_=I K�K ^=a0�4H�IeHlc ]�I � ` H	�3^"a=c �"c�a ` � ' � � H ` ��I�H:� � �"c�a ` ) ` H
` �=a"^CH J	�_3H ` M�H supraı̂ncărcat

� �qHl^LMhI�a�J	�_%� _CJ�HRc�aCJ�I a=I K  �K � H�IbK M�HnJ�a M K"�=a"IbK  �K � H�IbK M�H"' 
��!H	� _lI�JL_CM NbK J	�_
^"a3HhG"K ` M��_ ��] ` K"�qK�c K M _CM�H  =H5J�]�^�� aLoCK H��  "HT]�_lIeH�JTH M K"�=a"c,I�H�o�a"c M _CMha=c�aqK H ` M�H  �_CM  "H5M K"�=a"c�] �qHlI _=^CoLK�c ]�I '%
 a
HhG"K ` M��_4]���H�Ib_CM N�K�_  "H _  $a"^�_�I�H�� � ^CMhIeH3a=^ N` K�IvN` K,a=^ ^"a��7�_=I � H�I�]�_lIeH  "H ` K�^CM _TG$�_ 
�' � ��^LJ�HlIeJL_CM N�K �

\ a0�Oc�aLJ�I�HL_Co	�_ � J�a�N` K�I a=I K!pCH�M N�K � � ^LM N H�c H �"H5HhG�H�J�aCM��_=^  ?.

��� 9�[�< - �0&�� � - � �
�*� 9�[�< � �0&�� � 1 . �
# � 9�[�< ( �0& - � � � �
& � 9�[�<����0& � � � - �

 � @"A,:CB�< |�<�� � � � �L|���&�� � - � � �Cz���&�� � � � � �C|�� ��z ��&��
�d( �
*
 @"A,:CB�< �Cz�� ��|���&���� ���� � @"A,:CB�< �C|�� ��z�� 1 ��/ 1 �,2 ��1 � 2 / ��1 z�� ��|�� % �
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J�a3H�� H�J�Mha=c

|���&�� - � z��0& � 1 .
|�� ��z���&�� - � � 1 .
z�� ��|���& � 1 . � - �
|�� ��z�� 1 ��/ 1 �,2 �
1 � 2 / �
1 z � ��|�� %

2.4 Exerciţ ii
&=' �
HC_=c K oL_CM N�K�a=^ ��I�]��$I _��dJL_lIeH JL_=c J�a"c HC_Co	�_4N` KL_ 
 N` HC_Co	�_ ��I K"�4H�c H s!�"aCM�H�IbK �  =H c _ � c _ E�
,_=c H ^"a��7�_=I a=c�aqK
?�' DvK"���_=I K�I�HL_ _CJTH ` M�]�Ib_ ` H p�_�� _CJ�H!��I�H�JLK o��_=^� ��H J�]�c ]�_=^q_!� �"aCM�H�IeHC_ N` K �qH J�]�c ]�_=^q_7&�
 pq_=c ]�_�I�HL_�'

8$' �V^  �K JL_CM N�K ��I�H"N` H�c K�c H  �K�^Ua"I �7�_CM�]�I a=c�� � ��Ie] ��Ib_�� )�.


 � 9�[�< |���&�� 
 �� � 9�[�< - &�|��
��� @=A,:CB�< |��+
 #
"�� 9�[�< - & - � 
 � �
��� 9�[�< 9�[�<�& &
�
����� 9!:";=<�
=9�[�<
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Chapter 3

Interacţ iunea cu calculatorul

� ]��  �K ` JlaLM _  "H ` ��I�H�.

�
M _ ` M _ � � F �*E ��H�^CMhI a�� � ^LMhI�H�I a���H�IeHC_���I�]���Ib_��4H�c ]�I <

�
;"<�j=@���H�^LMhI�an]���IbK�IeHC_ ��I�]��$I _��4H�c ]�I�<

�
k�jlB�<!:CB�Y�[ ��H�^LMhI�aRIeH�c�a�_�I�HL_Uc ]�I�<

�
:LB�@=Y�<���H�^LMhI�anJ�]��3a"^�K JL_�I�HL_3K�^LM�H�Ib_CJ�M K p��_7J�a aCM K�c K oL_CM�]�I�a"cV'

� � F �8E H ` M�Hn]RM _ ` M��_3J�] � �=a ` �_  �K�^Q\ _�� ` � �qK � M � \ � 
3N` K �"c _=^CJ ' � _ _����_ ` _�I�HL_ _CJTH ` M�]$I _��
 �_CJ��_ ��Ie] ��Ib_�� a=c ` HZ_�@;�_-� � ^CMhIeH� =]�a��_ K�^ ` MhI�aLJTM N�K�a"^�K�� HhG�H�J�aCM N K�_ ��I�]���Ib_��3a"c�aqK ` H ]���I�HlN` M�HQJla a"^�_  �K�^
H�I�]�I K�c H � ` _=a � ' � K � HlIeH�^CM N�_  �K�^CMhIeH J�H�c H  "]�a��_ �6H ` _�2�H H ` M�H MhI _=^�N` _CM��_ ]� �_CM��_ J�a4HhG��"c K JL_CM N K�_6K�^ ` MhI�aLJ�M N�K�a"^�K�K
k�jlB
<!:CB�Y�[ � � � ^5J	��K�_�I _CJ�H ` MvJL_���K M�]�cV'

3.1 ����� �
F;
 � � F�= ��*.

to stop � _ � ` H 
 ] ��I K
����
 D�� � ��*. ;=<�j=@
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� N` _UJ�a�� _�Ib_CM��_RN` K ^"a0�4H�c HUHLK�� H GqH�JlaLM N K�_R_CJ�H ` M�HCK K�^ ` MhI aCJ�M N�K�a=^qK ` H ` ]�c  "HC_Co	�_UJ�a ] ��I K�I�HL_RH GqH�JlaLM N K HLK

��I�]���Ib_��3a"c�aqK$J�a �4H ` _�2 a"c� "H5HlIe]�_�I�H ��'
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3.2 � � � � ���
� �

F;
 � � F�= ��*.
to continue � _5J�]$^LM K�^=aq_

����
 D�� � ��*. k�jlB�<!:LB�Y�[
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
k�j�B�<!:CB�Y
[ ^"a ��I�HL_ _lI�H ` Hl^ ` JL_ �q_lI�M�H  �K�^LMhI �fa=^ ��Ie] ��Ib_�� ' ��J�] �"a=c�HLK
H ` M�H  "H5_3I�H�c�aq_4H GqH�JlaLM _=I�HL_

a"^=aqK ��I�]��$I _��  �a����_�� � ^LM��_=c�^�K�IeHC_3a"^CHLK!H�I�]�I K�'
� _CJ	�_ H�I�]�_lI�HL_ _ � ] ` M � ` _=a � ��_CMha=^LJLK$HhG�H�J�aCM N K�_ ��I�]��$I _��3a"c�a�K ` H pq_4JT]�^LM K�^=aq_  "H3c _4K�^ ` MhI aCJ�M N K�a"^LHC_

HhG"_CJ�MRa"I �-�_CM�]�_lI�H J�H�c HCK JL_�I�H _ JL_=aLoC_CM H�I�]�_lI�HL_�' � _CJ	�_RHlIe]�_�I�HL_d_ � ] ` M _=c M _���K�^LJ�c�a ` K p � 

� _CMha"^LJCK
k�jlB
<!:CB�Y�[ p�_5JC_=aLoL_UI�H�c�aq_lI�HL_nK�^ ` MhI aCJ�M N�K�a=^qK�K!JL_lIeH3_4JL_=aLoC_CM H�Ie]�_�I�HL_�'
� _CJ	�_C� � ^CMhIeH ��Ie]� �aCJ�H�I�HL_ H�I�]�I K�K���� �4]��4H�^CM�� � ^ JL_lI�H ��I�]��$I _��5_CM�]�I a=c  "H ]���K J�HLK ` Hv_��"aCJ	�_ ` �_ K�^ ` ��H�J�M�H�oTH

N` K ` �_ �6]� �K 
�J�H!��I�]��$I _��3a"c3� � ^ ` JT]��"a=c	 "H	��K ` M��_=IbK�K)'	 =H	�q_=^��_=IbK�K ��I�HlN` H�c K�c ]�I 
 N` K�J�H�c"_=c�HhG�H�J�aCM��_=IbK�K�K�^ ` MhI�aLJ�M N�K�a"^�K�K
k�jlB
<!:CB�Y�[ ` H!��H�MhIeHTJ _=^=a0�5K M�H!�6]� �K 
�J	�_=I K��5_�2�]$IeH �  "H HhG�H	� �"c�a4H ` M�H ` J�]�_ ` �_4c K�^�K�_1� � ^ JL_lIeH ` � _ ]��CM N�K�^"aCM
H�I�]�_=I�HL_ 

�!_CMha"^CJLK,k�j�B�<!:CB�Y
[ _lI �"aCM�HL_ ` �_ ` H ` ]$c  "H�oTH5J�a HlIe]�_=IeHL_ 
 '

Atenţie
.  �_CJ	�_7H�I�]�_lIeHL_ ` � _3]��CM N�K�^"aLM J��qK�_lI;� � ^5J�a=I ` a"c
H GqH�JlaLM��_=IbK�K a=^LHLK K�^ ` MhI aCJ�M N�K�a=^qK  �K�IeHTJ�M HhG�H�J�a��

M _��qK�c H � _  �K J	�_U^=a _Ua"^LHCK c K�^�K�K  "H ��I K�^ ��Ie] ��Ib_�� 
��
_CMha"^CJLK�� � ^LJ�HlIeJL_lI�HL_  "Hn_UIeH�c�a�_UJ�a k�jlB�<!:CB�Y�[np�_ 

` ]�I�M K M��_ HlN` H�Jla"c�aqK�� J	�_CJLK ^L]$aq_Uc K�^qK H  �K�I�H�J�M HhG�H�J�aLM _���K�c��_ pq_ 
d^"anJ�HC_nJL_lIeHn_  �_CM HlIe]�_�I�HL_��!JLK!J	��K�_�I J�HC_
J�a�K�^ ` MhI�aLJ�M N K�a=^LHL_Rk�jlB
<!:CB�Y�[C� \ _=c Jla"c _CM�]�I�a"c
p�_RK�^LMhIb_�� � ^LMhI � ] �"aCJ�c��_UK�^ 
,^qK M��_�� JT]�^LM K�^=a��_=^� ` �_nH GqH�JlaLM�H
K�^ ` MhI aCJ�M N�K�a=^LHL_nk�jlB�<!:LB�Y�[ � � ��c��=aLM�H�M N K�� �qK�^CH��h^LM N�Hlc H ` �$]���IbK�J�a � � F �8E '
�+D _ ` M _CM N�K"@=A,:CB�< � �*�nN` K� �a����_ ]��LM N K�^CH�I�HL_ � � � ^4c K�^qK�_ � 
 _ H�I�]�IbK�K � B�)�
 � 1 � /
��� � 2 � � �$� � M _ ` M _CM N�Kk�jlB
<!:CB�Y�[ '�� J�a��>c K�^qK�_ �3H ` M�H5J	�qK�_lI J�HL_3J�ank�jlB�<!:CB�Y�[;�� "H�JLK ��Ie] ��Ib_�� a=c ` � _ �"c ]�JL_CM � � �Vc �"aLM�HTM N K$]���IbK

J�a � � F �*E 
T'

3.3 � � � � �
F;
 � � F�= ��*.

input � K�^LMhIb_lIeH�<!J�HTHL_3J�H K�^CMhI+� _
����
 D�� � ��*. :CB�@=Y�< 2 � cale 4 2 valoare 4&2 � 4.2 � 4.2 � 4.2 9
:CB�[ varsir 4.2 var 42 |�< y,x 4 2 <�|�z x 4.2 culori 4\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
� _ � � ^LM��_=c�^qK�I�HL_Q_CJ�H ` M�HLK K�^ ` MhI�aLJTM N�K�a"^�K�� JL_=c J�a=c _CM�]�I a=c pq_ ��]�c ] ` K �q_lI�M�HL_  "H72 ] ` _ H�J�Ib_=^"a=c�aqK ��H�^LMhI�a

_ _ 
 N` _ � H�c�a=I K M�Hlc HQpq_=c ]�IbK N` K ��H�^CMhI a _RJ�HlIeH� =Hdc _ aCM K�c K oL_CM�]�I6K�^LMhI�]� �aCJ�H�I�HL_ a=^L]�I5_=c M�H p�_=c ]�I K ��H�^LMhI�a
p�_�IbK�_��qK�c H�c H

var
' � �V^nJL_Co3J	�_R^"a��7�_=I a=c� "HRc K�^�K�K  �K�^ �q_lIeM�HL_  "H*2 ] ` _nH�JlI _=^=a"c�aqK ^"a�_�2 a"^��=H�� H�c H ` H3pL]�I

� � ^�� a=c M NbK �7�_=^LJ	�_=^� � �K�^dc K�^qK�K�c H� �K�^ ��_�I�M�HL_  "H ` a ` � ` _=adIbK  �K J	�_=^� $a
�hc H"'�� a0���_RM�H�I �5K�^q_lIeHL_ HhG�H�J�aCM��_=IbK�K
K�^ ` MhI aCJ�M N�K�a=^qK�K :CB�@=Y
<���_�I�M�HL_  "H�2 ] ` _4HTJ�I _=^=a"c�a�K,H ` M�H N` M�HL_lI ` �_nN` K IeHL_  $a ` �_ c _  =]�a��_3c K�^qK�K�'

� ��^ ` K�^LM _TG"_  "H �5_�K ` a ` .

� var
H ` M�Hn^"a��6Hlc H a=^LHLK!p�_lI K�_���K�c H�� ^"a0�4H�IbK J	�_ ` _=a N` K�I�<

� varsir
H ` M�Hn^=a0�4H�c H3a"^CHLK!pq_lIbK�_��qK�c H N` K�I <

� valoare
H ` M�H4]nHhG���IeH ` K H3J�H ` H4H�p�_=c�aLHL_Co	�_ �  =H6]�IbK J�H5M K"��' 


��a"^CJ�M N�K ]$^q_lIeHC_Rc�aqK :CB�@=Y�< ` HC_��7�_=^��_ � ]�_lIeM�H � a=c MvJ�a _CJ�HTHL_ _Uc�a�K,@=A,:LB�<;��_�N` _3J��_ ^"anpL] �  "HTM _=c K�_
I�]�c�a"c ` H	�q_lIb_CM�]�I K�c ]�I N` K,_=c,c�a�K!<�|�z;��JC_�I�H c�aCJ�I�HL_Co	�_ J	�qK�_lI c _%� H�cV' � H ` ��I�H Jla"c ]�IbK,pC]�� pL]�I �qK�� � ^ JL_���K M�]�c�a=c
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a"I �-�_CM�]�I N` K � � ^n\ _���K M�]�c�a"c,&��$' � �_3c�� _�� a=I K"� ��IbK�^ HhG�H	� �"c H5JTH�HL_3J�H5_ � _�K!I��_��5_ ` '

�
:LB�@=Y�< - J�H�I�H3] p�_=c ]�_lIeH3^=a0�4H�I K J��_  "H _CMhIbK"�"a�K M c�a�K - <

�
:LB�@=Y�< - � J�H�I�H ]4pq_=c ]�_�I�H6N` K�I� =H _CMhI K"�=aqK M c�aqK - ��<�aLM K�c K oC_CM�]�I�a"c�pq_ ��I K"�5KCJ�a=I ` ]�I�a"c#� � ^LMhI�H��,�qK�c K"�4H�c H
� ��H5JL_lIeH�� � ^ ` �_3c H ��]�_CM�H N` M�H�I �"H 
�'
� _R_CJ�H ` M�H  =]�a��_UM K"�"a=I K  =HR:CB
@=Y�<daCM K�c K oL_CM�]�I a=c ��]�_CM�H ` �_nM _ ` M�H�o�HU]�H G ��I�H ` K HR]�IbK J	�_CM  "HUJ�]��8�
�"c K JL_CM��_�� JL_lIeHRp�_ 
 HTpq_=c�a�_CM��_ �qHl^LMhI�a _ JL_=c J�a"c _ p�_=c ]�_lIeHL_  "H _CMhI K"�=aqK M�' �V^CMhIe]� $aLJ	�_=^� +��IbK"�3a"c
JL_�Ib_CJ�M�H�I ;=<�j"@ � � � � _ 

�!K�^ ` MhI�aLJTM N�K�a"^CHL_U:CB�@"Y�< ` H6p�_7]���IbK�J�a3H�I�]�_lIeHL_ � '

�
:LB�@=Y�< 9!:CB
[ - ��� ` ��I�H  =H�] ` H	�qK�I�H  =H :CB�@=Y�< - ���=^"a � _�KT]	� HlI+� _ �,�qK�c K"�4H�c H�c H�� ��c _ pCH  =H�IeH�)naLM K�c K oL_��
M�]�I a=c�aqK���_�N` _ J��_ _CJ�H ` M _7^"a5c H!�5_�K���]�_CM�H5N` M�HlI �=H ` ��I�H _ K�^LMhI�]� �aCJ�H4]6H G ��I�H ` K H  "H H�p�_=c�aq_CM�'1D,]�_CM�H
JL_�Ib_CJ�M�H�I�H�c H ��H5JL_lIeH _CJTH ` M _Uc H4M _ ` M�HC_Co	�_4pC]�I  =H�pLHl^qK,p�_=c ]�_lI�HL_5p�_lI K�_���K�c HLK - � �8� ^n:CB
@=Y�< 9!:CB�[
` H4]���I�H"N` M�H3_����_ ` �_=^  �� � ^5M K"� �"a=c�HhG�H�J�aCM N�K HLK ` _=c H \ � � 
 '

3.4 Exerciţ iu rezolvat
��J�IbK H�M N�K a"^���I�]��$I _��OJL_lIeH ` �_ ��]�_CM��_ 
(� ]$c ] ` K M!��H���] ` M  =HnJL_=c J�a"c _CM�]�I  "H �"aCo�a"^�_�I�� J�H�c �"aCM N�K�^nJ�a

]���H�Ib_CM N�K�K�c H � 
��"� +�'
Rezolvare


 :CB�@"Y�< ��1�' ��� 1 � 2 - �
1 ( - �$(�)
� -=/ � ��� -
" @=A,:LB�< | �h:CB�@"Y�<
�T{ - ( - -=/ 2 (�2 / 2 / /
-	��/�-=/ 2 k�A����U9!:LB�[ - �
� A�Y�B

5 Ie] ��Ib_�� a=c ` H��q_CoTHL_Co	�_ ��H-� _��LMha=c J��_Uc _R:CB�@=Y�< �"aCM�H	� K�^LMhI�]� �aLJTH�]RHhG���I�H ` K HUJL_�I�H ` �_ 
�HnH�pq_=c �
aq_CM�� _�' � c  =]�K�c HL_ :LB�@=Y�< 9!:CB
[n_ ` K �$a"I��_ J�]�^CM K�^"aq_lI�HL_ ��Ie] ��Ib_�� a=c�aqK$^"a�� _�K� $a0���_5_����_ ` _lIeHC_4M _ ` M�HLK \ �
� p�_=c ]�_lI�HL_ K�^CMhIe]� $a ` �_ ��H�^CMhI a - �R^=a _�I�Hn^�K JLK�] K"� ��]�IeM _=^CM N��_ 

��J	� _CJLK=A�Y�B N` M�H�I �"H7H�J�Ib_=^"a"c �

\,H MhIeH �"aqK H ` �_ � _CJ ��H�^CMhI a6_ M K"���_=I K=c _ J�a _�2haCM�]�I a=c"c�a�K=:LB�@=Y�< p�_=c ]�_lIeHC_ a"^LHCK�p�_�IbK�_��qK�c H�( � H HhG�H	� �=c�a$�
� � ^CMhIeH � �qH7JLK�^LH�p�_3J�a�� � � c"J��LHL_��-�_�.

:LB�@=Y�< ��k=) 
 * - (q0�1 - 
 - ' ��� . �
N` K!_���]�K$p"I�HL_=a ` �_��hc�� � ^CMhIeH	� ��H . � J	�_CM N K
_=^�K
_lI�H"'�
 a ��]"M ` �_ � _CJ5_�N` _�.

:LB�@=Y�< �=( -"/ 2 -=. 2 - *�1 / 2 � ��� . ����� ' ��� -=. 2
��H�^LMhI�a4J	�_ _CJ�HL_ ` M _�� � � ^5c ]�J ` �_ ` J�IbK H4^"a��6Hlc H JL_�I�H H ` M�H p�_=c ]�_lIeHL_ c�aqK . ���"_�I�JTH�IeH ]3^L]�a��_ pq_=c ]�_�I�H!��H�^LMhI�a
. �!' ��]�c�aCM N�K�_4H ` M�H ` �_ MhI _=^ ` � ]�I � pq_lI K�_���K�c _�� � ^CMhI&��]nHhG���IeH ` K H��,_ ` M���H�c&.

:LB�@=Y�< �=( -"/ 2 -=. 2 - *�1 / 2 � ��� � . � � ��� ' ��� -". 2
` _=a

:LB�@=Y�< �=( -"/ 2 -=. 2 - *�1 / 2 � � � . �!� � ' ��� -=. 2
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���_ ^LHna�K M��_�� �=aLM N K�^5J�a0�>c�aCJ�I�HL_Co	�_ :CB�@"Y�< |�< ` _=a$��HTJ	�qK p�_=c H�^LM
�!J�H ` H�� � ^CM��_�� �"c��_ J��_=^� R_�I�H3^LH�pC]�K H
 "H �5_�K �3a"c M�H5I��_=^  �a=I K�' � � ` �"a `  =H+2 _7J	�_3a"I�J	�_7J�H�c H  "]�a��_3I��_=^  �a=I K$JL_lIeH! "H7]��qK JTHLK
_=c J��_CMhaqK H ` J �q_lIeM�HC_
 "H12�] ` _ H�J�Ib_=^"a"c�a�K��
_CM��_CM _ J	�_CM H5^CH�pC]�K H �  �_lI _CJ�HL_ ` M��_!��_�I�M�H5^=a ` H �-�_=I�HlN` M�H ^qK JLK ]� �_CM��_7c _ � _�K � a=c M  "H
8"8  "H3I��_=^  �a"IbK$J�a5M�]"Mha=c&< � � ^LJTH�IeJC_�I�HL_  "H5_7MhIeHTJ�H _CJ�H ` M��_3c K"�5K M��_ ` H pq_ ` ]$c  �_4J�a3H�I�]�_lIeHL_7s�
T' � �_=^� �a=I K�c H
 "H-2�] ` M�]"MUa"I�J	�_ ��H ` M�HQJ�H�c H� �K�^ �q_lIeM�HC_  "H ` a ` _ H�J�Ib_=^"a"c�a�K��5N` M�HlI �,�_=^� $a
�hc H$� ���_=^��_UJ	�_=^  � � ^LM��_=c�^LH ` J
cursorul

c�aqK @=A,:LB�<;�� $a0���_UJL_lIeH8� � ^CJ�H	� ` ��]'� � � �qK�^ ���_�� � ^ ` a ` ' � \ a=I ` ]�I a=c c�a�K,@=A,:CB
<RH ` M�HRc ]�J�a"c a"^  "H
@=A,:LB�<R_�I MhIeH �"aqK ` �_ ` J�I K HUa"I �-�_CM�]�I�a"c"JL_lIb_CJ�M�H�I ��H3H�J�Ib_=^�' 
 � ]�I �q_ c�a"^ ���_�� _��4H�M N HL_=c _3]��3a"c�a�K�' � _�K ` �_
pCH  "H	�  �K � H�I�H�^CM N _�.

� @=A,:LB�< �C0 - 2 �"-�� ( � 2�1�
 ("1=* - �=) . ��),2�1 / � 1 1�( ��-=. ( -��"- - *�1�
 (l1 �q/ 1 � ��1 �
� @=A,:LB�< �C0 - 2 �"-�� ( � 2�1�
 ("1=* - �=) . ��),2�1 / � 1 1�( ��-=. ( -��"- - *�1�
 (l1 �q/ 1 � ��1 �
# @=A,:LB�< �C0 - 2 �"-�� ( � 2�1�
 ("1=* - �=) . ��),2�1 / � 1 1�( ��-=. ( -��"- - *�1�
 (l1 �q/ 1 � ��1 �
& @=A,:LB�< �C0 - 2 �"-�� ( � 2�1�
 ("1=* - �=) . ��),2�1 / � 1 1�( ��-=. ( -��"- - *�1�
 (l1 �q/ 1 � ��1 �
��� @=A,:LB�< |�<
� � ��� �R:CB
@=Y�<.�����������������������������
� � K�^qK�K�c H38���?��=E ` a"^LM c K�^qK�_ & H  �K M _CM��_nN` K�J�a5H�M K J��LH�M _ ` J	�qK"� �q_CM��_�' 
 � J�H ` M ��Ie] ��I��_��4H�c�pq_ ` J�IbK H4J�H�p�_

��H5H�J�Ib_=^$�  �a����_7JL_lIeH7pq_ a"I�JL_ �q_lI�M�HL_  =H�2�] ` _7H�J�Ib_=^"a=c�aqK�� N` M�HlI �,�_=^� �� ]���H4J�HL_  =H ` a ` � ��H�^CMhI anJ	� _5_��
�3aLM _CM J�a=I ` ]�I a=c,c�aqK$@=A :CB�<Rc _ ������'
� J�a��>I a=c _CM N�K� �K�^ ^C]�a ��I�]���Ib_��3a"c&� �"a=^��_=^� �� � ^nc K�^�K�_ & �5@=A,:CB�< |�<���� � � �

3.5 Exerciţ ii
&=' ��J�IbK H�M N�K a"^���I�]���Ib_�� JL_lIeH ` �_7J�HL_lI+�_5Jla _�2haCM�]�I a=c,c�aqK :CB�@=Y
<n]UJLK � I��_nN` K ` �_4M K"���_=IeHL_ ` J	�_ ^"a0�4H�c H3HLK

� � ^nc K M�H�IeH�� ^"a�� K a�N` ]�I � 
�'
8$' � H ` J�IbK H�M N K�]�I  �K�^CHL_ �q_lIeJla"I �"H�IbK�K a"I �7�_CM�]�I a=c�aqK ��I�]��$I _���.

� 
 9�[�< |�& &
#�
 9�[�< - &�| � ���
& � A�Y�B -

 � @=A,:CB
< � 
 -�� 1 � � 1 � 1 - � - % �
��� ;=<�j=@ � A�Y�B
"�� @=A,:CB
<��*�
��� A�Y�B -
����� ;=<�j=@
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Chapter 4

Culoare

� ]��9� � ^Cp��_CM Nb_ ` �_ �q_lIeJla"I �"H	� K�^ ` MhI�aLJ�M N K�a"^�K�c H ^=aR^LHL_����_=Ib_CM1� � ^ ]�I  �K�^CHL_�
,IeHL_ ` J	�_RN` K��  "Hn_ ` H	�4H�^LHC_��,pL] �
_  ��_=a���_3a"^ �qK J  =H6Jla"c ]�_lI�H _CJ�H ` M�HLK!pqK HTM N�K �4]�^C]�JlIe] �6H ��I K�^�.

�
x
j=<�j ��H�^LMhI�a ` _=c Mha=I K�<

�
z
jlA�{�[=A ��H�^CMhI anJ�]$c ]�I _lIeHC_ �5_�I ��K�^�K�K�<

�
@�|�@�[=A���H�^LMhI�anJ�]�c ]�Ib_�I�HL_����_=IeM K HLK�<

�
:LB�~���H�^CMhI anJ�H�I�^LHC_=c��_�'

4.1 � �����
F;
 � � F�= ��*.

go to �  $a
��M�Hnc _����
 D�� � ��*. x�j=<�j
etch\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.

etch
� � � ^3a"I �5_5H�p�_=c�a�� _=I K�K,N` K Ie]=Mha"^ 2 K�I K�K c _7J�H�c �5_�K�_���Ie] �qK�_CM � � ^CMhIeH ����MhIeH �"aqK H ` �_ 
�H3a"^ ^=a0�-�_=I�� � ^CMhIeH

� N` K �0�0������_  �K J	�_4]nHTM K J	�LH�M��_�'�5 c _ ` _lIeHL_ ` _ � � ^ _�� _lI _7_CJ�H ` M�]�I c K"�5K M�H ` H ` ]�c  "HC_Co	�_4Jla H�I�]�_lIeHC_ � '
F�� H�J�Mha=c K�^ ` MhI aCJ�M N�K�a=^qK�K x�j=<�jRH ` M�HnMhIeH�JTH�IeHC_dc _UHhG�H�J�aCM _�I�HL_ c K�^qK HLK Jla H�M K J	�CH�M _ ` ��H�JLK 
�JL_CM��_�� ` _=aQc _

a"I �-�_CM�]�_lI�HL_ c K�^�K H �5_�K	�5_�I�H JL_
etch

�� �_CJ	�_ c K�^�K�_
etch

^"a HhG"K ` M��_�' \ a _=c M�HvJlaLp�K�^LM�H��=H ` M�H ] K�^ ` MhI aCJ�M N K�a"^CH
 "H

salt
' � K�^qK�_Uc _7JL_�I�H ` H ` _lI�H5pq_ 
�H GqH�JlaLM _CM��_0� � ^CJ�H	���_=^�  "H3c _ ��I K"�5_4HLK,K�^ ` MhI�aLJ�M N K�a"^LH='

� ��I�H  =H�] ` H	�qK�I�H  "H4A�Y�B ��x�j=<�jU^"a _�I�H _=c M�H
efecte laterale

� J�]$^ ` H�JLK�^LM N�H �5_�K��"aLM N�K�^ K"� ��]�IeM _=^CM�H
/rJ�a0� H�I _ c _ A�Y�B�N` M�H�I �=H�I�HL_5HTJ�I _=^=a"c�a�K 

�� =H�JLK$H ` M�H � _�KlJ�]�^CpLHl^q_��qK�c� "H0� ]�c ] ` K M �qHl^LMhI�a _0� _CJ�H ` _=c Mha"IbK
��IbK�^ ��I�]���Ib_��n'

F=GqH � �=c�a$.
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�dx�j=<�j ���

 @=A,:CB
<
�C@�1 - 2=(
2 . ) � 1 /�� 1�("1 �
��� @=A,:CB
<
��;�1 - �=) . ��1 �,2 � 1�( / - 2=(�2��
��^ ` MhI�aLJTM N�K�a"^CHL_nx�j=<�jUH ` M�H _  =H ` HC_R^"a�� K M��_ � � ]�_�K�_n^CHL_ ��I��_n_nK�^�� ]�I � _CM K JLK�K )�� ��H�^CMhI a J��_"� ]�c ] ` K�I�HL_3HLK

J�a! ��_=I ^�K JLK H  $aLJ�H J�a a�N` a=I K�^CM N3�_ c _ ` J�IbK H�I�HL_na=^L]�I ��Ie] ��Ib_��6H!��H JC_�I�H5^�K JLK=J�IeHC_CM�]�I a=c
c ]�I,^=a c H!�5_�K���]�_CM�H
��IbK J�H	��H"' � �V^ ��������\ � \+ �K�^ ���_CJL_CM�H�� ]$c ] ` K�IeHL_ K�^ ` MhI�aLJTM N�K�a"^�K�K x�j=<
j H ` M�H�K�^LHTpqK M _���K�c��_�' � H�]�JL_��! �_CM��_
����� �V\Q_CpCH	�A��� ������\ ��I�]��$I _��-�_��n'

4.2 � � ���
�
�

F;
 � � F�= ��*.
border � ��]�I  $a"I��_�� �5_lI ��K�^LH

����
 D�� � ��*. z�jlA�{�["A
culoare\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.

culoare
H ` M�H4a=^ ^=a0�-�_=I!JL_�I�H���]� �_CM��_4I�]"Mha=^ 2 K M
��MhI�H	�=aqK H ` �_ JL_  ,�_!� � ^CMhIeH �3N` K ��' F!c�I�H	��I�H�oLK�^CM��_4J�]� $a"c

a"^CHLK=J�a"c ]�IbK��� �a0���_ c K ` M _  �K�^4_=^LHhG"_ � ' � pq_=c ]�_�I�H;� � ^ _�� _lIb_ K�^LM�HlIep�_=c�a"c�a�K��4H�^CM N�K ]�^q_CM ��Ie]� $aLJ�H H�Ie]�_�I�HL_-E '
�!H�o�a"c M _CMha=c"K�^ ` MhI�aLJTM N�K�a"^�K�K�H ` M�H ` J	��K"� ��_�I�HL_ J�a"c ]�IbK�K3� � ^CMhIeH �$a"c�a�K"z�jlA�{�["A 'l\ a=c ]�_lIeHC_ z
jlA�{�[=A$�ha"c�a�KCH ` M�H

K"� �"c K JLK M6N` K!J�a=c ]�_lIeHC_n@�|�@�[=A��ha"c�aqK ��H�^CMhI a I+�_=^� �a=I K�c H  �K�^ �q_lIeM�HC_  "H�2�] ` _3H�JlI _=^=a"c�aqK ��pLH�oCK a"^��qK J � _�K
2�] ` @�|�@�[=A�
�'

F=GqH � �=c�a$.

z
jlA�{�[=A �

� _CJ�H ��]�I  �a"Ib_ _=c���_ ` MhI�a�� � ^CJ	�qK ` '

� _CJ	�_ �5_�K M N�K�^LH�M N�K �5K�^LM�H� �K�^ \ _���K M�]�c�a=c &�� H�JlI _=^=a"c ��Ib_ 
�JQH ` M�H � � � ���_=IeM N�K M*� � ^ �0
���� ?=8 � 8�E 
  "H
���_CMhI+�_CM N�Hlc H _3J	�_CM�H � ]�I K � �qK G�H�c K�' �!HL_��5K�^LM K"� J	�_ ` K"� ��]�c�a=I K�c Hn_ 
 N` _���K�c H ` H ��]"M M K"���_=I K ^=a0�5_�K	� � ^�a=^"a=c
 �K�^n_CJ�H ` M�H ���_CMhI��_CM N H�c H"' � ��^ 
�H�JL_lIeH  �K�^n_CJ�H ` M�HL_ ` H ��]"M _�@
_nc _Ua=^ �4]��4H�^LM  �_CM!�"a=^LJ�M�H8� � ^  "]�_�I  =]�a��_
J�a=c ]�I K�' � ^q_  �K�^QH�c H ` H ^=a0�4HlN` M�HUJ�a"c ]�_�I�HL_ � ]�^  �a"c�a�K � 5��*5 F ��

�!J�HL_=c _=c M��_Q_RJ�H�I�^LHlc K�K � ��
�E 
�' \1�_=^� 
@=A,:LB�< ` J�I K H a"^ JC_�Ib_CJ�M�H�I ��H5H�JlI _=^��
JT]�^LMha=I a=c ` �_=a4H ` M�H���]�I �5_CM  �K�^ �=a"^CJ�M�H ��
�E���K�_�IC� ]�^  �a"c ` �_=a! �K�^
�"a=^LJ�M�H 5��*5 F � '

4.3 ��� � � �
F;
 � � F�= ��*.

paper � ���_=I�M K H
����
 D�� � ��*. @�|�@�[=A

culoare` _=a7� � ^ JL_  $I a=c c�aqK @=A,:CB�< ` _=a :CB
@=Y�< ` _=a ] K�^ ` MhI aCJ�M N K�a"^CH ��Ib_ 
�J	�_ � \ _���K M�]	�
c�a=c &L8�


\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
��J	��K"� ���_7J�a"c ]�_�I�HL_-��]�^� $a"c�a�K�� � ^5J�HL_ ` ��H�JLK 
�JL_CM��_�'4\,]�� ��]�IeM _lIeHC_ ` _5]UpL] �$ =H�M _=c K�_n]� �_CM��_7J�a J�HC_

_3K�^ ` MhI�aLJTM N�K�a"^�K�K :CB�~ �=J�a JC_�I�H5H ` M�H*��]�_lIeM�H5_ ` H �7�_=^��_CM�]�_�I�H"'
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4.4 � ���
F;
 � � F�= ��*.

ink � JTH�I ^CHL_=c��_
����
 D�� � ��*. :CB�~

culoare` _=a�� � ^4JL_  �I�a"c,c�a�K�@=A,:CB�< �!:CB�@=Y�< ` _=a5] K�^ ` MhI�aLJTM N�K�a"^CH ��Ib_ 
�J	�_ � \ _��qK M�]$c�a"c,&L8 

\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
��J	��K"� ���_4J�a=c ]�_lIeHC_3J�H�I�^LH�c K�K�� � ^5J�HL_ ` ��H�JCK 

JC_CM��_�'

culoare
� _CM��_CM4c _ @�|�@�[=AQJ	�_CM5N` K c _R:CB�~ �!H ` M�HRa=^ � � ^LMhI�H �RJ�a0��IbK�^ ` �  $a0���_ Ie]=Mha"^�2 K�I�H 
�� � ^CMhIeH � N` K ��'

� c M�� Hlc ` H ��I�]� �aCJ�H HlIe]�_�I�HL_ Ev'
� _=c ]�I K�c H � � � ` a"^CMvJ�]� $a"IbK� =H J�a=c ]�I K�JC_3c _4z�jlA�{�[=A '	� _=c ]�I K�c H �nN` K�� _=a3^qK�N` M�H ` H	� ^�K 
�JL_CM N�K�K ` ��H�JCK�_=c H�.

�
� � � ^ ` HL_�� ^��_ transparenţă

'�� ^ JL_lI _CJ�M�HlI M K"���_=IbK M J�a7:LB�~�" pq_ ���_ ` MhIb_ ��H�^LMhI�a5J�H�I�^LHL_=c _ ��Ie] ��I K H
HhGl_CJTM J�H�I�^LHL_=c _3JL_lI�H ` H ���_ ` HL_ � � ^3c ]�Jla"c � � ^5JL_lIeH3_8� ] ` MvM K"���_=IbK M ��H5H�J�Ib_=^�'

�
�'� � ^ ` HL_�� ^��_ contrast

'U\ _=c J�a"c _CM�]�I�a"c,p�_�_=c H �"H���H�^LMhI�aQJL_lI _CJTM�H�IeH%� � ^Q:CB�~�� ]RJ�H�I�^LHL_=c�� _Q_=c����_
� � 
 ` _=an^LHL_ �$I+�_ � ��
 JL_lIeH ` �_4JT]�^LMhIb_ ` M�HTo�H5J	� _CM � _�K �"aLM�HlI ^�K J J�a%� ]�^  �a=c���H5JL_lI�H ` H4M K"���_=IeH ` J"'

��]�c ] ` K M�H �qH �q] ` M  "HQJT]��4H�^LoLK  "H ` K�^LH ` M��_CM��_CM�]�_�I�H�� :CB�~ N` K @�|�@�[=A ` J	��K"� ���_RJ�a=c ]�_lIeHC_ MhaLMha"I�]�I
JL_lI _CJTM�H�IeHlc ]�I JL_lI�H ` H4pC]�I M K"���_=I K� $a0���_7HhGqHTJ�aLM _lIeHC_Qc ]�I�'

��]�c ] ` K M�H8� � ^RJL_  �I�a"c c�aqK @=A,:CB
< ` _=a :CB�@"Y�<�� ` K�^CM _TGl_RH ` M�H�_ ` H	�4H�^LHL_ c�aqK <�|�z�

�,H�c HQ_=a a"^RH�� H�JTM
c ]�JL_=c&��� � ^ ` H�^ ` a=c J��_ ` J	�qK"� ���_U^"a�� _�K J�a=c ]�_=I�HL_UJL_=I _CJTM�H�IeHlc ]�I JTH ` HnM K"���_=I�H ` J ��IbK�^Z_CJ�HC_�K�^ ` MhI�aLJ�M N�K�a"^CH"'
� ^5HhGqH � �=c�a5H  �K 
�JL_CM�]�I�.


 @�|�@�[=A � �Q:CB�~��
��� @"A,:CB�< �C0 - ��/ 2 - 1"� - � � 1 .�- �
� 
 @"A,:CB�< @�|�@�[=A 
 ��� - (�)�
 1 - � � -	�q/���- �
�*� @"A,:CB�< � � 2 2 - � 1"� - � � 1 .�- �

F=GqHTJ�aLM _CM N K� "H4_ ` H	�4H�^LHC_3^qK�N` M�H6@=A,:CB�< <�|�z3J�a  �K pLHlI ` H6Jla"c ]�IbK�� �qHl^LMhI�a _ pLH  "HL_7J�a0� _���_�I ` �q_CM N�K�K�c H
��H5JL_lIeH c H6M K"���_=I�H"N` M�H4<�|�z,'

4.5 Exerciţ ii
&=' ��J�IbK H�M N�K a"^ ��I�]��$I _�� JL_lIeH ` H! "H ` H�^LHTo�Hn] �5K�I��_ J�]�c ]�I�'
�V^  �K JL_CM N�K H�. MhI�H	�"a�K H ` �_ � _CJ�H	� ]��CM  �a=^���K!pCH�I�M K JL_=c H�� 
�H�JL_lIeHn_7J	�_CM�H5?"8 '0� � E ���_CMhI _CM�H='*5�Hl^LMhI�a _
M K"���_=IbK�H Gl_CJ�M 8"8! =H  �a=^���K�]�I K oT]�^LM _=c H��"MhI�H	�"a�K H ` �_ HhG�H�J�aLM�� _�� a"^ ciclu

 =H68=8! "H ]�I K�'�� ]�� � ]�c ] ` K
]npq_lI K�_���K�c��_4JC_�I�H�� N` K ` J��qK"� ���_ pq_=c ]�_�I�HL_ c _ 
�H�JL_lI�H MhI�H�J�H�I�H ��I K�^3JLK J�c�a�' \ K J�c�a=c ` H4pq_0� � ^CJ	�LHCK�_ ��I K�^
K�^ ` MhI�aLJTM N�K�a"^CHL_Ux�j"<�j * -�� 2 - � 2�� - ' � a0���_n8"8  "HnMhI�H�J�HlI K�� JLK J�c�a=c MhI�H	�=aqK H ` �_ ` H ` �q_lI �,�_ �

Notă
.

` ]�c�aCM N�K�_ H K�^ �"H�^�K ]�_ ` �_��	 �_lI
H4a=^ HhG�H	� �"c�a4M K"�qK J  "H���]�c ] ` K�IeH4^CH�]�I�M�]  =]CG$�_ _ c�aqK=x�j"<�j!'�� K�^ ���_CJL_CM�H��
���_=^��_Z^"a �q_lIeJ�a=I �=H	� N` K JL_���K M�]�c�a"c a"I �7�_CM�]�I �,Jla :	��
=<0��[=B � ^"a �"aCM�H	� I�H�o�]$c pq_ _=c M�� H�c _CJ�HL_ ` M��_
��Ie] �"c H	�5_�/  =H�J	�_CM ��]�_CM�H ` J�IbK�K�^� R8"8  "Hnc K�^�K�K
K  =H�^LM K J�H='�'L' 
T'

8$' ��J�IbK H�M N�K$a"^ ��I�]��$I _�� JL_lIeH J�H�I�H6JT]�]�I  "]$^q_CM�H�c HnN` K�J�a"c ]�_�I�HL_ a"^=aqK����_CMhI��_CM N�H�c���H4JL_�I�H6_���]�K � � c�J�]$c ]�IeH��
_CoL_�'
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Chapter 5

Curăţ enie ş i variaţ ie

�
k"9�; ��H�^CMhI a _nN` M�H�I �=H5H�J�Ib_=^"a=c&<

�
k"9�[�|=A���H�^LMhI�a _4H�c K"��H�Ib_��4H	�6]�IbK�_�<

�
B
[�����H�^CMhI a _7] c�a�_  =Hnc _�� � ^CJ�H	�=aLM
<

�
: � 
 <���[=B��qHl^LMhI�a _=c M�HlI ^�_CM K pLH"'

5.1 � � �
F;
 � � F�= ��*.

CLear Screen � J�a"I��_CM N �_4H�J�Ib_=^"a=c
����
 D�� � ��*. k=9�;
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� N M�H�I �"HdH�JlI _=^=a"c&�5_  �aCJ	�_=^  M�]�_CM�H �"a=^LJ�M�Hlc H c _dJla"c ]�_lI�HL_ 5��*5 F � J�a=IeHl^LM��_�' ��
�EC�fa=c  �K�^ M�]�_CM�H

���_CMhI+�_CM N�Hlc H�c H5H ` M�H J�Hlc 
�G"_CM �  =H"N` K!M�]�_CM�H5J�]$^LM N�K�^ ` ��_CM N�K�K��
_CJ�H ` M4c�aLJ�I�anH ` M�HnK"� �q]�I�M _=^LM ��H�^LMhI�a H�pCH�^CMhaq_=c H
M K"���_=I K�IbK J�a :CB�~�" 
T' � N M�H�I �=H�I�HL_dH�JlI _=^=a"c�aqK K"� �=c K J	�_ � aCM _�I�HL_

cursorului de tipărire
/ J�Hlc JL_�I�H

K�^� �K J	�_Za"^  "H ` Hnpq_ M K"���_=I K a"I �7�_CM�]�I a=c�JL_�Ib_CJ�M�H�I 
nN` K Jla"I ` ]�I�a"c�aqK��$I _ 
�J �  �K ` J�aCM��_�� � � ^R\ _��qK M�]$c�a"c &C8 
7c _
J�]�]�I  "]�^�_CM�H�c H �,� �$'
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5.2 � �
�
���

F;
 � � F�= ��*.
to clear � _7J�a"I��_CM N _

����
 D�� � ��*. k=9�[�|=A 2 ramtop 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

5
_lI _��4H�MhI�a"c
ramtop

H ` M�H ]5_  �I�H ` �_  =H!�6H �6]�IbK H �  �K ` J�aCM��_��B� � ^ \ _���K M�]�c�a=c�&�s 
vN` K���JL_4_CM _lIeH���MhIeH �"aqK H
` �_ 
�H3J�a0��IbK�^ ` � � ^LMhI�H �QN` K 
ls"s�?�s
' � _CJ	�_Uc K"� ` H"N` M�H��,p�_=c ]�_lI�HL_ ` _3H ` M�H3J�]�^ ` K  =H�I _CM��_ _ 
 �$' � _CJ	�_  $a0���_
I�]"Mha"^�2 K�I�Hn^"a ` H5_�@;�_�� � ^LMhI�H5_CJ�H ` M�H c K"� K M�H���pCH�M N�K$]��CM N�K�^LH5H�I�]�_lI�HL_ � '

k=9�[�|=A _lIeHQ] ` a0�4H  "Hl^qK H� =HQH�� H�JTM�H�� JC_�I�H-� � ^ �"Hl^LH�Ib_=c J�a"I��_CM N��_RM�]"M%� H�c�a=c  =H K�^
��]�I �5_CM NbK�K  "H ��I K�^
�4H	�6]�IbK H"' � ^"a��6H�.

�
� _CJ�H3\ � �C<

�
N` M�H�I �"H4M�]�_CM�H4p�_�IbK�_��qK�c Hlc H � JL_UN` K
A�Y�B 
�<

�
� _CJ�H A�[
;=<�jlA�[�� � pC]�� pCH  "HL_8� � ^ \ _���K M�]�c�a"c,&�E 

<

�
N` M�H�I �"H ` M K p�_ � ���;� ��� pC]�� pCH  "HC_8� � ^n\ _��qK M�]$c�a"c
&Ts�
�'

\1�_=^� )��_�Ib_��4H�MhI a=c c�aqK k=9�[�|"A HhG"K ` M��_ N` K H ` M�H  �K � H�IbK M  "H ��� k=9�[�|=A��5_�K � _CJTHQJ�H�p�_�. ` M _���K�c H"N` M�H
_  �I�H ` _ � _TG"K"�-�_  =H �4H	�6]�IbK H ���_=^��_ c _ JL_�I�H!��]�_CM�H4_�2ha"^ �"H ��Ie] ��Ib_�� a=c ����� �V\ �$c _ p�_=c ]�_lI�HL_ ` ��H�JLK 
�JL_CM��_
�
ramtop


�' � �V^ �4]� d^L]�I �5_=c HL_RH ` M�HQ_���Ie]�_��qH  "HRpq_=c ]�_�I�HL_ �5_TG"K"�7�_ � 
ls�?�
0� 
T'9� M K�c K M _CM�HL_ _CJ�H ` M�HCK
K�^ ` MhI aCJ�M N�K�a=^qK ` H pLH  =H4J	�_=^  _CpLH	� ^LH�pC]�K H! =H �4H	�4]�I K H ��H�^LMhI�a ` J�]��=a"IbK� �K � H�IbK M�H! "H6_=c H ��� ����\��fa=c�aqK�/
 "H7HhGqH � �=c�a �qHl^LMhI�a ��I�]��$I _��4H4J�]� �� _�N` K�^��_��"JL_lI�H ` H �"a=^*� � ^ �4H	�4]�I K H  "HL_ ` a0��Ib_n_CJ�H ` M�HCK,_  �I�H ` H"'

k=9�[�|=A�� _�KlH ` M�H8� ]$c ] ` K M��_ � � ^�_�K�^LM�H  =H5_ salva
��Ie] ��Ib_��6H�c H!��H �q_=^  ��_ ` _=a! �K ` J�� ��H�^LMhI�a J	�_1� � ^ �4]� 

^L]�I �5_=c ` H ` _=c pCHL_Co	�_6N` Klpq_lI K�_���K�c H�c H"' � _CJ	�_ c H6N` M�H�I �"H �A� ��Ie] ��Ib_�� a=c	��]�_CM�H ]�J�a0��_ ` a�� ` M _=^LM N�K�_=c�� _�K��=aLM N K�^
c ]�J"'
� _CJ	�_ ` H�� � ^CJ�HL_lIeJ��_ J�]���]�I��_=I�HL_ ramtop ` a��dc K"� K M _ �5_TGlK"�-�_  =H+2 _ _CM K�^ ` �_  "H ����� �V\ � ` HU]��LM N K�^CH

H�I�]�_lIeHC_ 4 '
� _CJ	�_ ��Ie] ��Ib_�� a=c���������\ J�I�HlN` M�H ��I�HL_ � a=c M � ��IbK�^dc�a"^ ��K"�4HL_ ` _�� ��IbK�^ p�_�IbK�_��qK�c H�c H � ]$c ] ` K M�H�� ` _=a

 �_CM�]�IbK M��_ J�]���]�I��_=IbK�K � �*4'D��%5,�fa=c�aqK 

��pCH�M N K �=aLM�HL_0� � ^CM��_=c�^qK a"I �7�_CM�]�_lIeH�c H H�I�]�I K�.

�
H�Ie]�_�I�HL_3E��
J��_=^� R_CJ�M N�K�a=^LHL_8� � ^ J�a=I `  =H HhG�H�J�aCM N K Hn^"a ` H �q]�_CM�H�� � ^��#�_��CMhaqK �  "H �qK�c  ��_5JlIeHL_lI�HL_ a"^LHCK
pq_lI K�_���K�c H 

<

�
H�Ie]�_�I�HL_ � ��J	�_=^� Qc K�^�K�_5M _ ` M _CM��_7^"a � _�K$_�I�H3c ]�J!� � ^ ��I�]��$I _���<

�
��I K�^R^LHC_CJ�J�H	�CM _�I�HL_ a"^LHCK c K�^�K�K,J�]�I�H�J�M�HRc _U_����_ ` _lIeHL_3M _ ` M�HLK \ � � c _ _����_ ` _lIeHC_Uc�aqK \ � ]Qc K�^qK H
� � N` K �-�_=I�H"N` M�H  "H5] �qK J�HCK c�a"^���K"�6HC_4J�a  �K � H�IbK M�H5JL_=Ib_CJ�M�H�I�H  =H5J�]$^LMhI�]�c�/ pLH�oCK N` K
_=^CHhGl_ � 
�'

\ a _CJ�H ` M�H a"c M K"�4H6?3H�I�]�I K ` � _lI �"aCM�HL_ ` �_5^=a p��_!� � ^CM��_=c�^�K M NbK ^qK JLK ]� �_CM��_�� ��H�^LMhI�anJ	�_ ` H ��I�]� �aLJ ^"a0�5_�K
� � ^ J�]�^  �K M N K�K=J�I K M K JTH�� �qH4JL_lI�H ^=a5H ��I�]���_��qK�c ` �_7c H5_CM K�^��=H�M N�K � ` a"^CM!��Ie]� �a ` H3^"a�� _�K� =H ��Ie] ��Ib_��6H7c�a"^���K 
�'

5.3 � ���

F;
 � � F�= ��*.
new � ^C]�a

����
 D�� � ��*. B�[��
\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
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B�[0� H ` M�Hn]QK�^ ` MhI aCJ�M N�K�a=^LH �"aLM�HlI ^�K J  �K ` MhI aCJ�M K p��_�� �qHnJC_�I�Hn]RpLH�M N�K�� ]$c ] ` K ^"a0�5_�K,J��_=^� pLH�M N�K  =]�I K ` �_
` JlI K H�M N�K!a"^n^C]�a ��I�]��$I _�� ��������\ ' F�_nN` M�H�I �=H4M�]�_CM��_ �6H �6]�IbK�_ ���_=^��_ c _ A�| ��<�j=@'/ ��I�]��$I _��3a"c ��� ����\
N` K M�]"M3J�HRM N K�^LH� =H�Hlc&� �=c�a ` H�JlI _=^=a"cV' \ a=c ]�I K�c H ` a=^LMn_  �a ` Hdc _ ` M _�I�HL_ K�^qK M N K�_=c��_ � @�|�@�["A
� � :LB�~�� �z�jlA�{�[=A�� 
�' \ _=c J�a=c _CM�]�I a=c �q_lIeHUJL_ ^L]$a$�  �_�I _CM�H�^CM N�K H$��� JTH�HL_RJ�H ` H ���_ ` H"N` M�H8� � ^ �6H	�4]�IbK H  =HL_ ` a���I _
A�|���<�j=@��fa=c�aqK!I��_��-�_=^CH4^LH ` J	�qK"� �q_CM �

5.4 ����� ���
�
�

F;
 � � F�= ��*.
if �  �_CJ	�_��

then � _CMha"^LJCK
����
 D�� � ��*. :	�

condiţie
<���["B

instrucţiuni\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

5 �_=^��_ _CJ�a0� _��+ �K ` J�aLM _CM  =]�_lI  "H ` ��IeH4]���H�Ib_CM N�K�K�_�IbK M �4H�M K J�H"' \ a6_CJ�HC_ ` M��_4K�^ ` MhI�aLJ�M N K�a"^LH4pC]�� pLH  "HL_
� � ^3J�H �6]� ��=aLM�H	� � ]$c ] ` K!]R_=c M��_7JL_CM�H �=]�I K H  "H3]���H�Ib_CM N�K�a=^qK�� ��HnJL_lIeHUc H �"aLM�H � ^=a0�5K

logice
' � ]���K JC_

_��q_lI�H!��I K�^ ��_�Ib_��4H�MhI a=cqK�^ ` MhI�aLJ�M N K�a"^qK�K$:	��
 <��
[=B ��H JL_lIeH4c � _�� ^=a0�5K M condiţie
' � JTH ` M _ H ` M�H  =H�� _��LM

] H G ��I�H ` K H3JL_lIeH ��]�_CM�H 
 K�^LM�H�I ��IeHTM _CM��_nJC_ 
$K�^  adevărată ` _=a falsă
' � �V^n_=c M�Hnc K"� �q_�2�H7HhGlK ` M��_7J	�qK�_lI

a"^3M K"�  "H! �_CM�H���J�a�� � � ^ ��������\ ` a=^LM � � ^LMhI�H ��K�K N` K N` K�I�a"IbK�c H! "H5JL_lIb_CJ�M�H�I�H��!JL_�I�H ` H3^"a��6H"N` M�H boolean
N` K

_=c H J	�_=I a�K�p�_=c ]�I K ` a=^LM  "]�_�I  "]$a��_�.
adevărat

N` K fals
' ��������\��ha"c�^"a5_�I�H4a"^4_ ` M�� H�c	 =H M K"�$�� �_lI�� ]$c ] ` H"N` M�H

M K"�"a=c,^"a��6H�IbK J ��H�^LMhI�anpq_=c ]�IbK� =H5_  "H�p��_=I�' \,]�I�H ` ��]�^  "H�^CM N�_7H ` M�H a"I �7�_CM�]�_lIeHL_�.

Valorile de adevăr
fals

�

adevărat
]�IbK J�H3^"a��7�_=I  �K � H�IbK M  "H � � � � ^ �q_lIeM K J�a=c _�I N` K & 


� J�a�� �"aCM�H	� pCH  "HL_3Jla0�>c�aCJ�IeHC_Co	�_ :	��
 <���[=B .

&=';� � ^LM��_�K
H�pq_=c�aCHL_Co	�_5HhG���I�H ` K�_  �K�^LMhI�Hn:	� N` K
<0��[=B JL_lIeH7MhIeH	�=aqK H ` �_ �"H�^CH�I�H�o�HUa"^nI�H�o�a"c M _CM4^=a0�4H�IbK J�<
8$'  �_CJ	�_4I�H�o�a"c M _CMha=c�H ` M�H adevărat

�  �K � H�IbK M  =H � 
��"_CMha"^CJLK ` H HhG�H�J�aCM��_4K�^ ` MhI aCJ�M N�K�a=^qK�c H  "H  $a0���_ <��
[=B
� ^L]=M _CM�H4J�a

instrucţiuni
� � ^! "H ` J�IbK H�IeHC_ ` K�^CM _TGqHCK 

<

?$'  �_CJ	�_3IeHTo�a"c M _CMha=c
H ` M�H fals
� ` H4MhIeHTJ�Hnc _ c K�^qK�_ a"I �7�_CM�]�_lIeH"'

���_ pLH  =H	�>^�KeN` M�H5HhG�H	� �"c H�.


 :CB�@"Y�< -
��� :	� - <0��[=B @=A,:CB
< � -=/ 2 /�-	��/
-=/ ("1=* - �,2 �
1 � 2 / �
1 � � � x�j=<�j 

� 
 @=A,:LB�< � -=/ 2 /�-	�q/�-=/ � �

5 Ie] ��Ib_�� a=c�_=^LM�H�IbK ]�I ` H5pq_ ]���IbK,c _ ��I K"�5_5K�^CMhIe]� �aCJ�H�I�H _na=^"a�K!o�H�I�]
'
\,]�^� �K M N�K�K�c H

logice
�qH JL_lIeH3c H���]�c ] ` H"N` M�H7:	� 
=<���[=B ` H �q]=M HhG���I K"�5_8� ]�_�I�M�H6_  =H ` HC_ ��IbK�^6JT]�� �q_=Ib_CM N�K�K

� H�c�a=I K M�H=' F=G"K ` M��_ ^qK�N` M�H ` H	� ^CH4JL_�I�H ��H�I � K M J�] � ��_�Ib_�I�HL_3_! "]$a��_5p�_=c ]�I K ^"a0�4H�IbK J�H"' ��_CM��_��hc H�.
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Comparaţii& M�H ` M�HL_Co	�_5H ��_=c K M _CM�HL_  �K�^LMhI�H5p�_=c ]�I K�c H!� � ^CMhIeH5JC_�I�H4H ` M�H �=c _ ` _CM I��_ ` �"a"^  "Hn_  "H�p��_=Ib_CM �h& 
  �_CJ	�_U^"a0�-�_=I�a"c�JL_lIeH8� � c ��I�H�J�H  =H H ` M�H �5_�K �5_lIeH! "HTJ	�_CM J�H�c�JL_lIeH
� � c�a"I �6HC_Co	�_� �5_�K �5K J �& �5_�K �5_�I�H ` _=a5H ��_=c��& �5_�K �5K J ` _=a5H ��_=c��  �K � H�IbK M

���_ pLH  =H	�>a=^ _=c M HhGqH � �=c�a'� ]�_�I�M�H6K�^ ` MhI�aLJ�M K p�.


 9�[�< 
 - ' &�"
��� 9�[�< 2 &��
��� @=A,:CB
< 2 � 2 + �# � :	� 2 ��& 
 - ' <0��[=B 9�[�< 2 & 2 ��� � x�j=<
j �*�

� J�H ` M _ H ` M�H a"^ ��Ie] ��Ib_�� � ]�_lIeM�H ` K"� �=c�a JL_lIeH _ 
 N` HL_Co	�_%���_CMhIb_CM�H�c H ^"a��6H�I�H�c ]�I  "H c _ & c _)�$'
45]� �K 

J��_=^� Rp�_=c ]�_lIeHC_nc�a�K	
 - ' ` H ��]�_CM�H3]��CM N�K�^LH5] _=c M��_nc K"�5K M��_ ` a0��H�IbK ]�_lI+�_�''45H�JC_=^qK ` �3a"c�H ` M�H ` K"� �=c�a
N` K$� a"^  �_��4H�^LM _=c&. 24J�IeH"N` M�H�� � ^CMhI&�ha"^�_ ���_=^��_ J	�_=^  nJ�]�^  �K M N�K�_ 2 ��&�
 - '  =H�pqK�^CH�� _=c ` �_���_  �K J	�_n2 � � c0 "H ���_�N` H"N` M�H
��H 
 - ' ' � c M�� Hlc�H ` M�H4M K"���_=IbK M��_ ] ^C]�a��_5p�_=c ]�_lI�H"'
�!H�c _CM N�K�K�c H  "H3K�^LH ��_=c K M _CM�H ��H5JL_lIeHnc H � _�� Hl^"a0�4H�Ib_CM ` H ��]"M HhG�M K�^� =H�N` K,c _  �_CM�H  "H3M K"� N` K�I�' � ��K�_�� � ^

\ _��qK M�]$c�a"c,&�E3pL] � ` �"a=^LH5J�H0� � ^ ` HL_��3^��_ J	�_3a"^�N` K�I H ` M�H � ���5_�K � K J
)  "HTJ	�_CM _=c Mha"cV'85 �_=^��_6_CMha=^LJLK �=aLM�H	�
 "H 
 ^�K  "]$a��_ I�H�c _CM N�K�K
_=c�J	�_=Ie]�I ` Hl^ ` H ` M�H5H�p�K  "H�^CM
� N` K
_=^=a0�4H�.

& ��H�^CMhI anH ��_=c K M _CM�HL_3_! "]$a��_UN` K�I�a"IbK�<�� ��H�^CMhI aR^CH�� H ��_=c K M _CM�HL_3_  =]�a��_nN` K�I a=I K�'
� ]�a��_RN` K�I�a"IbK ` a"^CM H ��_=c H  �_CJ	�_RN` K ^"a0�5_�K  �_CJ��_ _=an_CJ�H�c HL_�N` K JL_�Ib_CJ�M�H�I�H  �K ` �"a ` H�� � ^n_CJ�H�HL_�N` K,]�I  �K�^CH"'� c M�� Hlc ` a=^LM  �K ��H�I K M�H=' F=G�H	� �=c�a � � Ib_ ���4H�^CM  =H ��I�]��$I _�� 

.

�����*� :LB�@=Y�< � � �=) - 
��
1�� - ( -��
-=/ ' � � - � . ) � ��� - �������� : � - �)&�� . )��d<���[=B ;=<
j=@
�����*� : � - �"�� 
� � - � <0��[=B x�j=<�j ���*���
��� # � A�Y�B

���_ I�H�M N�K�^CH	�A. ] �qHlI _CM N K�K�c H  "H3J�]�� �q_lIb_�I�H � &! "�� �&���& �� 
  �_=anJL_UI�H�o�a=c M _CM5a"^R^=a0�-�_=I���JL_lIeH
H ` M�H & ��H�^CMhI a _  =H�p��_=I _CM4N` K � �qHl^LMhI�a7��_=c ` '
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5.5 Exerciţ iu rezolvat
� H ` H�^q_CM N K�] ` �qK�Ib_=c��_�'

Rezolvare� ��^LM��_�K ` �_ pLH  =H	� J�a�� ` � _lI MhIb_ ` _7]Rc K�^qK H4]�IbK o�]�^CM _=c��_!� � ^CMhIeH ' �3N` K�'���.

�����*� 9�[�<+(�&������R9�[�<+'�� & # � 9�[�<�'���&����
������� 9�[�<+'�&�'��
�����*� @"A,:CB�< |�<+( � ' � @�|�@�["A������!���� # � 9�[�<+'�&�'���� �Q:	��'��0& '�� <���["B x
j=<�j �������
� _CJ	�_n_CM N K�� � ^CM N�H�c H ` � ��Ie] �q_��qK�c,J	�_ �"aCM�H�M N�K MhI _ ` _�N` K c K�^�K�K,pCH�I�M K JL_=c H"' 5 Ie] ��Ib_�� a=c,^L] ` MhI a  =H ` �qK�Ib_=c��_3p�_

_CpCHL_ �q_CMhI�a �"aCJ�c H4JL_4J�HC_  =H �5_�K ` a ` � �qHl^LMhI�a _ MhI _ ` _4J�H�c H ��_CMhI a ��Ib_CM N H6_=c H ` �qK�Ib_=c HLK�' � a0���_ ] MhI�H�J�H�I�H
��IbK�^5J�H�c H ��_CMhI a �=aLJ�c H ` H p�_nI�H�c�a�_5M�]=Mha"c0 =H c _ ��I K"�5_! �K�^CMhIeH7H�c H���J�aUc K"� K M�H�c H ` J	�qK"� �q_CM�H='���_CM��_ � c K�^qK�K�c H
�"]�_=c HnJ�]�^CM N�K�^� �a����_UH�M K J��LH�M��_RJ	�_CM�H a"^ �"c _=^CJ N` K ` a"^CM �"a ` H ��H�^LMhI�a _�� _CJ�H ��Ie] ��Ib_�� a=c �5_�K a�N` ]�I  "H
JLK M K M 
�.

� @�|�@�[=A�� ��k=9
; ��@�|�@�["A
�

 9�[�< '�� &��$��9�[�<+(�� &
� �U9�[�<+'��%& # ���U9�[�<+(��%&����
��� 9�[�< '+& ' � ��9�[�<+(+& (��
���
� 
 @"A,:CB�< |�<+( � ' ���!��*� : � '��%'�� <��
[=B 9�[�<+' &�' � � � x�j=<�j � 

� 
 9�[�< (�� &+(������
�*�
# � @"A,:CB�< |�<+( � ' ���!�#*
 : � (��%(�� <��
[=B 9�[�<+( &�( � � � x�j=<�j # �
& � 9�[�< '��)&+'���
 �
& �
& 
 @"A,:CB�< |�<+( � ' ���!�
 � : � '� %'�� <��
[=B 9�[�<+' &�' 
 � � x�j=<�j &�


*
 9�[�< (��)&+(���
 �

 �� � @"A,:CB�< |�<+( � ' ���!��*
 : � (� %(�� <��
[=B 9�[�<+( &�( 
 � ��x�j"<�j � �
�*� 9�[�< '�� &+'������
�*�
"*� : � (��" �&+(������ <���[=B x�j"<�j � 


5.6 Exerciţ ii
&=' ���_ ` H ` JlI K HRa=^ ��I�]��$I _�� � ]$c ] ` K�^� QK�^ ` MhI aCJ�M N K�a"^qK�c HnJla"^L] ` J�aCM�H�� JL_lIeH ` �_-��_CJ	�_ ` a0�5_ _ 
 ��
 ` H
J�H�I�H ��I K�^ ��Ie] ��Ib_�� 
 ^"a��6HlIeH5JTH�I aCM�H  "H c _naCM K�c K oL_CM�]�I N` K ` �_ ] _ 
 N` H�o�H"'

8$' ��J�IbK H�M N�K a"^ ��Ie] ��Ib_��>JL_�I�H���H�^LMhI�a 
 ^=a0�4H�I�H � JL_ �5_�K ` a ` 
4JTH�I aCM�H J�a :CB�@"Y�<;�,_ 
 N` HL_Co	�_nJ	� _CM�H
 �K�^5H�c H ` a"^CM4^"a"c H���J	�_CM�H�� ` ��]=oLK M K pLHnN` K�J	�_CM�H3^LH ��_CM K pLH"'
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Chapter 6

Matematici din plin

� ^5JL_��qK M�]$c���]���_CM � � ^ K�^ ` MhI�aLJ�M N K�a=^qK N` K$HhGqHlIeJLK M N�K�K��� �_�I ` J�a"I�M � � ^�� � ^LM K�^  "H�I�H"'�4na=c M�H�� a=^LJ�M N K�K�'

�
A
[�����H�^CMhI anJ�] �6H�^CM _�I�HL_ ��Ie] ��Ib_��6Hlc ]�I <

�
@�|=Y
;=[���H�^LMhI�a _�� � ^CJ�H�M K�^qK IbK M �3a"c&<

�
|�z�; ��H�^CMhI a��4]  $a"c&<

�
:LB�<nJL_ �q_lI�M�H�� � ^CMhIeHL_ �,�_�<

�
; �lA JL_ Ib_  �K JL_=c&<

�
;"x=B���H�^CMhI a ` H � ^�<

�
[ ��@���H�^CMhI anHhG���]�^LHl^LM N K�_=c H�<

�
9"B���H�^CMhI aRc ] ��_lI K M �5K�'

6.1 � ���

F;
 � � F�= ��*.
REMark � ] � ` HlIep�_CM N�K H

����
 D�� � ��*. A�[���_�� ` ]$c�aLM ]�I K J�H
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
A�[ �RH ` M�Hn]�K�^ ` MhI�aLJ�M N K�a"^CHnJL_lIeHR'L'T'3^"a-� _CJ�HU^qK"�5K J$� � JTHL_ ` M _Z^
��]�� _CJ�H��5_�K��"aLM N�K�^RaLM K�c��_��UF�_n_lIeH

a"^ ` K�^��$a"I ` J�] �$.���H�^CMhI ad_ � _CJ�H � _�K K�^LM�H�c K ��K"�qK�c c K ` M K�^ ��a"c a"^"a�K ��I�]���Ib_������ � ^ZK�^CM�H�I K ]�I�a"c ` �_=a ` H ��]"M
K�^ ` H�Ib_ comentarii

' � a����_7A
[�� �q]�_CM�Hna"I �5_5]�IbK J�H ` aqK M��_  "H ` K"� �q]$c�a"IbK���J	��K�_�I N` K!JT]��4H�^LoLK�'�D,]=MvJ�HTHL_
J�H7a"I �6HL_Co��_!���_=^��_ c _ ` �#�_=I N` K Mha"c=c K�^qK HLK=H ` M�H6K ��^C]�I _CM�' �!H�J�] � _=^  ��_�� aLM K�c K oC_�I�HL_4HLK�K�^CM�H�^ ` �_�'�� ^ HhG�H	� �=c�a$.


 :	� � & - <���["B x
j=<�j 
�
 �UA�[ ��� - 
�
 / 1 �q/�- 
 � 1�
 . 1���1
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6.2 ���
�
�
�

F;
 � � F�= ��*.
pause � �q_=aCo	�_����
 D�� � ��*. @�|=Y
;=[

timp\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

timp
H ` M�H3a=^ ^"a��7�_=I�� � ^LMhI�H �?� � � ^LMhI�H � N` K�
ls"s�?�s
' � _CJ	�_! �a����_ I�]"Mha"^�2 K�I�Hn^"a �qK J	�_�� � ^ _CJTH ` M K�^LM�H�I�p�_=c&�

p�_ ` a"I�pLH�^�K!H�I�]�_lIeHL_ � '
� N` _3Jla0�>_�Ib_CM��_RN` K ^"a0�4H�c H3HLK��,@�|=Y
;"[UM K"� �3pq_%��_CJ�H ] ��_=aLo	� _  "H

timp
'ls � ` H�J�a"^  "H%� � ^ H GqH�JlaLM N K�_

��I�]���Ib_��3a"c�aqK�' @�|=Y$;=[!������� � ^ ` HL_��3^��_5E ` H�Jla"^� =H"' � HUI�H�M N�K�^=aLM M�]"Mha�N` K J	�_��  �_CJ	�_�� � ^ M K"� �"a"c ��_=aLo�HCK ` H
_��q_ ` �_7] M _ ` M��_��
_�N` M�H	�LM _lI�HL_nH ` M�H _���_=^� =]�^q_CM��_ ��I K�^nMhI�H�J�H�I�HL_ c _nK�^ ` MhI aCJ�M N K�a"^CHL_Ra=I �-�_CM�]�_�I�H"' @�|"Y
;=[��
_lIeH3a"^3H�� H�JTM ` ��H�JLK�_=c&. _�N` M�HL_��CM��_3_����_ ` _�I�HL_3a=^LHLK!M _ ` M�H �  �_lI ^"a \ � ` _=a � � ` K�^��$a"I�H 
�'

@�|"Y
;=[  "H8� _��CM ^=a0�-�_=I��_
ı̂ntreruperile

��H5JL_lI�H c H8� _CJTH a=^ J�HC_ ` K�^LM�H�I�^�' \,HL_ ` a=c"H ` M�H ` K�^CJ�Ie]$^qK oL_CM
N` K$J�a5JLK�I�J�a�K M�H�c H JC_�I�H�� ]�I �6HC_Co	�_4K"�5_ ��K�^LHC_ ��H5H�J�Ib_=^�' � K�^ JL_=aCoL_ _CJTHL_ ` M _���� ]�c ] ` K�^� ` H�J�pCH�^LM N _�.


 @�|=Y
;"[ � �Rz
jlA�{�[=A � �Rz�j�A�{�[=A & �Rz�jlA�{�[=A � � x�j"<�j 

pCH�M N�K�] �LM N K�^LH ��H5z�j�A�{�[=AQ^qK�N` M�H  �a=^���K ` M _CM NbK ]$^q_lIeH='*5�Hl^LMhI�a _0� � ^LM N�H�c H �=H5M�]"M J�H ` H�� � ^LM��_�� �=c��_ _�I�
 ^LH�pC]�K H
 "H7J�H�p�_ � _�K �3a"c M�H4J�a"^C]
N` M K�^LM N�H  "H ` ��IeH�� a"^LJTM N�K ]�^�_�I�HL_7M�H�c H�p�K o�]�I�a"c�aqK�' � �-�_=^��_�� ] H G �=c K JL_CM N�K H"'

6.3 � � �
F;
 � � F�= ��*.

ABSolute value � p�_=c ]�_lI�H _�� ` ]$c�aLM��_
����
 D�� � ��*. |�z�;

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
|�z
;3H ` M�H4]'� a"^LJTM N�K H JC_�I�H�� � ^LM�]�_�I�J�H valoarea absolută

�
modulul


 _�I ��a��6H�^CMha"c�a�K ` �_=a expresie
'

5 I K ]�IbK M _CM�HL_! =H5H�p�_=c�aq_lIeH7H ` M�H �5_�K �5_�I�H JC_ _7HhG���IeH ` K�K�c ]�I _lIbK M �6H�M K JTH�.

|�z�;+
 
 
�"	� & & |�z
; � 
 
 � 
�"	� & & 
 
 # �)& 
*���|�z�; � 
 
 
�"
� & � & |�z�; � 
 # � � & # �
� J�HL_ ` M��_4] � ` H�Iep�_CM N�K H7H ` M�H4p�_=c _��qK�c��_ �qHl^LMhI�a M�]�_CM�H8� a"^CJ�M N�K�K�c H"'

6.4 � � �
F;
 � � F�= ��*.

INTeger � � � ^LMhI�H �
����
 D�� � ��*. :CB�<

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
:CB
<7H ` M�H0� a"^CJ�M N�K�_

parte ı̂ntreagă
�=_  �K J	�_1� � ^CM�]�_lIeJTH J�H�c�� _�K � _lI�H ^=a0�-�_=I	� � ^CMhIeH � �5_�K��5K J ` _=a H ��_=c

J�an_�I ��a��6H�^CMha"c ` �_=a$� expresie
'

:CB�< # � � & & # :CB
< 
 & 
 :LB�<�
 
 &�
 
 :CB�<�
 # ��� & &�
 &
5�H�^CMhI an_

rotunji
^"a0�-�_=I�a"c�� ` H5JL_=c Jla"c HL_Co	�_n:CB�< � ����� � 
 � '
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6.5 ��� �
F;
 � � F�= ��*.

SQuare Root � I+�_  ��_CJCK�^��_ ���_CMhIb_CM��_
����
 D�� � ��*. ;��lA

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

5�H�^CMhI a
expresie

^LH ��_CM K p��_ a"I �6HC_Co	�_ �6H ` _�2ha=c�� ' ;��lA JL_=c Jla"c HL_Co	�_ I��_  ��_CJLK�^q_ ���_CMhI _CM��_  �K�^Q_�I ��a��
�4H�^LMha=c ` �_=a$��_  �K J	�_ expresie

+ � � �*� � '

6.6 � � �
F;
 � � F�= ��*.

SiGN � ` H � ^
����
 D�� � ��*. ;=x=B

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
;=x"B H ` M�H funcţia semn

'vF�_0� � ^CM�]�_lIeJ�H�.

;"x=B������	�
���
�������������������� �����	�
���
���"�!�� �������� �����	�
���
���)&������������ �����	�
���
���" !�
6.7

� � �
F;
 � � F�= ��*.

EXPonential � HhG���]�^CH�^LM N K�_=c��_
����
 D�� � ��*. [���@

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
[���@

expresie
� � ^CM�]�_lIeJ�H e

+
expresie

� � _  �K J	�_
funţia exponenţială

a=^� "H
e
H ` M�H ^=a0�-�_=I�a"c c�a�K

F!a"c HlI � ^"aQ]dp�_lI K�_���K�c��_�' � _=c ]�_lI�HL_ c�aqK _���Ie]CG"K"� _CM K p��_UH ` M�H e
+ � � [���@�� � 8�'��$&��"8���& ��'�� J�HL_ ` M _

� a=^LJ�M N K H _lI�H ^=a0�4H�I�]�_ ` H3_��"c K JL_CM N K�K � _CM�H � _CM K J�H=' � ��^ _CJ�H ` M!� _=^=aq_=c�^�� ]npCH�M N K � _�K � � ^LM��_=c�^qK$^qK JCK ]  �_CM��_�'

6.8 ���
F;
 � � F�= ��*.

Logarithm of Neper � c ] ��_lI K M � ^LH	��H�IbK�_=^ � ^q_CMha"Ib_=c 

����
 D�� � ��*. 9=B

expresie\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

5�H�^CMhI a
expresie

^LH ��_CM K p��_-/DH�I�]�_lIeH � '!9=B
expresie

� � ^CM�]�_lIeJTH logaritmul natural
_=c
p�_=c ]�I K�K

expresie
� _  �K J	�_ �=aLM�H�I�HL_ c _3JC_�I�H MhI�H	�=aqK HRIbK  �K JL_CM

e
� � [���@�� 
 ��H�^CMhI a�_ ]��CM N�K�^LH

expresie
' � _CJ	�_

p=IeH�M N�K,c ] ��_lI K M �5K�� � ^ �q_CoL_7]�_lI�H�JL_lIeH"!%��� ]�c ] ` K M N K!I�H ��a=c _ .

#%$�&�' �(� #*) �#*),+
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\ a J�H�c H�
�� a"^LJTM N�K�K  "H � _�K ` a ` �=aLM�H	�  "H+2 _ ` �_%� _CJ�H	�>] �3a"c M NbK"�4H  =HQc�aLJlI a=I K ^C]�K�' � ]��>K�^� �K JC_
 "]�_�I J	�_CM�H�p�_"� ]�I �3a"c H � _�K  "H ` � ]$c ] ` K M�H7.

� câtul
� � � ���_=I�M N�K�IbK�K,c�a�K�� c _ � H ` M�H�.

�)& :CB�< � |!� z �
� restul

� � � ���_=IeM N�K�I K�K!c�a�K�� c _ �QH ` M�H�.
A�& | 
 z � �%& |$
 z!� :CB
< � |�� z �

�
pq_=c ]�_�I�HL_  "H5_  "H�p��_=I _ ��I�]���]"oCK M N�K HLK � � 
 ` H�� � � ��_�I�M�H HhG"_CJ�M c _ 4%)?.

� B &��!� :CB�< � B �+� ���
�
I+�_  ��_CJCK�^q_! =H5]�I  �K�^ K"� ��_�I 
  �K�^LMhI �fa=^R^"a0�-�_=I,]�_�I�H�JL_lIeH �*.
;"x=B - � � |�z�; - � + � � � B �

6.9 Exerciţ iu rezolvat
\ _=c J�a"c _CM N K$J"'"�n' �n'  
' J"' N` K$J"'"�n' �n'"� ' J=' _  =]�a��_3^=a0�4H�IeH='

Rezolvare� _CJ	�_ p��_ � _�K$_�� K�^CM K M NbK!_=c �"]�IbK M � a=c�c�aqK
Euclid

� � � c"pCH�M N�K IeHTJ�a"^C]�_�N` M�H0� � ^na"I �-�_CM�]�I�a"c���I�]��$I _���.

��� :LB�@=Y�< � . ) 

1 � 1���1 ����� . � � . ��*� : � . � �� :CB�< . � <���[=B x�j"<�j ���$�nA�[�� . � /�� 1 � ) 2�1 �"- �,2�1 2 .�/�� 1��
��� : � . �"�� :CB�< . � <���[=B x�j"<�j ���
� 
 9�[�< � & . � �R9�[�< - & . �
�*� A
[�� ����� 2 . ("1 � 1 - ��� ��� 2 / 
�)
�"�����
# � 9�[�< � & :CB
< � - � � � �nA�[ � ( -=/ )
�
& � 9�[�< � & - 
 � � � �nA�[ � � 1 �q/ )
�

 � :	� � &�� <���["B x
j=<�j ����� � A
[�� � 
 - � -	� 2 / ( � 
�� 
�� � �h( � %� � 9�[�< - & � �nA�[ � ( -=/ )
� ��1=* 2 . 1 ��1 - 
 ��-���/ 2 /
�*� 9�[�< � & � �nA�[ � � 1 �q/ )
� ��1"*,2 . 1 ( -=/
"*� x
j=<�j # �
���*� @"A,:CB�< �=( � 
�� 
�� � �h( � � � � . �
� � � � � . � � � � &���� ������ @"A,:CB�< �=( � 
�� 
�� 
 �h( � � � � . �
� � � � � . � � � � &���� . ��� . �"� �

6.10 Exerciţ ii
� H! �_CM _3_ ` M _3_�� ` J�]�I�^qK M ] ��I��_��5_  ��_��"a=^LH�c H3J	��K�_�I K�^LM�H�I�H ` _=^LM�H�.

&=' �V^  �K JL_CM N�K�p�_=c ]�_lIeHL_7M K"���_=I K M��_  "Hna=I �-�_CM�]�I�a"c���I�]��$I _�� .


 k=9�[�|"A
��� 9�[�< - &�� &
��� 9�[�< � &!:LB�< � ;��lA ��� - 
���� � � � - 
 � � ���# � 9�[�< - & - � �
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& � A�[�� � 1 ("1 � 1 � .
� ) - * - � ��-�� 1 � 1 .�/�� ) - �Q:CB�@=Y�< -

 � :	� - <��
[=B 9�[�< - � & - 
 #� � :	� - �! !� <���[=B :	� - ���� !� <���["B 9�[�< |%& - ���
��� @=A,:CB
< |�z�; � :CB�< � - 
*�	� # ���

8$' ��J�IbK H�M N�K!a=^ ��I�]��$I _�� JL_lIeH ` �_7a0� �"c H HTJ�I _=^=a"c�J�a ���_CMhI+�_CM N�H�c H4J�]$c ]�I _CM�H!� � ^ ]�I  �K�^CHL_ �,�
&���8���?��=E?��s��

��������,�,&���8,�,'L'�'  �a0���_7J�]� �a=c�J�a"c ]�IbK�c ]�I '

?$' ��J�IbK H�M N�K$a"^ ��I�]���Ib_�� JC_�I�H ` �_ JT]�c ]�I�H�o�H1� � ^CMhI&��]5J�a=c ]�_lIeH4M�]�_CM�H!���_CMhI��_CM N�H�c H�c H J�a5_�� ��H�c H J�]�]�I  =]�^q_CM�H
�q_lIeHnN` K�� � ^5_=c M��_ J�a"c ]�_�I�H ��H5J�H�c Hlc _=c M�H"'

E!' �
H ` J�IbK H�M N�K ��I�]��$I _��3a"c  "H5c _3F=G�H�I�JLK M N�K�a"c
&���\ _��qK M�]$c�a"c�E?� � � K�Ib_ JT]�c ]�I 
 � ]�c ] ` K�^  n^L]�K�c H K�^ ` MhI�aLJTM N K�a=^qK�'
s!' ��J�IbK H�M N�K!a=^ ��Ie] ��Ib_�� JL_lI�H6JC_=c J�a"c HL_Co��_ ��IbK"� K�K�
���JL_lIeH ` H J�H�I�H ��IbK�^ ��Ie] ��Ib_�� 
 M�HlI �4H�^qK$_�K N` K�I�a"c�a�K
c�aqK

Fibonacci
' � � NTK�I a=c�_CJ�H ` M _ ` H ]��CM N�K�^LH6_ ` M�� H�c&. ��I K"�5K�K� "]�K"M�HlI �4H�^qK ` a"^CM &5N` K,&���K�_�I a"^4M�H�I �6H�^

a"c M�H�IbK ]�I ` HU]��CM N�K�^LH ��IbK�^ _  �a=^q_lIeHL_ JTH�c ]�I  "]�K M�H�I �6Hl^qK JL_�I�H�� K ` a"^CM _=^CM�H�I K ]�IbK�' � _CM��_�.R&�� &��v8,�
? � � & �68�

��s � � 8 �4? 
���� � � ? � s�
��,&L?3H�M�J=' 
T'


$' ��J�IbK H�M N�K a"^ ��I�]��$I _�� JL_lIeH  "H�M�H�I �5K�^��_  �_CJ��_3a=^ ^"a��7�_=I  �_CM�
dH ` M�H prim
'

Indicaţie
. M�H ` M _CM N K I�H ` Mha=I K�c H�� � � ���_=I�M N�K�IbK�K,c�a�K n

c _4M�]�_CM�H3^=a0�4H�IeHlc H�� � ^CMhIeH ��K���� � '
�$' ��J�IbK H�M N�K
a"^ ��I�]��$I _�� JL_lI�H J�]�^ ` K  "HlI+�_ HTJ�I _=^=a"c"] � _ ` �_  "H!�qK�c K�_lI  ��H JL_lIeH ` H mişcă

] ��K�c��_ � c K M�H�I _
� 
�',5 I�]��$I _��3a"c�p�_ J�H�I�H  �K�IeHTJ�M N K�_  =H5c ]=pqK�I�H ��JL_�� � ^ 
 �$a"I��_ 
 N` K�_���]�K=p�_ � K�N` JL_1� � ^LJ�HTM K�^qK M ��K�c _ ���_=^��_
c _4]���IbK�IeHC_3HLK�'

&
� 8

� � ?

 E

s

Indicaţie
. ` H3p�_-� ]$c ] ` K$@�|=Y$;=[RJ�an] p�_=c ]�_lI�H JL_lI�H J�I�H"N` M�H��qH��-�_ ` a"I��_4JTH ��K�c _ _Cp�_=^ ` HC_Co	�_�' �

� K�N` JL_ �qK�c _ � � ^ ` HL_��3^��_7_5]�N` M�H�I �"HnN` K
_7]  "H ` H�^q_8� � ^LMhI � ]n_=c M��_ �q]=oLK M N�K H"'
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Chapter 7

Mai multe dimensiuni

��^ _CJ�H ` MvJL_���K M�]�c�MhIb_CM��_�� ] ` K�^���a=I+�_ ��I�]��=c H	�-�_��� �_lI  "H ` Mha"c� =H ` ��K�^L]�_ ` �_�.

�
� _CMhIbK JLK ��pq_lI K�_���K�c H �3a"c M K  �K"�4H�^ ` K ]�^�_=c H 

<

�
{ :	����H�^CMhI a _7J�IeHC_3pq_lI K�_���K�c H � a=c M K  �K"�4H�^ ` K ]�^q_=c H='

� _CJ	�_3_CpCH	� a=^�N` K�I  =H ^=a0�4H�IeH ^L]"M _CM Jla��B� ` �_5oCK J�H	���	� � ^ �=H�^LHlI _=c IeH���H�I K"� ��IbK"� a=c ` �_=a5H�c H	�4H�^CM
 �I�H	�CM����	��_=c  =]�K�c HL_  $IeH	�CM����5N` '�_�'"�n'  !'1� ^6_ ` M�� H�c	 "H5N` K�I �=J�a3a"^3^"a��7�_=I 
,^qK M  "H M�H�I �6Hl^qK���H ` M�H4^"a0�5K M
vector

'
���_ ��I�H ` a��"a"^CH	� J��_ H�J�Ib_=^"a"c H ` M�H a�� �=c�aLMnJ�a JLK � I�H"' � Mha=^LJLK 
�H�JL_lIeH ��H�IeHTJ	�LH  "H J�]�]�I  =]�^q_CM�H

K  "Hl^LM K 
�J	�_U]UJLK � I��_%/}J�HC_nJL_lIeH ` H _�@;�_8� � ^ _CJ�H�c c ]�J ��HnH�J�Ib_=^�'(� ^
tablou

 =H _CJ�H ` M�� H�c ` HU^"a��6H"N` M�H
matrice

'�� ]�� � ]�c ] ` K�M�HlI �4H�^"a=c0 "H'� ���5_CMhIbK J�H
) ��H�^CMhI a4M�]�_CM�H p�_=c ]�I K�c H Jla �5_�K��3a"c M�H  �K"�4H�^ ` K�a"^�K�'���_CM��_
 "]$a��_4HhG�H	� �=c H�.

� ^5pCH�J�M�]�I � ��� ��� �
	�������
 ��� ���� � � � � � � �
� � _CMhIbK J�H-4

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

D,]"M5_�N` _UJ�a�� �"aCM�H	� pL]�I �qK  "H ` ��I�H�Hlc H	�6Hl^LM�H�c HUpLH�JTM�]�I a=c�aqK��*� �"aCM�H	� pC]�I �qK  =H ` ��I�H H�c H �6H�^CM�H�c H
�5_CMhI K J�HCK�4 ' � ��^vpC]�I �qK�I�HL_ J�a=IeHl^LM��_7c H �=aLM�H	� K�^  �K JL_ � � ^ �3a"c M K"�"c H �6]� �a=I K�.!4 &���& ` _=a'4 �h&���& 
 ` _=a'4 � &���& �
` _=a � �"!#� ` _=a 4 � & � � & � HTM�J"'���� ����\Z_=c H �=H _! =]�aq_%��]�I �-�_���JTHL_5Jla �q_lIb_=^LM�H�o�HUI�]"Mha"^  "H"'
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F=GqH � �=c H�c H ` H ��]=M HhG�M K�^� =H c _ �5_�K �3a"c M�H  �K"�4H�^ ` K�a"^�K�' \ _Co�a"c Jla MhIeHCK  �K"�4H�^ ` K�a"^�K ` H ��]�_CM�H
I�H	��IeHTo�H�^LM _ ��I K�^CMhI&��]�K"�5_ ��K�^CH ` �q_CM N�K�_=c��_�'
��������\ � \���H�I � K M�H ]���H�Ib_�I�HL_ J�a _ ` M���H�c� =Hv] �qK H�J�M�H4^=a0�5_�K ` a�����]�I �-�_  =Hvp�_lI K�_���K�c H"'1DvK"�"a=c"c ]�I�H ` M�H

 �_CM  "H M K"�"a=cLH�c H	�4H�^CM�H�c ]�I,c ]�I < �"aLM�H �  �K ` M K�^��=H �5_CMhIbK JLK  "H ^"a��6H�I�H ` _=a  "H JL_lI _CJ�M�HlIeH �  "HTM _=c K�K"K"�4H  �K�_CM 
T'
Indicii

��pq_=c ]�IbK�c H JL_lI�H HhG���I K"�-�_ J�]�]�I  "]$^q_CM�H�c H3a"^=aqK$H�c H	�4H�^LM 
 a=^LHLK��5_CMhI K JLK ` a"^LMC� � ^LM�]=M  "HL_=a=^q_ ^"a��6H�I�H
� � ^CMhIeH ��K���� � ^CJ�H	���_=^� � "HUc _Q&='7
 a0�-�_=I�a"c� =H  �K"�6Hl^ ` K�a=^qK �q]�_CM�H Jla0��IbK�^ ` 
 � � ^LMhI�H�&nN` K 8ls"s � ` a 

JCK H�^LM! "H
�5_�I�H JL_ ` �_3^"a 
�H I�H ` MhI K J�M K p 
�'

7.1 � �
�

F;
 � � F�= ��*.
DIMension �  �K"�6H�^ ` K�a=^LH����
 D�� � ��*. {,:	�

v 2 � 4 � � ��� � ��� ����� � � � �\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

v
H ` M�HR^"a��6Hlc Hnpq_lI K�_���K�c HLK � � _CMhIbK J�H"'QF!c ^"a���]�_CM�H 
 � _�K c�a=^��� =Hn] c K M�H�I+� _�' � H�JLK ]Rpq_lI K�_���K�c��_ JL_

-�� �R^"a���]�_CM�H 
 � _CMhIbK J�H"' � ` ��H�JCK 

J��_  �_CJ	�_3p�_lI K�_���K�c _3H ` M�H  "H5M K"��N` K�I ` _=aR^"a��6HlI K J"' � � � � � � ����� � � �` a=^LM7^"a0�4H�I�H ��]=oLK M K pLH���� � ^CMhIeH ��K�' � H ` M�H�N` K  �K"�6Hl^ ` K�a=^LHL_ � _CMhIbK JLK�K�' � _=c ]�I K�c H3c�aqK � � � ����� � � � ` ��H�JLK 
�J	�_�-�_=IbK"�6HL_ 
�H�J	�_=IeHLK� �K"�4H�^ ` K�a"^�K�' � _CJ	�_Za"^ � � ^=a H���]"oLK M K p���� � ^CMhIeH �?� ` _=a  "H	���_�N` HlN` M�H 
ls"s�?�
��!]�IbK  �_CJ��_
�	� ��� ��� ` a"I�pqK�^CH5H�I�]�_lIeHL_ � '

{,: �UI�H�o�H�I�p��_ ` ��_CM N�K�a � � ^ �6H	�4]�IbK H6N` K"JlIeHL_Co��_4]5p�_lI K�_���K�c��_!�3a"c M K  �K"�6Hl^ ` K ]$^q_=c��_ J�a! �K"�4H�^ ` K�a"^�K�c H ` ��H�J��
K 
�JL_CM�H"'85�H�^CMhI a _4JlIeHL_7p�_�IbK�_��qK�c H�� � ^ JL_�I�H ` �_ �6H �6]�I��_�� JTH�c H! "]�a��_4M _��=c ]�a=I K  �K�^5HhG�H	� �"c�a=c  =H �5_�K ` a `
p�_5MhI�H	�"a�K ` �_4HhG�H�J�aLM��_��A.

{,: �%' � � � �U{,: � 
 � � � 
 �
� J�M N�K�a=^qK�c H5c�a�KC{,:	� �qHl^LMhI�a5pq_lI K�_���K�c H ^=a0�4H�IbK J�H N` K�N` K�I ` a"^CM  =H ` Mha=c	 "H  �K ��H�I K M�H JC_ ` �_ �6HlI K M�H ] MhI _CM _lIeH

` H �q_lI _CM��_�'

7.1.1 
���
 pentru variabile numerice
���_� �K ` J�aCM��_�� ��H a=^ HhG�H	� �"c�a�' { :	� 
 � � � 
 � IeHTo�H�I�p�� _ ` �q_CM N�K�a�� � ^ �4H	�4]�I K H �qHl^LMhI�a ]%� _CMhIbK J�HRJ�a

 � s � ?0�  =HQH�c H	�4H�^CM�H��5^=a0�4H�I�]"M _CM�H0
 � � � � � � 
 � � � � � � ����� � 
 � � � 
 � ' � _lI K�_���K�c _d^=a0�4H�I K J��_` K"� �"c��_ 
 N` K$pq_lI K�_���K�c _ �3a"c M K  �K"�6Hl^ ` K ]$^q_=c��_�
 � � � 
 � ��]=MvHhG"K ` M _ ` K"�3a"c M _=^��
� c M�H4H�� H�JTM�H�.

�
 �_CJ	�_ a"^vM _��=c ]�a J�a4^"a��6Hlc H  "H 
5HhGlK ` M _ _=^LM�H�IbK ]�I���H�cLH ` M�H N` M�H�I ` ��]�IbK JL_�I�H K � _lI 
�� ] ` M  �K"�4H�^ ` K�a"^�K�c H�<

�
M�]�_CM�H4H�c H	�4H�^LM�Hlc H5M _��"c ]$a"c�aqK!JC_����_CM��_4_=aLM�]��5_CM p�_=c ]�_lIeHC_ �$'

F!c H	�4H�^LM�H�c H � _CMhIbK J�HLK ` HRI�H�� H�I��_��� �a0���_UJ�a�� _��>_=^LM K JLK"��_CM ` ��H�JLK 
�J	�_=^  ^"a��6H�c H��5_CMhIbK J�HLK a=I �5_CM
 "H4J�]�]�I  "]$^q_CM�H�c H5Hlc H	�6Hl^LMha"c�a�K	� � ^LMhI�H ��_�Ib_=^LM�H�oTH"' � M�Hl^LM N�K H�� 
 � � � � � ^"a5H4M�]"Mha=^q_7J�a 
 � � � � � � ` H pLH  "HN` K���H 
 ��a=I+�_ 
�'
� H�M N�K�] �LM N�K�^CH5H�I�]�_lIeHL_3?  �_CJ��_�.

�
^"a0�-�_=I�a"c  "H4K�^� �K JCK�c _4K�^CpL]�JL_lIeHC_3a"^=aqK�H�c H �6H�^CM ^"a4H ` M�H HhG"_CJ�M JTH�c0 "H4c _  �K"�6H�^ ` K ]$^q_lIeH�<� =H!�qK�c  ,�_
9�[�< ()& 
 � # � ` _=ar9�[�< 
 � � � � � � � &
�

�
pq_=c ]�_�I�HL_ a"^"a�K,K�^� �K J�Hn^"a ` H ���_ ` H"N` M�H � � ^LMhI�H c K"�5K M�H�c H5K�^� �K JL_CM�Hnc _  �K"�4H�^ ` K ]�^�_=IeH�.
@"A,:CB�< 
 � 
�� � � � ` _=an:CB
@=Y�< 
 � " � " �
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7.1.2 
���
 pentru variabile de tip ş ir
5�Hl^LMhI�a _3I�H�o�H�I�p�_ ` �q_CM N K�a ��H�^CMhI a � � � � � � ����� � � � p�_�IbK�_��qK�c HnN` K�I � ` _=a$�$J�a _=c M�H4J�aCpqK�^CM�H��!] �5_CMhIbK J�H "H N` K�I�a"IbK�Jla  �K"�4H�^ ` K�a"^qK�c H � ��� � ��� ����� � � � 
���MhIeH	�=aqK H ` ��H�JLK 
�JL_CM�H ��� �  �K"�6H�^ ` K�a=^qK ��� c M K"� _ pq_7K�^� �K JC_
^"a��7�_=I a=c��5_TGlK"�  "H5JL_lIb_CJ�M�H�I�H ��H5JL_lIeH�� � c"p�_ _CpCHL_ 

HTJL_�I�H N` K�I '

5�H�^CMhI a5_1� � ^LM N H�c H �"H  =H J�H4c�aCJ�I�a"IbK�c H ` M _=a6_�N` _��=MhI�H	�"a�K H ` �_4^CH5c _=^ ` �_��B� � ^ ^qK�N` M�H HhG��"c K JL_CM N K�K��5_�K"_�� �"c H��
 �_lI JL_lI�H _=a5]�� _lI�H6K"� �q]�I�M _=^LM N��_�' � �_ �"a=IeJ�H  "H	� �

� ��^ ��I K"�3a"c!I+�_=^� nMhI�H	�"a�K H ` �_ ]�� ` H�I�p��_�� J	�_ 

HTJL_�I�H�N` K�I  =H5JL_lI _CJ�M�HlIeH ` H5J�] � ��]�I�M��_ JL_ a"^ pCH�J�M�]�I  "H
JL_lI _CJTM�H�IeH��� �_�I JL_lIeH ^"a _"� ] ` M _=^CM�H�I K ]�I  �K"�4H�^ ` K ]�^q_CM�' � J�HL_ ` M _�� � ^ ` HL_�� ^��_ J	�_5_CpLH � _CJ�J�H ` c _nc K M�HlIeH�c H
JL_lIeH �fc JT]�� �"a"^RJL_ c _UH�c H �6H�^CM�H�c H a"^=aqK pLH�JTM�]�I '�� ` M�� H�c&� - � � � � H ` M�H���IbK"�3a"c,JL_lI _CJ�M�HlI  �K�^ N` K�I�a"c - ��  �_CJ	�_ HhG"K ` M��_ 
�' - � � . � H ` M�H6_=c . �fc HC_ JC_�Ib_CJ�M�H�I�' � � _CJ	�_ - �3^"a5_lIeH . JL_lIb_CJ�M�H�I�H6pCH�M N�K=]��CM N�K�^CH H�I�]�_lIeHC_6?$' 
���_4pLH  "H	��.

��� 9�[�< - ��&�� - � (���1�����0,2�� ���
��� @=A :CB�< - � � � �# � @=A :CB�< - � � ��� � � - �

J�a H � H�J�Mha=c �qH7H�J�Ib_=^

-� - � (���1�����0,2�� �
4 _�K �3a"c M! =H�J	�_CM5_CM��_CM
. �=aLM�H	� ]���H�Ib_QJla 
�H�JL_lI�H�JC_�Ib_CJ�M�H�I  �K�^ N` K�I JL_ N` K J�a�� _lI 
 ] pq_lIbK�_��qK�c��_

K�^� =H	��H�^� =H"^CM��_�.

# 9�[�< - ��&��"( � 
 � ) / 1 � �

 9�[�< - � � � � &���k �� @=A,:LB�< - �
" 9�[�< - � � � � &�� 
 -
� 2 .�- �� @=A,:LB�< - �

J�a H � H�J�Mha=c

k � 
 � ) / 1 �
 � 
 � ) / 1 �
5 Ie] ��Ib_�� a=c _=^LM�HlI K ]�I4^LH ` H	�3^q_=c HC_Co	�_Za"^ � _��LM5K"� �q]�I�M _=^LM
. - � � � � H ` M�HQa=^ N` K�I�� ]�I � _CM  �K�^LMhI �fa=^

` K�^ ��a=I JL_�Ib_CJ�M�H�I��  =H�JLK  �_CJ	�_�� K,_CMhIbK"�"aqK"�O]np�_=c ]�_lIeH �5_�K c�a"^��,�_��!p�_ ��IeH�c�a�_  �K�^ HC_U^"a0�5_�K!]���_�I�M�H"' ���_
�5_�K�pLH  "H	�>a=^ HhG�H	� �"c�a�.

# 9�[�< - ��&��L*�1 � ��1 �

 9�[�< - ��& - � � � � � @=A :CB�< - �� 9�[�< - ��& - � � - � � � � ��@=A,:CB
< - �

��H5H�J�Ib_=^$.

*
*�*
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�!H�pLHl^qK�^� c _ {,:	�;.�{,:	� - � � # � & � ��� � J�I�HL_Co	�_4] �5_CMhIbK J�H J�a�� ����� � � N` K�I�a"IbK,^=a0�4H�I�]"M _CM�H! "H3c _- � � � � � � � - � � � � � � c _ - � � # � & � ��
�H�JL_lI�HnJ�anJ	�_CM�H & �3JL_lI _CJ�M�HlIeH"' 5�H�^CMhI anJ	� _��
_�N` _3J�a0�>_�� p��_Co�aCM
�
J	��K�_�I6N` K pq_lIbK�_��qK�c _ ` K"� �"c��_ - � ��]�_CM�H 
dJ�]�^ ` K  =H�I _CM��_RJL_�

K�^� a"^RpLHTJ�M�]�I �  �_lI J�aQc�a=^���K"�4Hnp�_�IbK�_��qK�c��_��
p�_�IbK�_��qK�c _ � a=c M K  �K"�4H�^ ` K ]�^q_=c��_ - � � # � & � ��� � N` KCp�_�IbK�_��qK�c _ ` K"� �"c��_ - �7^"a!��]"M H GlK ` M _ ` K"�3a"c M _=^�' � H _CJ�H�HC_{,:	��Jla��q_lI _��4H�MhI�a  "HnM K"�ZN` K�I p�_�N` M�H�I �"Hn]�IbK J�H _=c M5N` K�I J�a�_CJ�H�c _�N` K ^=a0�4H � IeHL_��5K�^LM K"�OJ	�_ ` K Mhaq_CM N K�_Z^"a
H ` M�H _CJ�H�HL_�N` K�� � ^nJL_Cola"c,pq_lIbK�_��qK�c H�c ]�I ^=a0�4H�I K JTH 
�'�D _��=c ]�a=c
J�I�HL_CM5_�I�H3M�]�_CM�H3H�c H	�4H�^LM�H�c HRK�^qK M N�K�_=c K oL_CM�H3J�a
��� � ` ��_CM N�K�a 
�' � ` M�� H�c ` H4J�I�HL_Co	�_ � ���RN` K�I�a"IbK  "H7J	�_CM�Hn&�� ` ��_CM N�K�K�'

\ a N` K�I�a"IbK�c H5J�I�HL_CM�H �"aCM�H	�>c�aCJ�I _ ^L]�I �5_=c	/ - � � � � � � H ` M�H5_=c� "]�K�c HC_ N` K�I��
_Cp��_=^  Q&��7JL_�Ib_CJ�M�H�I�H�/
` _=anJ�anJL_lIb_CJ�M�H�I�H�c HQc ]�I K�^� �K pqK  $aq_=c H�. - � � � � � � # � H ` M�H _=c�MhI�HLK�c HL_ JL_�Ib_CJ�M�H�I _=c N` K�I�a"c�a�K  "H��5_�K �h^q_�K�^LM�H='� N�K�I�a"IbK�c H - � � ' � ( � pC]�I _CpCHL_ � � ^LM�]=M  "HL_=a=^q_n& � JL_�Ib_CJ�M�H�I�H"' � MhIbK"�"a�K�I K�c H pC]�I,c�aLJlI _ procustean

' � 5 I�]�J�a ` M
_���] ` M a=^ M K"� JL_lI�H _CpLHL_ a"^ ��_CM  $a0���_4_ J	�_=I a�K	 �K"�4H�^ ` K�a"^CH _�2ha ` M _ ��H J�HLK���H JL_�I�H�� K"K�^CpqK M _ ` �_  "]�_�I �7�_��f^
H�c&.  �_CJ��_3H�Ib_=a���IeHL_Zc�a"^ ��K��	� � K ` J�a"I�M _  =H JC_��$�  �_CJ	�_3H�Ib_=a ��I�HL_ ` J�a"I�M N�K���� � K �5_�K!c�a"^ �"HL_�'-� ^ �qK J ` _  �K J"' 

\,HL_ � _�K �"a=^��_ �6H�M�]� ,�_ ��H�^LMhI�a _ ��IbK J�H	��H3H ` M�H5H G ��H�IbK"�6Hl^LMha"c&.

��� {,:	� - � � # � � � & ���� 9�[�< - � � � � � � & ��1=)�� ��9�[�< - � � � � � � & � / )�����9�[�< - � � # � � � & ��1�� �# � 9�[�< - � � � � � � & � .
� 2�� � 9�[�< - � � � � � � & �C* � 2*� � 9�[�< - � � # � � � & ��1!2 � / �=/ 2��& � @=A,:LB�< - � � � � � � � - � � � � � � � - � � # � � �
 � 9�[�< - � � # � � � � � &�� - ( -	�"- �� � @=A,:LB�< - � � # � � � � - � � � � � �
��H5H�J�Ib_=^$.

1=) .
� 2 1
2 � /1 - * � 2
��]�c ] ` K�I�HL_3a=^L]�I K�^� �K JCK,K�^LJ�]�I�H�J�M N K� $aLJ�HUc _4H�I�]�_lIeHC_n?�'

7.2 Exerciţ iu rezolvat
��J�IbK H�M N K,a=^ ��I�]���Ib_�� JC_�I�H5JL_=c J�a=c HL_Co	�_ � _TG"K"� a=c	 �K�^LMhI �ha"^�N` K�I  "H ^"a0�4H�I�H"'

Rezolvare
45H�M�]� �_ H ` M�HUa"I �7�_CM�]�_lIeHL_�. ��IeH ` a0�=a"^LH � J	�_��5_TGlK"�3a"c�H ` M�H3J	��K�_�I ��IbK"� a=c ^=a0�-�_=I�' � ��c�J�] � ��_�I��_��

J�a _=c� "]�K�c HC_�� _=c�MhI�HLK�c HL_��!H�M�J=' � ���_=^��_  ,�_��  "HUa"^=a"c � _�K�� _lI�H"' � Mha=^LJLK,_CJTH ` M _ pq_ 
 �5_�K � _lI�H  "H�J��_CM
M�]�_CM�H  "H ���_=^��_3c _3H�cV'�=,K J�H	�OJ	�_5H�c�H � _TG"K"� a=c
N` K$J�]$^LM K�^"a��_�� ` �_��hc"J�] � ��_�I��_�� J�anJ�H�c H3J�H�� _=a I��_��5_ ` �
 �a����_ _CJ�HTHL_�N` K ��I�]�J�H  �a=I+�_�'
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7.3 Exerciţ iu
&=' ��J�IbK H�M N�K=a=^ ��I�]��$I _�� JL_lIeH �4H	�6]�I�HL_Co	�_�
 ^"a��6H  "H ��H�I ` ]�_=^CH N` Kl]�Jla0�q_CM N�K�K�c H c ]�I�' ��]$c ] ` K M NbK �hc	��H�^LMhI�a
_ _ 
 N` _  $a0���_  "]�IbK�^LM N��_5]�IbK c K ` M _ ��H�I ` ]�_=^CH�c ]�I��
]�IbK c K ` M _ ��H�I ` ]�_=^CH�c ]�I J�Hn_=a ] _=^=a0�5K M��_4]�J�a��q_CM N K H� J�H�I�aLM��_  =H ��I�]���Ib_��  "Hnc _ aLM K�c K oL_CM�]�I 
�'
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Chapter 8

Cicluri

\ _6N` K=JL_���K M�]�c�a"c"_=^CM�H�I K ]�I���J�Hlc  =H�� _CM N �_ MhIb_CM�HL_Co	�_4a=^ ` K�^ ��a"I!J�]�^CJ�H	�CM
�� �_lI �qH �f^  "H�c H�M�H=' � ]��+�=aLM�HL_ MhI�H�J�H
c _ ��Ie] ��Ib_��6H �5_�K�^q_CMha=I _=c H���H�p�K M��_=^  N` �4H�J	�CH�I K�K�c H ��H JL_lIeH7c H�� _��9�#�_CJ�aCM ���_=^��_ _CJ�a0� JL_ ` �_ �"aCM�H	� ` J�I K H
J�H�p�_B� ���4H�I ���_CM�]�I�) Jla �=aLM N�K�^CH�c H�K�^ ` MhI�aLJ�M N�K�a"^�K ��H�JC_�I�HZN` M K�_��n' � H"N` K J�Hlc H  "H ���_=^��_U_CJ�a0� ^"aQ_=a ��] ` M
�4]  =H�c H! "H ��I�]��$I _��5_lIeH���M�]=Mha�N` K�J�I�H  RJ	�_4p�� _=a �"a ` c _nc�aCJ�I�a�� � ^LMhI ��]n]�_lIeH�JC_�I�H �-�_ ` a=I+�_ K"�5_ ��K�^�_CM NbK�_�'

�
�
jlA$
 <�j+
 ;"<�[�@���H�^LMhI�a _"� _CJ�H �"aLJlc H�<

�
B
[���<���H�^LMhI�aRIeHlc�aq_lIeHL_3H GqH�JlaLM N K HLK a"^LHCK �"aLJlc H"'

8.1 � � � � ����� ��� � �
F;
 � � F�= ��*.

for � ��H�^CMhI a��
to � c _��

step � �q_ `����
 D�� � ��*. ��jlA
v
&

init
<
j

fin 2 ;"<�[�@ pas 4\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.

8.2 � � � �
F;
 � � F�= ��*.

next � a=I �-�_CM�]�I�a"c&�$a"I �7�_CM�]�_lIeHC_
����
 D�� � ��*. B�[���<

v\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� J�H ` M�H5K�^ ` MhI�aLJTM N�K�a"^�K ` H0� ]�c ] ` H ` J1� � ^ �4]� 3^L]�I � _=c�^"a�� _�K�� � � ��I�H�a"^��_��	 =H"N` K ` a"^CM  �K ` M K�^LJ�M�H=' � ��^LMhI�H H�c H

` H���]=M _�@
_U]�IbK J	�_CM�Hn_=c M�H K�^ ` MhI aCJ�M N�K�a=^qK�� ` _=aQc K�^�K�K�' ��^ ` MhI aCJ�M N�K�a"^CHL_���jlA MhI�H	�"a�K H'� � ^ ` �_ ` �_ 
�HnHhGqHTJ�aLM _CM��_
� � ^�_�K�^LM�HL_ B�[���<��ha"c�a�K,J�]�I�H ` �"a"^Co	�_CM�]�I�' ��J�]��=a"c _CJTH ` Mha�K J�a0�=c�a�H ` M�H  =H _ IeHL_=c K oC_ ] buclă

� a"^
ciclu


T'
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� ` M _ � � ^ ` HL_�� ^��_ J	�_4K�^ ` MhI aCJ�M N�K�a=^qK�c H4JL_lIeH ` H4_�@ �_ ` J�IbK ` H!� � ^LMhI�H ��jlAZN` K=B�[���< ` H pL]�I I�H	��H�M _  =H3a"^5_=^"a0�5K M
^"a��7�_=I  "H5]�IbK�'*
 ]�K,_�� �5_�K ` J�IbK ` ���_=^��_ _CJ�a�� �"aCJ�c H��  �_lI J�a ]�_�I�H�J�H5J��qK�^"a�K�_=c��_��,� ]$c ] ` K�^  n]npq_lIbK�_��qK�c��_
J�H ` HnK�^LJ�I�H	�4H�^LM _QN` K a"^R:	� ��H�^CMhI aR_  "HTJLK  "H _CM K�^ �"H�I�HL_Rc K"�5K M�HLK�'-5�H�^CMhI anJL_Cola"c�� � ^ JL_lI�H ^=a0�-�_=I�a"c� "H
I�H	��H�M K M N K�K�H ` M�H7J�a"^C] ` JlaLM5c _7K�^LMhIb_�I�HL_8� � ^ �"aCJ�c��_�� ��j�A 
 B�[���< ` H! "]=pLH  =H ` J �5_�K"H 

JCK H�^LM�H"'

v
H ` M�H5]3p�_�IbK�_��qK�c��_n^=a0�5K M��_ contor

��JL_�I�H5MhI�H	�"a�K H ` �_5_�K"���_3^=a0�4H�c H�� ]�I �5_CM  �K�^LMhI � ] ` K�^��$a"I��_ c K M�H�I+� _�'
� _=c ]�_lIeHC_4HLK ` H �4]� �K 
�J	�_7c _ 
�H�JL_lIeH3MhIeHTJ�H�I�H ��IbK�^ �"aCJ�c��_�'

init
H ` M�Hv] HhG���IeH ` K H4^"a��6H�IbK J	�_��
��]�c ] ` K M��_ ��H�^CMhI a5_ �"Hl^LH�Ib_ pq_=c ]�_�I�HL_ K�^qK M N K�_=c��_v_ pq_lIbK�_��qK�c HLK v � p�_=c ]�_lIeHC_��H5JL_lIeH7] ��IbK"�6H"N` M�H v

c _4HhG�H�J�aLM _lI�HL_RK�^ ` MhI�aLJTM N�K�a"^�K�K���jlA�
�'

fin
H ` M�H p�_=c ]�_lIeHL_ c K"� K M��_ �qH JL_lIeH ] ��]�_CM�H5c�a�_ v

' � _! "H	���_�N` K�IeHL_7_CJ�H ` M�HCK!c K"� K M�H����"aCJ�c _n^=a �5_�K�H ` M�H
I�H�c�aq_CM��_�'

pas
H ` M�H pq_=c ]�_�I�HL_ JL_lIeH ` H _  �_=a��,�_ c _

v
c _ 

HTJL_�I�H5^C]�a��_ MhI�H�J�HlIeH ��IbK�^ �"aCJ�c��_�' \1�_=^  5;"<�[�@3c K"� ` HlN` M�H��

p�_=c ]�_lIeHL_ c�aqK
pas

H ` M�H6JT]�^ ` K  "H�Ib_CM��_R&='
���_ HhGqH � �=c K 

J��_���.

��� {,:	� - � ��� ����)��jlA 2 &�� <�j ���
# � :LB�@=Y�< ��1���1�
 ��� � 2 � ����� � - � 2 �& � @"A,:CB�< 2

 � B�[���< 2

� ��^6_CJ�H ` M ��I�]��$I _�� 2 MhIeH�JTH ��IbK�^ M�]�_CM�H4^=a0�4H�IeHlc H � � ^LMhI�H ��K� "H7c _5& c _3&��$' � ��^6K�^LM�H�IbK ]�I�a"c��=aLJ�c HLK ` H J�H�I�H
H�c H	�4H�^CMha"c a=^"aqK pLH�JTM�]�IvJ�aQK�^� �K J�H�c H 2�' � HTJLK _CJ�H ` M ��Ie] ��Ib_�� K�^qK M N�K�_=c K o�HL_Co��_

interactiv
��_  �K J	�_ c�a��_=^  

 �_CM�Hlc H  "Hnc _ aLM K�c K oL_CM�]�I��
K�^CM�H�I _CJTM N�K ]�^��_=^  nJ�a H�c 
 a=^ pCH�J�M�]�I Jla�&��3Hlc H	�6Hl^LM�H"'
� _CJ	�_�� � ^�_�K�^LM�HL_ H GqH�JlaLM��_=IbK�K a"^CHLK K�^ ` MhI�aLJ�M N�K�a"^�K �
jlA HhGlK ` M _ ]dpq_lIbK�_��qK�c��_ ^"a��6HlI K J	�_ _Cp��_=^  _CJ�H�c _�N` K

^"a��6H4J�a
v
��_CMha"^CJLK!HL_7H ` M�H  �K ` MhI�a ` �_�'

5
_ ` a"c �q]�_CM�H 
 ` a��"a=^qK M _lI .

��j�AO2�&���� /
� � # ;"<�[�@�� � 
 � @=A,:CB
< 2����!��� �UB
[���< 2

I�H�o�a"c M _CM
.

��� ��� � 
 �*����� � 
 ��� ��� � 
 � #
` _=an^CH ��_CM K p �&� � ^ ` �_4_CMha"^CJLK!MhIeH �"aqK H3JL_ � � ������� � ��

.
��j�A � &���� /
� ��� ;"<�[�@�
����R@=A :CB�< � � �UB�[���<��
JL_lIeH  ��_�.

��� ��"
� � � &
��� ���

4 _�K!_CpLH �  "H3c��_��3a"IbK M J	�_CM�H�p�_! "H�M _=c K�K!Jla ��IbK pqK�I�H3c _ �=aLJ�c H�c H ��jlA$
 B�[���<,'
� ��^LM��_�K��$JL_lIeHnH ` M�H p�_=c ]�_lI�HL_np�_�IbK�_��qK�c HCK  "H3J�]$^LMhI�]�c c _nK H"N` K�I�HL_  �K�^��"aCJ�c��_	( F ` M�H ��IbK"�5_5p�_=c ]�_lIeH3JL_lIeH

^"a � _�K$I�H ` ��H�JTM��_3J�]$^� �K M N�K�_  =H �q_lI�J�a"I �"H�I�Hn_ �=aLJ�c HLK�� N` K ^"aUa"c M K"�5_4JL_lIeH5] �5_�K!IeH ` ��H�J�M�� _�'���_CM��_�.
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 ��jlA 2 &�� <�j 
 �U@"A,:CB�< 2��
� B
[���< 2
� @=A,:CB
< ��2

JL_lIeH  ��_

��� # &�
�
\,H ` H � � ^LM��_�� �=c��_  �_CJ	�_ �"aLJlc _3^"a ` H!��]�_CM�H �q_lIeJla"I �"H5^�K JLK ]� �_CM��_	( � ` M _ ` H � � ^CM��_�� �"c��_ ^=a0�5_�K�� � ^  =]�a��_

JL_Co�a=I K�.

�
� � ��� ��� � � N` K�� � � � �,� ` _=a

�
� � ������� � � N` K�� � � � �$'

� ��^�_CJ�H ` M�HnJ�]�^  �K M N�K�K �"aCJ�c _ ^"a ` H��q_lI�J�a"I �"H ^qK JLK ]� �_CM��_QN` K ` H ` _lIeHUc _ ��I K"�5_nK�^ ` MhI aCJ�M N K�a"^CH  "H  $a0���_
B�[���<��ha"c"JT]�IeH ` �"a=^Lo	�_CM�]�I '
��_CM��_4H�I�]�IbK�c H ��H5JC_�I�Hnc H ��]"M �"H�^CH�I _ �=aLJ�c Hlc H ��jlA$
 B
[���<;.

�
H�Ie]�_�I�HL_48�. J	�_=^� ` H � � ^CM��_=c�^LH"N` M�H B�[���<��ha"c��#�_=I��_ _ 
nMhIeHTJ�aLM ��IbK�^ ��jlA��fa=c"I�H ` ��H�J�M K p N` K�^�K JLK$^"a4HhG"K ` M��_
p"I�H�]np�_�IbK�_��qK�c��_3^L]�I � _=c��_ J�a _CJ�Hlc
^=a0�4H�<

�
H�Ie]�_�I�HL_7&�.,J	�_=^� ` � _ � � ^CM��_=c�^�K M�B�[���< � ��j�A��ha"c�^=a6_ HhG"K ` M _CM
�	 �_�I�p�_�IbK�_��qK�c _ J�a _CJ�H�c _�N` K�^"a��6H HhG"K ` M��_�<

�
H�Ie]�_�I�HL_ ��.�J��_=^� ` H�� � ^LM��_=c�^LH"N` M�H a=^ �
jlAQK"� ��] ` K"�qK�c� "H3HhG�H�J�aLM _CM � pCH�oLK �q_lI _ �$I _�� a=c
_=^LM�H�IbK ]�I 

�,K�_�I
B
[���<��fa=c�I�H ` ��H�J�M K pR^=a ��]�_CM�H 
 ���_ ` K M�'

5�H�^CMhI an_ ���_=I��_ ` K"]��=aLJ�c��_�� � ^�_�K�^LM�H  =H ` �#�_=I N` K Mha"c"HLK 
,IeH ` J�� �"aCM�H	� K"�5_ ��K�^�_! "]$a��_ �6H�M�]� =H�.


 ��jlA 2 &�� <�j ���
� :CB�@=Y�< �=( �=.�/ 2 . ) - 
 ' ��� - �
� :	� - �0&�� � - � <���[=B 9�[�< 2 & ���
" B�[���< 2

` _=a


 ��jlA 2 &�� <�j ���
� :CB�@=Y�< �=( �=.�/ 2 . ) - 
 ' ��� - �
� :	� - �0&�� � - � <���[=B x�j=<
j �
" B�[���< 2

5 I K"�5_ �4H�M�]� ��_ � � c�_  $aLJ�H ��H�20� � ^ _�� _lI _ c K"�5K M�HLK�
,^q_=c H  =H JCK J�c _�I�H��  "HTJLK c _�� � ^LM��_=c�^qK�I�HL_ K�^ ` MhI�aLJ�M N�K�a"^�K�K
B�[���< �"aLJlc _d^=a �5_�K,H ` M�HQI�H�c�aq_CM��_�' �  "]$aq_ �4H�M�]� �� _ K H ` H��"a=I N` K ` K"� �=c�a  �K�^ �"aCJ�c��_�� �#�_=I+�_n_U] � _�K
�q_lI�J�a"I �"H ���_=^��_7c _ B�[ ��<,'

� ��^ �6]� U^L]�I � _=c 
�H�J	�_=I a�K �
jlAnMhIeH �"aqK H ` �_�� K=J�]�I�H ` �"a"^  ��_Ua"^4B�[���<QN` K!^"a�� _�K a"^=a"cV' � J�HL_ ` M _5H ` M�H4]
I�H�J�]��5_=^� �_�I�H�� ^"a ]n] �"c K ��_CM N�K H"' � _�I�� ` MhI�aLJTMha"IbK,JL_ a"I �7�_CM�]�_lIeHC_�.
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��� �
jlA>2 & � / � ����������

 � :	� ( �=. � <��
[=B x�j=<�j �����

 � A�[�� ( �=. � 1 ��/ 1 � - � �l-�������
�*� B
[���< 2
� 
 x
j=<�j!�����
���*� A�[�� ( �=. � 1 ��/ 1 - ��1=* -���-=/�-�����
���*� B
[���< 2

` a=^LM � a=c M!��IeHL_8� � � ���_=I�c K ��_CM�H ��H�^LMhI�a�_ ��H�I � K M�H3]'� � ^LM N H�c H �=H�IeHRa�N` ]�Ib_��_�'-5 c�a ` J��_3_=c M�H c K"� �q_�2 Hn^qK JLK ^"a
_  ��5K M ` MhI aCJ�Mha"IbK  "H _CJTH ` M�� HlcV'

� ��^LMhI �fa=^ ��I�]���Ib_�� ` H ��]=M'� ]$c ] ` K�� H�p�K  "H�^CM
� �5_�K �3a"c M�H �"aCJ�c H"'OF!c HRMhIeH �"aqK H ` �_ 
�HQ]�IbK J�] � �=c H�M
 �K ` M K�^LJ�M�H�� _  �K J��_!��jlA��fa=c�a"^CHLK�_ ` �_3^=a ` H5_�@�H � � ^ K�^CM�H�I K ]$I a=c�J�H�c HLK�c _=c M�H 

�	� � ^6JC_�I�H4JL_Co �q]=M ��]�c ] ` K�_CJ�H�HL_�N` K
p�_�IbK�_��qK�c��_���]�I K=J�] � �=c H�M a"^�_��f^CMhI&� _=c M _ � _  �K J	�_4_CM��_CM ��jlA$�ha"c�J	�_CMvN` K�B�[���<��fa=c�a=^LHLK�_ ` �_ ` H _�@�H1� � ^5K�^LM�HlI K ]$I a=c
J�H�c HCK�c _=c M�H 
�' \ a _=c M�H4J�aCpqK�^CM�H�� _CpCH	��.

\,]�IeH�JTM
.


 ��jlA 2 &�� <�j ���
��� ��jlA ��&�� <�j�� � 
 ;=<�[�@�� ��������
�*� B�[���<��
���*� B�[���< 2

N` K�.


 ��jlA 2 &�� 
 <�j ��� ;=<�[�@�
�������

 � B�[���< 2�����
���*� ��jlA ��&�� <�j!� � � ;=<�[�@�� � ������
���*� B�[���<��
� I�HlN` K M
.

��� �
jlA 2 & � <�j ���
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Chapter 9

Întâmplare ş i interacţ iune

� a0���_Q_CM�� _CM�HL_ c�aCJ�I a=I K ` HlI K ]�_ ` H�� _CJ�H ` M JC_��qK M�]�c ��I�H�oLK�^LM��_QK�^ ` MhI aCJ�M N K�a"^�K JL_lI�H ` H���]"M%� ]$c ] ` K J�a ` aLJ�JTH `
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T' � �"c K JL_CM N�K�K�c H ��H5JL_lIeH c H ��I�]��=a"^CH	� JC_=aLM��_ ` �_ 
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$':5 I�]��=c H	� _ �"H�^CH�I��_=IbK�K  "H ^"a0�4H�I�H�_=c HL_CM�]�_�I�H H ` M�H��3a"c M � _�K
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` ��K�^L]�_ ` �_  "H�J	�_CMvp��_4K"�5_ ��K�^�_CM NbK�' � ��^LJTH�IeJC_CM N K ` �_  =H ` J�IbK H�M N K � � _=c �"]�IbK M � a=c )  $a0���_7JL_�I�H ` �"a"^CH�M N K!a"^n^=a0�-�_=I c _
� � ^CM��_�� �"c _lIeH��

� _5J�H3^CH�� ]�c ] ` H ` J5^=a0�4H�IeHlc H _=c HL_CM�]�_lI�H�( � _5] ��I��_��5_  ��_  "Hnc�aCJ�I�a"IbK�' � H 
�H�JL_lIeH  �_CM��_4J��_=^� 3p=IeH	�
` �_ ` K"�3a"c��_�� a"^ � H�^C]��4H�^RJL_�I�HQ_�I�H ]d_��q_lI�H�^LM N �_�� � ^LM��_�� �=c��_CM�]�_lI�H��,H�c H ^LH ��]"Mn_�2haLM _�' ���_UpLH  =H	� a"^
HhG�H	� �"c�a'/m_lI�a"^LJC_�I�HL_Ra=^"a�K!oL_�I�.


 9�[�<+* -�� & :CB�< � A�B�{ � � � ������ @=A,:CB
<
� � 
 - -�� ) . ( -=/ ����* - � ��@�|=Y
;"[�����x�j=<�j 

A�B�{ � � H ` M�H3a"^n^=a0�-�_=I�� � ^LMhI�H � N` K 
��$^qK JLK ]� �_CM��_ 
�' :LB�< � A�B�{ � � � H ` M�H a"^n^"a��7�_=I�� � ^LMhI�H �*� � ^LMhI�H
� N` K$s
' � _CJ	�_5_  ��_=a����_�� &4]��CM N�K�^LH	�>a=^ ^=a0�-�_=I�� � ^LMhI�H ��� � ^CMhIeHn& N` K 
%/ HhG"_CJ�M JL_ a"^ oC_�I#�

� ��^ �=H�^LHlI _=c&�! �_CJ	�_ p=IeH � ` �_ ]��CM N�K�^LH	� ^"a��6HlIeH _=c HL_CM�]�_�I�H�� � ^ K�^LM�HlIep�_=c�a"c � - � � 
����#�_=I+�_ �$� ` JlI K H	�
� A�B�{ � � � 
 - � � � - '�5�H�^CMhI aU^"a0�4H�I�H�� � ^LMhI�H ��K
_��=c K J	�_�� _��q]�K :CB
<,'

9.2 � � ��� �
�
���

�

F;
 � � F�= ��*.
to randomize � _3K�^LMhI�]  $aLJ�H �q_CoC_�I  ?��� � ^LM��_�� �=c _�I�H

����
 D�� � ��*. A�|=B�{
j0�!:0/=[ 2 num 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

num
H ` M�H'/  �a����_RI�]"Mha"^�2 K�I�H-/ya"^�� � ^CMhIeH �%� � ^CMhIeH �QN` K 
�s"s�?�s��
_=c M�� H�c ` H5] �LM N�K�^CHnH�Ie]�_�I�H � ' � _CJ	�_

c K"� ` H"N` M�H���H ` M�H5J�]�^ ` K  =H�I _CM _ 
 �$'
A�|"B�{
j��!: /=[5JlIeHL_Co��_ ]

sămânţă
�
seed

� � ^ H�^��$c H�o	�_ 
 �q]�I�^qK�^   "H7c _ JC_�I�H ` H p�_ JC_=c J�a"c _3a=I �-�_CM�]$I a=c
^"a��7�_=I _=c HL_CM�]�I ' � a����_ A�|=B�{
j��!:0/"[Ra=I �5_CM  =H ]np�_=c ]�_lIeH3^CH�^"a=c��_�� ��I K"�3a"c!^"a��7�_=I _=c HL_CM�]�I ] �LM N�K�^=aLM  "H
c _ A�B�{ p�_ 
-� � ^CM�]"M  "HC_=a"^q_n_CJTH�c _�N` K �
A�|"B�{
j��!: /=[da=I �5_CM! "HRp�_=c ]�_lIeHL_�� � ` _=a�H�J��qK p�_=c H�^LM
�  "H ^qK JLK ]Qp�_=c ]�_lIeH 
 _lIeH a"^QH���H�J�M ` �qHTJLK�_=c&.

� ]$c ] ` H"N` M�H �qHl^LMhI�a �,F,F � p�_=c ]�_lI�HL_3J�a"I�H�^CM��_R_nM K"� �"a=c�aqK � ��]�c ] ` K�^  nA�|=B�{
j��!:0/"[!� ^=anpLH�M N�K!]��CM N�K�^LHUc _
 "]$a��_UI a=c��_=IbK _=c Hn_CJ�H�c�aqK�_�N` K ��I�]��$I _��>_CJ�H�c HL_�N` K H�� H�J�M�H�� ��H�^CMhI aRJ	�_3M K"� �"a=c�H ` M�H _=c Mha=c ���+DvK"� �"a=c�� ]$c ] ` K M
JL_7pq_=c ]�_�I�H ��H�^LMhI�a �,F,F � H ` M�H4M K"� �=a"c� "Hnc _ a"c M K"�5_ ��]�I ^�K�IeHn_4JL_=c J�a=c _CM�]�I a=c�aqK�' 

� H�I K 
�JL_CM N�K� �K � H�I�H�^LM N�_nI�a"c�� _=^�  =H � _�K � a=c M�H ]�IbK,a=I �-�_CM�]�_�I�H�c H H GqH	� �"c H�.


 A�|=B�{$j��!:0/=[ � ��@=A,:CB
< A�B�{ �Ux
j=<�j 



 A�|=B�{$j��!:0/=[ �
��� @=A,:CB
< A�B�{ �Rx
j=<�j ���


 A�|=B�{$j��!:0/=[��
��� @=A,:CB
< A�B�{ �Rx
j=<�j ���


 A�|=B�{$j��!:0/=[�� ��@=A,:CB
< A�B�{ �Ux
j=<�j 


9.3 Exerciţ iu rezolvat
��J�IbK H�M N K,a=^ ��I�]���Ib_�� JC_�I�H  �K ` MhI K"�=aqK H�� � ^LMhI � ]n]�I  �K�^CH5_=c HL_CM�]�_lIeH7JL_�Ib_CJ�M�H�I�H�c HUa"^=aqK N` K�I�'
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Rezolvare
� ]�� ��I�]�J�H  �_  �a����_5J�a��>a"I �4HL_Co	�_�.

&=' �"H�^CH�I+�_��Oa"^ ^=a0�-�_=I,_=c HL_CM�]�I�� � ^CMhIeHn& N` K c�a"^ ��K"�4HL_ N` K�I a=c�aqK�<
8$' ` J	��K"� ���_�� JC_�Ib_CJ�M�H�I�a"c,I�H ` ��H�JTM K pnJ�a J�Hlc� "H ��Hna"c M K"�5_ ��]"oLK M N�K H�<
?$' J�]�^ ` K  "HlI+�_�� N` K�I�a"c!JL_ 

K�^� � _�K ` Jla"I�M � JC_ ` �_ ^"aRI�HL_lI _=^�2��_�� a"c M K"�3a"c�JL_lI _CJTM�H�I 
3N` K IeH�c�a��_�� ��I�]	�
J�H  �a=I _�'

� A�|=B�{
j��!:0/"[

 9�[�< . &�� � �n{,:	� - � � . � �R9�[�< - � & � - � ( ��1�����0 2�� � ��
 .
����������/ )�*���' (�*�����)��jlA 2 &�� <�j . 
��
��� 9�[�< � & :CB�< � A�B�{ � � . 
!2 ��� ���� 
 A�[��!����� � (�0 2 
 � - 
 1���1�

1 .�/ 1���1
# � 9�[�< � �)& - � � � �#�
 9�[�< - � � . 
 2 � � � & � �& � 9�[�< - � � � � & � �
 � B�[���< 2

� N` _ �"aCM�H	� _��4H ` M�HTJL_nc K M�HlIeH�c H c _na=^�2�]�J  "H �!\ � ��� � � F;� ` _=a3J	�_=I�M N K�c H c _ a"^�2�]�J! "H5J��_=I�M NbK�<��"aLM�HTM N�K
K"�5_ ��K�^q_3N` K
_=c M�H _��=c K JL_CM N�K�K�'

9.4 � ��� �����

F;
 � � F�= ��*.
in � � � ^�_=a"^CMhI a��

key � M _ ` M��_
����
 D�� � ��*. :CB�~�[ � � 2 � cale 4\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
� H ` ��I�H�� ]$c ] ` K�IeHL_7J�a ��_�Ib_��6HTMhI a=c�� cale

pL] �  �K ` JlaLM _n_��qK�_0� � ^3\ _��qK M�]$c�a"c,&���'
:CB�~�[ ���5H ` M�H ]"� a"^CJ�M N�K H0�#�_=I��_ _lI �$a0�4H�^LM�H���JL_�I�H! ��_ JC_3IeHTo�a"c M _CM a=^ N` K�I � ��IbK"� _  "H5_CJ�H ` M1� Hlc ��H4JL_lIeH

]'� � ^Lp��_CM N �_�� 
�'nF�_ H ` M�H-� ]�_�I�M�H%� ]�c ] ` K M��_ � � ^nJL_  �I�a"c�2�]�J�a"IbK�c ]�I�� JL_lI�H ` a"^CM6_���I�]�_���H  =HR^LH�JT]�^LJTH	�"aCM'�#� _=I+�_
HL_�� J�Hlc H ` J�I K ` H�� � ^ ��������\ � ��K�^LH��h^LM N�H�c H ` 
�' F�� H�J�Mha=c ` �_=a�. :LB�~�[ ���5JLK M�H"N` M�H N` K,I�H�Mha"I�^LHC_Co	�_3M _ ` M _ _����_ ` _CM��_
M�]�J	�5_�K	� � ^ �4]��4H�^CMha"c�HhGqHTJ�aLM��_=I K�K K�^ ` MhI�aLJTM N K�a=^qK�K�' � _CJ	�_U^qK JLK ]RM _ ` M��_ ^"anH ` M�H _����_ ` _CM��_��	� � ^LM�]�_�I�J�H N` K�I a=c
^"a=c�����' � H  $aLJ�H �>J	�_ :CB�~�[ ������]�_CM�H IeH�Mha=I ^�_Ra=^�N` K�I J�aRc�a"^ ��K"�4HL_  "H3J�H�c �3a"c M a"^nJL_lI _CJ�M�HlI ' � _CJ	�_
�5_�K��3a"c M  "H4]5M _ ` M��_ _ � ] ` M _����_ ` _CM��_���K�_�I,J�] � ��K�^q_CM N K�_3^"a4H ` M�H a=^q_3^C]�I �5_=c��_ � \ � �

ceva ` _=a � �
�

ceva

 _CMha"^CJLK :CB�~�[ � � I�H�Mha"I�^LHL_Co��_3M�]"M N` K�I�a"c,^"a=cV'

5�H�^CMhI an:CB�~�[ � �7J�]$^LM�HL_Co	�_
cursorul de la editare

�  =HlN` K � � ^6M K"� �"a=c"HhG�H�J�aCM N K HCK ��Ie] ��Ib_�� a=c�aqK�Hlc
^=a
H ` M�H p�K oLK"�qK�c 
�����H�^CMhI a5J	�_  �_CJ	�_6_�� I��_��5_ ` � � ^ \ �85 � � �4\ E�� �4]� �a=clk 
���_CMha=^LJLK,N` K$:LB�~�[ ���4pq_!� � ^LM�]�_lI�J�H
�5_�2ha ` J�a"c H�� � \ a"I ` ]�I�a"c� "H4H  �K M _lI�H5H ` M�H4J�Hlc�JL_lI�H _�Ib_CM��_!� � ^ �4]��4H�^LMha=c�� � ^4JL_�I�H ` J�IbK H�M N K ��I�]��$I _��3a"c&�=J�a0�
` H4p�_ K�^CM�H�I ��IeH�M _Za"I �7�_CM�]�_lIeHC_ M _ ` M��_5_����_ ` _CM��_�' F!c�H ` M�H4]Rc K M�H�I��_ J�c K"�qK M�]�_�I�H�/ 9 � k � x � [ ` _=a4~ ' 
F=G ��H�IbK"�4H�^LM _CM N K�.


 @=A,:CB
< :CB�~�[�������� x�j=<�j 


` _=a
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 @=A,:CB
< |�<
� � ���T:CB�~�[ ��� � �Rx
j=<�j 


� M��_CM3:CB�~�[ ���RJ	�_CM N` K :CB�@=Y�< ` a=^LMnK�^ ` MhI�aLJTM N K�a=^qK JC_=IeH ��H�I � K M ��I�]��$I _��3a"c�a�K ` �_UM N�K�^��_UJ�]$^LM  "HQK�^
�
M�H�I�pLHl^LM N K�_� �K�^QH GqM�H�IbK ]�I6_ aCM K�c K oL_CM�]�I�a"c�aqKC� � ^RM K"� �"a"c HhGqHTJ�aLM N K HLK�' 5�H c��_=^��,�_ H�c H � _�K H GlK ` M��_U] ` K�^��$a"I��_
K�^ ` MhI aCJ�M N�K�a=^LH  =H5_CJ�H ` M M K"�$�!:CB � �qH4JL_lI�H6]3pC]��� �K ` J�aCM _�� � ^ \ _���K M�]�c�a"c!&�
�' � � ��^CMhI&��] ]�_�I�H�JL_lI�H �7�_ ` a=I+�_6N` K
@�|=Y$;=[nH ` M�H4] _ ` M�� H�c� "H3K�^ ` MhI�aLJTM N�K�a"^CH"' 
 ���_ pLH  =H	� JL_lI�H ` a=^LM  �K ��H�IeHl^LM N�Hlc H  �K�^CMhIeHn:CB�@=Y�<ZN` K :LB�~�[ ���?.

:CB�@=Y
< :CB�~
[ ���
H

comandă
H

funcţie_�N` M�HL_��LM�� _5K�^LMhI�]0 $aLJ�H�I�HL_RK�^
��]�I �5_CM N�K�K�c ]�I�< ��I�]	�
�$I _��3a"c=^"a J�]$^LM K�^=a��_ ���_=^��_ J�H _CJTHL_ ` M _3^=a ` � _
�#�_CJ�aLM

^"ad_�N` M�HL_��CM��_Q_����_ ` _�I�HL_ a"^LHCK M _ ` M�H�� JLK MhI�H�J�H
�5_�K� "H	��_�I�M�H

��H�^CMhI a _dp�_=c K  �_ IeH�ola"c M _CMha"c MhI�H	�"a�K H _����_ ` _CM
\ �
��]�_CM�H4JLK M K$]�IbK J	�_CM�H4JL_lI _CJTM�H�IeH ��]�_CM�H4JLK M K!J�Hlc��3a"c M a=^ JL_lIb_CJ�M�H�I
��]�_CM�H4H�p�_=c�aq_3H G ��I�H ` K�K�c HnK�^LMhI�]� �a ` H � �#�_=I+�_
9!:CB�[ 


� � ^LM�]�_�I�J�H5H Gl_CJ�M M _ ` M _5_����_ ` _CM��_

��_CM��_4] ` H�J�pCH�^LM N �_  "H K�^ ` MhI�aLJ�M N K�a"^qK!JC_�I�H ��H�I � K M�H5JT]�^LM K�^=aq_lIeHC_nHhG�H�J�aCM N K HCK ^"a0�5_�K c _ _����_ ` _lI�HL_5M _ ` M�HLK

 � � _�2 a ` J�a"c��_ 

�!c�aLJlI anJL_lIeH3^=a ��]�_CM�H 
 IeHC_=c K oL_CM ^�K JLK$J�a :CB�@=Y
<;�!^�K JLK�Jla @�|=Y$;=[;.

����� :	� :CB�~�[ ��� & �TB��d<���["B x
j=<�j �����
�*��� x�j=<�j �����

` _=a

����� @�|=Y
;=[���� : � :LB�~�[ ���"�� 
�TB � <���["B x
j=<�j
���*�

9.5 Exerciţ iu rezolvat
��J�IbK H�M N K,a=^ ��I�]���Ib_�� JC_�I�H ` �_ �5KeN` M�H5a=^ ���_CMhI��_CM N�H�c ��H5H�J�Ib_=^nJ�a _�2haCM�]�I a=c
_ ��_CMhI a5M _ ` M�H�.

` M��_=^ ��_ s
 �I�HL_��LM _ �
` a ` �
2�] ` 


� _�� _=c H ` J	��K�_�I M _ ` M�Hlc H6Jla J�a=I ` ]�I a=c 


Rezolvare� ]�a��_3c�aCJ�I a=I K � _�K ` a0�LM K�c H ` H ���_ ` H ` J � � ^ _CJTH ` M ��Ie] ��Ib_��A.
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&=' ^"a4MhIeH	�=aqK H ` �_ ��H�I �5K M�H	�  "H	�=c _ ` _lIeHL_ ���_CMhI��_CM N�H�c�a=c�aqK� �K�^LJ�]$c ]  =H �5_�I ��K�^CH ��_ ` M _0� _CJ4c K�^qK�K�c H 8�����8�s��
?0����?ls�
�<

8$' ]  �_CM��_  "H	�=c _ ` _CM!���_CMhI��_CM N H�c�a"c&�!p�_3MhIeH	�=aqK ` �_��hc
N` M�H�I �=H	�  �K�^ pCH�J	�CHL_ ` _ ��]"oLK M N K H"' � _U_ ` M _"� ]�c ] ` H ` J
pq_lI K�_���K�c H�c H ��| � ��|;��JL_�I�H5M N�K�^ �5K�^LM�H7a"^� =H ` H5_�@$_7H�c � _�K �h^q_�K�^CM�H"'


 9�[�<�'�&���� 9�[�<+(�&�� �nA�[�� ( ����� � �=.�-=/ 1���1 2 . 2 / 2 - ��1� 9�[�<�' - & ' �R9�[�<+( - & ( �UA�[ � ( ����� � �".�-=/ 1���1 -=.�/ 1 � 2 ��-�� 1
�
��� @=A,:LB�< |�< ( � ' �U@�|�@�[=A���� �!���R|�<�( - � ' - �R@�|�@�[=A���� ������)��jlA 2 &�� <�j 
 �nB�[���< 2��UA�[ � � )!( � - ��1 2 .�/
-�� *,2�1 � 1
� 
 9�[�<�' - & ' �R9�[�<+( - & (
� �
��� : �%'�& # � <��
[=B x�j=<�j!� �
��� : � :LB�~�[ ���)& �	" � <���[=B 9�[�<%'+&�'�� � �Rx
j=<�j
���
� #
� 
 : �%'�&
� <���["B x
j=<�j # �
��� : � :LB�~�[ ���)& � 
 � <���[=B 9�[�<%'+&�' 
 � �Rx
j=<�j
���
���
# � : �%(�&
��� <��
[=B x�j=<�j #��
# � : � :LB�~�[ ���)& � � � <���[=B 9�[�<%(+&�(�� � � x�j=<
j ���
#�#
#�
 : �%(�&
� <���["B x
j=<�j & �
# � : � :LB�~�[ ���)& �	� � <���[=B 9�[�<%(+&�( 
 � � x�j=<
j ���
& � x�j=<
j �*�

5 Ie] ��Ib_�� a=c
JLK J�c HC_Co	�_-� � ^��4]  ^L]�I � _=c�� � ^LMhI�HQc K�^�K�K�c H�8�� ��E���' 
 a�� _�K  �_CJ	�_ ` � _R_����_ ` _CM4]QM _ ` M��_QN` K
J�]�]�I  "]�^�_CM�H�c H ` � _=a �6]� �K 
�JL_CM ` HnMhI�H�J�H ��I K�^Qc K�^�K�_ &��QN` K ���_CMhI��_CM N�H�c�a"c ` H  =H	�"c _ ` HL_Co	�_�' � a"c _CM N K �hc N` K��#� _=I+�_
c K�^qK�_U&L8$'

9.6 Exerciţ ii
&=' ��J�IbK H�M N�K
a"^!��Ie] ��Ib_�� JC_�I�H!� K�N` J	�_ _=c HL_CM�]�I,a=^7� � �6]$^ ` MhI a ) ��H H�J�Ib_=^�' � M�H�^CM N�K H c _ K H"N` K�IeHL_  �K�^ HTJ�I _=^�'
8$' ��]�c ] ` K�^� ���I�]��$I _��3a"c�_=^LM�H�IbK ]�I N` K�H GqH�I�JLK M N K�a"c!I�H�o�]�c p�_CM
� ` J�IbK H�M N�K a"^�2�]"Jla"c H�M N JL_=IeH ` �_ ` H! "H ` �#�_�N` ]�_=I�H
_ ` M�� H�c&. �6]$^ ` MhI�a"c ` H �5K�N` J��_3_=c HL_CM�]�IvK�_�I H�a�� � ^CJ�H�I�J ` �_ �-�_ ` a���I _��=a"^���H ` M�HnH�c&� aLM K�c K o��_=^� ��_CMhI a
M _ ` M�H"'1D N�K�^CH�M N�K N` K a"^���H�c  =H ` JT]�I �  =H5HhG�H	� �=c�an^"a��7�_=I a=c  =H �3aLM��_=I K 
T'
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Chapter 10

Din nou culori ş i ş iruri

� H �3a"c M HlI _��  �_CM�]�I K$J�anK�^ ` MhI�aLJTM N K�a=^qK�c H  =H5J�a=c ]�_lIeH"' � � ��I�H�o�H�^CM _CM
�,J�H�� K  �I�H	�CM
�
@�|�@�[=A N` K :LB�~ �� �_lI
_��qK�_3_CJ�a��>c H�� � ^
�3�_CM N�K�N` �_�� ��H4M�]�_CM�H=' � ��]�K
pL] � � � ^Lp��_CM N�_UN` K!_=c M�H3c�aLJ�I�a"IbK,K�^LM�HlIeH ` _=^LM�H"'

�
:LB���[=A
;"[ ��H�^LMhI�a _ K�^CpLHlI ` _3J�a"c ]�IbK�c H�<

�
z"A,:�x���< ��H�^CMhI a��"aCM N�K�^��_ ` MhI+�_=c�aLJLK�I�H�<

�
��9�|�; ����H�^LMhI�a _4J�c K"�qK�<

�
j ��[=A���H�^LMhI�a ` a���I _��=a"^LHlI K� "H5H���H�J�M
<

�
<
j ��H�^CMhI aRc�aCJ�I a=c�J�a ` a0��N` K�I�a"IbK�<

�
��|�9���H�^CMhI a _7MhI _=^ ` � ]�I � _3N` K�I a=I K�c H  =H5JL_lI _CJTM�H�IeH0� � ^5HhG���IeH ` K�K�<

�
 "H ` ��IeH���]�I �5_CMha"c"H G ��]�^CH�^LM N K�_=c� "H ` J�IbK H�IeH3_n^=a0�4H�IeHlc ]�I '

10.1 � ��� � � � �

F;
 � � F�= ��*.
inverse � K�^LpCH�I `

����
 D�� � ��*. :CB���[=A$;=[
mod` _=a�� � ^CMhI&��] K�^ ` MhI aCJ�M N�K�a=^LH5@=A,:CB
< ` _=an:CB
@=Y�< ` _=a �$I _ 
�J	�_ � \ _���K M�]�c�a"c,&L8�
�'

\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.

mod ` HnI�]"Mha"^�2�H"N` M�HQc _3J�Hlc �5_�K,_���Ie] �qK�_CM1� � ^CMhIeH �
''D I�H	�=aqK H _���]�K ` �_ 
�H � ` _=aQ&�� _=c M�� H�c ` H3]��CM N�K�^LH
H�I�]�_lIeHC_ Ev'

45]� �a=c� =H�� ]�c ] ` K�I�H6_=c!c�aqK :CB���["A
;=[nH ` M�H _CJ�H�c _�N` K�J�an_=c
c�a�K :CB�~ N` K!@�|�@�[=A . 
�H  $IeH �LM JT]��5_=^� ��_4J�a
H�� HTJ�M ��c ] �q_=c&��
�H�� � ^LMhI ��] K�^ ` MhI�aLJ�M N K�a"^CH5@=A,:LB�< ` _=an:LB�@=Y�<nJ�a5H�� HTJ�M4c ]�JL_=cV'
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:CB ��[=A
;=[��UH ` M�H ` M _�I�HL_ ^L]�I � _=c��_  =HnM K"���_=I K�I�H"'U:CB ��[=A
;=[�� H ` M�H ` M _�I�HL_ K�^CpLHlI ` _CM��_�'RF�� H�J�Mha=c c�aqK
:CB���[=A
;=[ �UH ` M�H  "HQ_UM K"���_=IbK �qK G�H�c K�K JL_lI�H�MhI�H	�=aqK HRM K"���_=I K M N�K,� � ^ :LB�~dJL_ ��K GqH�c K � � ^ J�a=c ]�_lIeHC_Q@�|�@�["A N` K
K�^LpCH�I ` '�� M�H�^CM N�K H�.Z^"aQJ�a=c ]�_lIeHL_ ` H ` J	��K"� ��_�� JLK JL_lIb_CJ�M�H�I�a"c M K"���_=I K M�' � _CJ	�_ c K M�H�I _ �9� � ^ :LB���[=A
;"[!�
_lI _CM��_5_�N` _�.

_CMha"^CJLK � � � ^n:CB���["A
;=[ �5_lI _CM��_5_�N` _�. � � � � � ^CJL_  �Ib_CM4c K M�H�Ib_�� � ^LMhI �fa=^ J	�CH�^q_lI JL_ ` �_ ` H4p�_  ��_5J�Hlc H � � �
���_CMhI+�_CM N�Hlc H ��H5JC_�I�Hnc H4]�J�a0���_�' 


D,H ` M _CM N K�.

9�[�< - � & �C<�[�;"<�� �R@"A,:CB�< :CB���[=A
;=[!� � - � � :LB���[=A
;"[ �
� - � �

10.2 � � � � � �
F;
 � � F�= ��*.

bright � ` MhI��_=c�aCJLK M�]�I
����
 D�� � ��*. z=A,:�x��
<

nr` _=a7� � ^ JL_  $I a=c c�aqK @=A,:CB�< ` _=a :CB
@=Y�< ` _=a ] K�^ ` MhI aCJ�M N K�a"^CH ��Ib_ 
�J	�_ � \ _���K M�]	�
c�a=c &L8�


\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.

� ��^6a=I �5_4I�]"Mha=^ 2 K�I K�K
nr
MhIeH	�=aqK H ` �_ 
�H ����& ` _=a � / _=c M�� H�c ` H �"H�^CH�I�HL_Co	�_ H�I�]�_lIeHL_-E 'Cz"A,:�x���<�� H ` M�H

` M _lI�HL_ ^L]�I � _=c��_�'n\ _�Ib_CJ�M�H�I�H�c HnM K"���_=IbK M�HnJ�a z=A,:qx���< �npC]�I 
)� _�K ` MhI+�_=c�aLJLK M�]�_�I�H ��_CM��_CM @�|�@�[=AQJ	�_CM N` K
:CB�~$�ha"c!c ]�I 
�' z=A,:qx���<�"���JL_ N` K$@�|�@�[=A�"8� � ^ ` HC_�� ^��_4MhIb_=^ ` �q_lIeH�^CM
. a"^ JC_�Ib_CJ�M�H�I M K"���_=I K M J�a z=A,:�x��
<!"
p�_ ���_ ` MhIb_ ` MhI+�_=c�aLJLK�I�HL_ ���_CMhI��_CM N�H�c�a=c�aqK  "H �qH4H�JlI _=^8� � ^5JL_lIeH7H ` M�H ` JlI K ` '
� H  "H�M N�K� �K � H�I�H�^LM N�_�.

Notă
. a=^LH�c H � \?�ha"IbK�� _�K�pCH�J	��K ^"a �q]=M _ 
 N` _ ` MhI+�_=c�aLJLK�IbK� �K � H�IbK M�H"'

9�[�< - � & �C<�[�;"<�� �R@"A,:CB�< z=A,:qx���<!� � - � � z=A :�x���< � � - � �
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10.3 � ��� � �
F;
 � � F�= ��*.

flashing � J�c K"�qK M�]�I
����
 D�� � ��*. ��9�|�; �

nr` _=a7� � ^ JL_  $I a=c c�aqK @=A,:CB�< ` _=a :CB
@=Y�< ` _=a ] K�^ ` MhI aCJ�M N K�a"^CH ��Ib_ 
�J	�_ � \ _���K M�]	�
c�a=c &L8�


\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.

� ��^da"I � _ Ie]=Mha"^�2 K�IbK�K��
nr
MhIeH	�=aqK H ` �_ 
�H �,� & ` _=a � / ` _=a ` H �=H�^LH�I�HL_Co	� _QHlIe]�_�I�H E ' ��9�|�; ���

H ` M�H ` M _lIeHL_Z^L]�I � _=c��_�<�JL_lIb_CJ�M�H�I�H�c H M K"���_=IbK M�H5J�a ��9�|�;	���5pC]�Iv_=c M�H�I�^q_UJL_��  "H  "]$a��_ ]�I K ��H ` H�J�a"^  ��_
J�a=c ]�_lIeHL_3@�|�@�[=A$�ha"c�a�K,N` K!_ :LB�~��ha"c�aqK�� ` J	�qK"� ���_=^� $a
�hc H�� � ^LMhI�H4H�c H"'
��9�|�; ��"0� � ^ ` HL_��3^��_ MhI _=^ ` �q_lI�H�^LM N �_�. ���_ ` MhI _lI�HL_ ��9�|�; ���fa=c�aqK ���_CMhI+�_CM N�H�c�a=c�aqK�� � ^4JL_lIeH ` H0� _CJ�H M K"���_=I K�I�HL_�'

��9�|
; � � � k=9�;

p�_�� _CJTH a=^ H�JlI _=^3J�c K"�qK M�]�I�'

10.4 � � � �
F;
 � � F�= ��*.

over �  "HL_ ` a0��Ib_����
 D�� � ��*. j���[=A
mod` _=a7� � ^ JL_  $I a=c c�aqK @=A,:CB�< ` _=a :CB
@=Y�< ` _=a ] K�^ ` MhI aCJ�M N K�a"^CH ��Ib_ 
�J	�_ � \ _���K M�]	�

c�a=c &L8�

\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
� J�HL_ ` M _3H ` M�H ` K�^���a=I _nK�^ ` MhI�aLJ�M N�K�a"^CH5JL_lIeH ��H�I �5K M�H ` �_ ` H4M K"���_=I�HL_ ` J	�_7J�H�p�_ ��H5HTJ�I _=^-�#�_=I+�_ _ N` M�H�I �"H

J�H�HC_RJ�HnH�Ib_%� � ^ _CJ�H�c c ]�J�� _�K�� � ^q_�K�^CM�H"' mod
MhIeH	�=aqK HU]  �_CM��_ZIe]=Mha"^ 2 K M ` �_ 
�H � ` _=a &�� _=c M�� H�c ` a"I�pqK�^CH

H�I�]�_lIeHC_ Ev'!j ��[=A�� H ` M�H ` M _lIeHC_n^C]�I �5_=c��_! =H5M K"���_=I K�I�H"'�DvK"���_=IbK�IeHL_0� � ^nj���[=A �7_CJ�M N�K ]�^CHL_Co	�_  $a0���_3J�a0�
a"I �4HL_Co	�_�. 

HTJL_�I�H  �K�^ �"a=^LJ�M�Hlc H5JL_lI _CJ�M�HlI a=c�aqK�JL_lI�H ` H M K"���_=I�H"N` M�H ` H ` a���I _��=a"^LH4J�a �"a=^LJ�Mha=c"JL_lIeH ` H _�@
_
��H5H�J�Ib_=^*� � ^ _CJTH�c,c ]�J���JL_ � � ^5M _���H�c�� ^C]"M��_�� J�a � �=a"^LJTM�H�c H*� � ^ 5 �85 F �QN` K$J�a�& �=a"^LJTM�H�c H*� � ^ ��
�E 
�.

Punctul iniţial Punctul tipărit Rezultat� � �
& � &
� & &
& & �

� ��^5c K"� ��_�2ha=c"c ]���K JLK�K�]5_ ` M�� H�c	 "H'� � ` a0��Ib_��"a"^CH�I�H
) ` H4^=a0�4HlN` M�H sau exclusiv
' � �_ pCH  =H	� N` K$a"^  "H ` H�^

�-�_=IbK M
�	 "H  =]�a��_ c K M�H�IeH ` a0��Ib_��"a ` H*� � ^ j���[=A ��.
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� �

� ^ ` J�a=IeM ` Mha� �K�a _ ` a0��Ib_���_�I�M K J�a"c _lIbK M��_CM N�K�c ]�I c�a�K,j ��[=A � ^LH3pq_3_�I��_CM _7J	�_���M K"���_=I K�^   "H  "]$a��_7]�IbK	� � ^
_CJ�H�c _�N` K,c ]�J3a"^3JL_lI _CJ�M�HlI ]�_lIeH�JC_�I�H���pC]�� ] �LM N�K�^LH4J�HTHL_nJ�H ` H _�@
_ _CJ�]$c ]*� � ^q_�K�^CM�H ^CH ` J��qK"� �q_CM �

� ��^LJ�H�I�JL_CM N K�.

@=A,:LB�< |�<�� � �����L|�� � j���[=A � �@=A,:LB�< |�<�� � ����� - ����@�|=Y
;=[����@=A,:LB�< |�<�� � ����� - �

10.5 � �
� J�HC_ ` M _ ^"a H ` M�H4] K�^ ` MhI�aLJ�M N K�a=^LH�� � ^ ` H�^ ` a"c� �_CM � � ^4JL_��qK M�]$c�a"c���' �
HL_��7�_=^��_ ]�_lI�H�J�a0� J�a5]-� a"^CJ�M N�K H ` _=a
J�aUa"^ ] ��H�I _CM�]�I�'4F�_ ` H"� ]�c ] ` H"N` M�H ��H�^CMhI a _7HhG�MhI _ �=Hna"^ ` a0��N` K�I  �K�^CMhI&��] p�_=c ]�_lIeH! =H5M K"� N` K�I�' ��]�I �5_4HLK
 "H"� ]�c ] ` K�I�H H ` M�H�.

sir
� �

n
� D�� �

m
� 


� J�HL_ ` M��_4H G ��I�H ` K H8� � ^ ` HL_��3^��_�.

�
a"^ N` K�I?��]�I �5_CM  �K�^4JL_lI _CJ�M�HlIeH�c H4J�Hlc�aqK�K�^�K M N�K�_=c�c�a�_CM�H � � ^LMhI�H J�Hlc"J�a3^"a0�-�_=I�a"c

n
N` K=J�H�c"Jla ^=a0�-�_=I�a"c

m
<

�
 �_CJ	�_

n
c K"� ` H"N` M�H�. N` K�I a=c� "H3c _ ��I K"�3a"c ���_=^��_7c _7JL_lI _CJ�M�HlI a=c m

<

�
 �_CJ	�_

m
c K"� ` H"N` M�H�. N` K�I a=c  =Hnc _4JL_lIb_CJ�M�H�I�a"c n

���_=^��_3c _ ` �3�_=I N` K M
<

�
 �_CJ	�_3c K"� ` H ` J _��-�_=^  "]$a��_�. N` K�I�a"c � � ^�� � ^LMhI�H ��K"�6H � pC]�� pLH  "HL_ ��I K�^5J�H  �K � H�I��_ - �  "H - � � <�j � 

<

�
 �_CJ	�_

n
�

m
. ��� �fN` K�I�a"c,^=a"c 
�<

�
 �_CJ	�_

n � m
. - � � n <�j

m � H ` M�H - � � n � '

F!Ie]�_�I�HL_3? ` H4]��CM N�K�^LH ��H�^CMhI aRc K"�5K M�H5^CH ��_CM K pCH ` _=a ` a0��H�IbK ]�_lIeH c�a"^���K"� K�K,N` K�I�a"c�aqK �  �_lI �
� ��
�'

���_7K�c�a ` MhI��_���.

9�[�< - ��&�� - � (���1����
_CpLH �>a"I �7�_CM�]�_lIeHlc H H ��_=c K M��_CM N�K � JL_lI�Hn^"a3J�]�^ ` M K MhaqK H a"^ ��I�]��$I _�� ��� ����\�

.
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- � � <�j # � & - � � � <�j # � &�� - � (��- � � � <
j � & - � � � <�j � � &�� � ( ��1����- � � <�j � & - � � � <�j � � & - � � � <
j � & - � � <
j � � & - �)&�� - � (���1����- � � # <
j # � & - � � # � & �=(��- � � " <
j � � & ���- � � � <
j " � 
 1 �
��- � 1 #- � � � <
j # � 
 1 �
��- � 1 #
5 aLM�H	�9� ]$c ] ` K�<�jnN` K���H�^LMhI�a5_ HhGqMhIb_ �"H4a=^ ` a���N` K�I _=c"a=^LHLK=p�_�IbK�_��qK�c H  �K"�4H�^ ` K ]�^�_CM�H � �5_CMhI K JTH 

<=HhG"K ` M��_

 "]$a��_ �6]� $a"IbK� =H _ ` J�IbK H a=^ ` a0��N` K�I .

{ :	� - � � 
 � 
 � ��� �- � � � � � � & <�j � � & - � � � � � ��� & <�j � �

10.6 Exerciţ iu rezolvat
��J�IbK H�M N K a"^���I�]��$I _�� JC_�I�H ` �_ Ie]=M�HL_ ` J��_Ua"^ c _=^LM N  "HnJC_�Ib_CJ�M�H�I�H � J�Hlc HnJL_�I�HnK H ` ��IbK�^ ` M��_=^���_ ` �_3K�^LMhI�H*� � ^
 �I�HL_��CM _ 
�'

Rezolvare��]�_lI�M�H ` K"� �=c�a$��� ]$c ] ` K�^� 3<
j�.


 9�[�< - ��&�� 
 ��
 
 ��
 
 ��
 
 � 
 
 ��
 
 ��
 
 � �
� A
[�� - � -�� 1 # � �
1 ( -���- ( / 1 � 1
��� @=A,:LB�< |�<
� � ��� - �� 
 9�[�< - �)& - � � # � � � - � � <�j # � ���� @�|=Y$;=[ 
 �Rx�j"<�j
���

� ]�� ` J�IbK H _CJ�a0�Oa=^ ��I�]���Ib_�� � JL_lI�Hn^"a�� K��"a=^ c _ ^qK"�5K J6_=c M�J�H�p�_  "HTJ	�_CM c _5K�c�a ` MhI _lI�HL_Uc�aqK$<�j�
 JL_lIeH
p�_ �5KeN` JL_ ��H5H�J�Ib_=^Ra"^ ` H	�3^�� � ^5M�]�_CM�H5J�H�c H5] �LM  �K�IeH�JTM N�K�K���Jla _�2haCM�]�I a=c
_3]��CMvM _ ` M�H  �K � HlI K M�H"' � _CJ	�_5p�_
K H"N` K� �K�^5H�JlI _=^���p�_5_����_=IeHL_!� � ^ ��_�I�M�HL_7]��"a ` �_�' � ]�� �=c _ ` _ ` H	�3^"a"c�� � ^LMhI �ha"^ N` K�I,JL_lIeH4]�J�a0���_4M�]=M H�J�Ib_=^"a=c&�
��H5JL_lIeH �fc�pL] � M K"���_=IbK �6HlIeH�a�' � ]�� �6]� �K 

JC_! "]�_�I c ]�J�a=c�JC_�Ib_CJ�M�H�I�a"c�a�K�� � ^4JL_  $I a=c N` K�I�a"c�aqK�' ��_CM��_ ��H�^LMhI�a
� � ^CJ�H	�=aLM4a"^3M _���H�c&��JL_lI�H _�Ib_CM��_ J�a3J	�_CM pq_lI K�_Co��_ ��]"oCK M N�K�_ ` H	� ^=a"c�a�K �qHl^LMhI�a 
�H�JL_lIeH  �K�I�H�J�M N�K H  "H �5KeN` JL_lI�H�.

Direcţia Tasta Variaţia` a ` & �
?=8
` a ` �  �I�HL_��LM _ 8 �
?$&
 �I�HL_��LM _ ? �3&
 $IeHL_��CM _�� 2 ] ` E �6?=?

2�] ` s �6?=8
` M��_=^���_��&2�] ` 
 �6?$&
` M��_=^���_ � � &

` M��_=^ ��_�� ` a ` � �
?=?
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[=B 9�[�< - �%& - � � #�# <�j � � - � � <�j # � ���� :	� :CB�~�[�����&��	� � <��
[=B 9�[�< - �%& - � � # � <�j � � - � � <�j # � �# � :	� :CB�~�[�����&�� # � <��
[=B 9�[�< - �%& - � � ��� & � � - � � <�j���� # �& � :	� :CB�~�[�����&�� & � <��
[=B 9�[�< - �%& - � � � ��� <�j � � - � � <�j � ��� �
 � :	� :CB�~�[�����&�� 
 � <��
[=B 9�[�< - �%& - � � � � # <�j � � - � � <�j � ��� �� � :	� :CB�~�[�����&�� � � <��
[=B 9�[�< - �%& - � � � � & <�j � � - � � <�j � � # ���� :	� :CB�~�[�����&��	� � <��
[=B 9�[�< - �%& - � � � <�j � � - � � � �"�� :	� :CB�~�[�����&��	" � <��
[=B 9�[�< - �%& - � � # & <�j � � - � � <�j #�# ���� @=A :CB�< |�<�� � ��� - ������ x�j"<�j ���

� _CJ	�_  "]�IbK M N�K ` �_ ` H ` K oL_CM N K���I�]�JTH ` a=c� "H5M K"���_=IbK�IeH5_=c�_CJ�H ` Mha�K N` K�I H�^C]�I ����MhI _=^ ` � ]�I �5_CM NbK c K�^qK�_ �0�0� � ^�.

�*� @"A,:CB�< @�|�@�[=A A�B�{ � " � :CB�~�� �Q|�<�� � ��� - �

���_ � _�K ` �"a=^LH	� J��_CM�H4J�H�p�_  "H ` ��IeH7<
j�.
D,]"M _�N` _nJ�a�� �=aLM�H	�>J�]$^ ` K  "H�Ib_ � � � # � JL_np�_�IbK�_��qK�c��_  =H ` K�^CH�� ` M��_CM��_CM�]�_lIeH � J��_=^� RHhG"K ` M��_3pq_lIbK�_��qK�c _N` K�I � � 

� J	�_=IeHCK�_��=aLM�H	� ` �_�� K _CMhIbK"�"aqK"�  �K pLH�I ` HRp�_=c ]�I K�� M�]=M5_�N` _ �=aLM�H	� ]���H�Ib_RJ�a ���_=I�M N�K  "HRpq_lIbK�_��qK�c��_

N` K�I HhG�MhIb_ ` HQJ�aQ<�j!' � MhIbK"�"a�K�IeHC_ ` H���_CJ�HRM�]"M � ����I�]�J�a ` M�HL_=^ )�� � � ^ ` H�^ ` a"c J	�_R_CMha"^LJCK J	�_=^  a"^"a�K ` a0��N` K�I
 �K�^CMhI&��]3pq_lI K�_���K�c��_3N` K�I K ` H5_CMhIbK"�"a�K H6]7pq_=c ]�_�I�H N` K�I ��_CJ�HL_ ` M _5H ` M�H6_  $a ` �_3c _7c�a"^ ��K"�4HL_ ` a���N` K�I a=c�aqK�� 
�H ��I K�^
MhI�a"^LJ��qK H�I�H�� 
�H ��IbK�^ a�� �=c H�IeH4J�a ` ��_CM N�K�K�'�� ^5HhG�H	� �"c�a�.


 9�[�< - �%& ��k - ��(�)
� -=/ ��� � 1 � � �=.�- � �
��� 9�[�< - � � ��� <�j � & �C)
� �
k!" 
 1 ��/ 1 � ) . ���� @=A :CB�< - �
# � 9�[�< - � � <�j � &�� % � � @=A,:CB
< - � ��� % �
J�a3H�� H�J�Mha=c ��H5H�J�Ib_=^

k - ��(�)
� -=/ ��� )
� �
k�" 
% %
� J�HL_ ` M _3^LH5_lI _CM��_ J	�_  �K�^nN` K�I�a"c �L)
� �
k!" 
 1 �q/ 1 � ) . � ` � _ ���_ ` MhI _CM ^=a0�5_�K�_CM��_CM J	�_CM�� � ^CJ	�_���HL_!� � ^

- �  "HUc _R&"&nc _ ` �#�_=I�N` K M�' � H _ ` H	�6Hl^LHL_��,9�[�< - � � <�j � & ("1=* - ���_ ` MhI�HL_Co	�_nc�a=^���K"�4HL_Zc�aqK - ��� ` ��IeH
 "HT] ` H �qK�I�H  =H59�[�< - � & ("1=* - �=JL_lIeH0� � K� ,�_3c�a�K - �Uc�a"^ ��K"�4HL_ c�aqK (l1=* - '

10.7 � � �
F;
 � � F�= ��*.

VALue � pq_=c ]�_�I�H
����
 D�� � ��*. ��|�9

sir\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
��|�93H ` M�H5a"^�_! �K�^CMhIeH J�H�c H �5_�K��"aCM�H�I�^qK J�H K�^ ` MhI�aLJ�M N�K�a"^�K���������\ '�5 aLM N K�^CH5c K"� �q_�2 H _=a6]8� a=^LJ�M N K H6_CM��_CM

 "H5K�^CM�H�IeH ` _=^LM��_��� �_lI ^"an^CH4pL] � �q_CM�H JL_��"a=c
_�K JLK� �K ` J�aCM��_=^�  =H4J�H"' F�_ ��IbK"�6H"N` M�H JC_ _lI �$a0�4H�^LM a"^ N` K�I
 "H7JL_�Ib_CJ�M�H�I�H N` K,I�H�Mha"I�^LHC_Co	�_Ua=^ ^"a��7�_=I '
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��|�9%� � N` K�JL_=c Jla"c HL_Co	�_UIeHTo�a"c M _CMha=c
J�]$^ ` K  =H�I��_=^� N` K�I�a"c ��I K"�5K MvJC_ �qH a"^�N` K�I  =H JC_�Ib_CJ�M�H�I�H JTH  =H ` J�IbK H3]
HhG���IeH ` K H JlaQIeHTo�a"c M _CMn^=a0�-�_=I�� �qHUJL_lIeHn]RH�p�_=c�aLHL_Co��_�� � _CJ	�_QN` K�I�a"c ^"a�_lI�H-� ]�I �5_Ua"^CHLK HhG���IeH ` K�K�� pL] �
]��CM N�K�^LH5HlIe]�_�I�HL_ \ '

F=GqH � �=c H�.

Comanda Efect@=A :CB�< ��|�9 �	� # & � 8"?�E
@=A :CB�< ��|�9 �	� � 
 ��� � &�E
9�[�< - &�� # ��@"A,:CB�<���|�9 �=:CB�< - 
�� � & � 80��'�

@=A :CB�< ��|�9 ��;=x"B � � � �	��|�9 ��� 
�� ����� �
@=A :CB�< ��|�9 � - � � H�Ie]�_�I�Hn\
9�[�< - �%& � ��|�9 - � � ��@=A,:LB�<���|�9 - � �"c ]�J	�LHC_Co	�_OJC_=c J�a"c _CM�]�I�a"c'� � ^LMhI � ] �"aLJlc��_>K�^��


 ^�K M��_���JC_�I�H ` H pq_ M�HlI �5K�^q_ ]  �_CM��_ J�a �6H	�4]	�
I K�_��!_ 
 N` �_=^  ]nH�I�]�_lI�H

� M�H�^LM N K H�. � _�K ` a ` ��� � ^CMhIeH �,�qK�c K"�4H�c H��!_CpLH	�OJL_lI _CJTM�H�IeHlc H�.5:CB�< � ��|�9 � ;"x=B N` K ^"aQN` K�I a=I K�c H%� ]�I � _CM�H
 �K�^n_CJ�H ` M�Hnc K M�H�I�H$�

10.8 Formatul ş tiinţ ific (exponenţ ial)
5�Hl^LMhI�a�^=a0�4H�I�H�c H'��]�_lIeM�H �5_�IbK ` _=a'� ]�_�I�M�H � K JCK���JL_=c J�a=c _CM�]�I a=c _  =]��LM��_5] �6HTM�]  ,�_ ` ��H�JLK�_=c��_  =H _ 
 N` _lIeH
_7pq_=c ]�IbK�K�' � J�HL_ ` M _%��]�c ] ` H"N` M�H  "]�_�I �3JCK � IeH ` H	� ^�K 
�JL_CM K pLH='*
 a0�-�_=I�a"c"H ` M�H ` JlI K ` ` a0�'��]�I �5_�.

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

� � � �
� �
� � ` a"^LM4^=a0�4H�I�H�� � ^LMhI�H ��K�'
5 I K"�3a"c ` H	�3^dH ` M�H _=c ^"a0�-�_=I�a"c�a�K��6_=c  =]�K�c HL_ _=c

exponentului
' �fF=G���]�^LHl^LMha"c H ` M�H ^"a0�-�_=I�a"c

� � � �
� �
��	���J�H�c ` J�IbK `  �a0���_7[,' 
 � _=c ]�_�I�HL_4M K"���_=IbK M��_ � � ^8� ]�I �5_  "H �5_�K ` a ` _�I�H3a"I �7�_CM�]�_lIeHC_ ` H	�3^qK 
�JL_CM N�K H�.
� ������� � �
� �
� � � ��� � �
� �
� � � � �
	���
����������������\ a6_=c M�H J�aLp�K�^LM�H���HhG���]�^LHl^LMha"c�H ` M�H �"aCM�H�I�HL_nc�a�K!&�� J�a4JL_�I�H MhI�H	�"a�K H ` �_ � � ^0�3a"c M N�K"� ^"a0�-�_=I�a"cCo�H�JLK"�5_=c

J�a �q_lIeM�HL_0� � ^CMhIeHC_ ���_ � � � �
� �
� � N` K��q_lIeM�HL_3oTH�JLK"�5_=c��_ � � � �
� �
� � ��H�^CMhI a _4] �LM N�K�^CH4pq_=c ]�_�I�HL_7J�]�IeHTJ�M��_�'
 a��6HlIeH�c H ��]"M 
�K�^LMhI�]  $a ` H � ` a0�8� ]�I �-�_  "H J�]�^ ` M _=^LM�H 
 � � ^8� ]�I �5_CM N` M K�K�^CM N�K 
�J"' ��H ��]�_CM�H8� ]�c ] ` K�N` K�1� c K M�HlI+�_ � K J��_ 
 �qHl^LMhI�a H G ��]�^CH�^LM�'
���_ pLH  =H	�>^�KeN` M�H5HhG�H	� �"c H�.

K�^ ` MhI�aLJ�M N K�a"^LH I�H�o�a"c M _CM
@=A,:CB
<�� � � # & 1 � # ��� # &
@=A,:CB
<�� � � # &�
 1 � # ��� # & � 

@=A,:CB
<���� # & 1�
 # � � � # &
@=A,:CB
< # ��� # � � ����� 
 # � �*� # � � � # [����
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<�� � �������*����������� �T[�
����
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��^LM�H�I�^ ` H!�4H	�4]�IeHC_Co	�_ �3�_=I��_ ^qK JLK=] ��K H�I  "H�I�H3^"a0�4H�I�H!���_=^��_ c _ � � � � ��� � � ���$'�� J�H ` M _ H ` M�H � 	 � � � '
 a ��]=M M K"���_=IbK ^qK JCK ]  �_CM��_ �5_�K �3a"c M  "H �3JLK � I�H ` H	�3^qK 
�JL_CM K pCH �h&�E ` H	�3^LH5Jla M�]=M J�anHhG��q]$^LH�^CM 
�'3\1�_
K�^LM�HlI ^ ` H �6H �6]�I�HL_Co	�_ �5_�K �3a"c M
� ` H4pCH  "H�� � ^LJ�HlIeJ	�_=^� �.

@=A :CB�< & ��� & � � ����� 
 � & ��� & � � ����� 
 
 & � ��� & � � �����=[����
JL_lIeH ` J�IbK H4s
'


 a��7�_=I a=c � _TG"K"� J�H ` H ��]�_CM�HUI�H	��IeHTo�H�^LM _%� � ^ JL_=c J�a=c _CM�]�I � J�an]U]�_lIeH�JC_�I�H c K"� ` �_  =H ��I�H�JLK oLK H 
4H ` M�H
_���I�]CGlK"�5_CM K p & [�� # "
' � _CJ	�_8� � ^ Jla"I ` a"c,JL_=c Jla"c H�c ]�I ` H  "H	���_�N` H"N` M�H _CJ�HL_ ` M��_ pq_=c ]�_�I�H�� ` H3]��CM N�K�^LH �4H ` _�2 a"c
 "H7H�Ie]�_�I�H 
�'

10.9 Exerciţ ii
&=' \ H4p�_5M K"���_=IbK ��I�]���Ib_��3a"c�a=I �-�_CM�]�I�(


 @"A,:CB�< �C1��*� 
 �C1����%��� � �C1��*� � � 
 �C1��*�

\ H4H �qK oC_�I�� � ^ _ ` M _ (
8$' \ a�� pq_5_lI��_CM _4H�JlI _=^=a"c� $a0���_7HhGqHTJ�aLM N K�_ a"I �7�_CM�]�I a=c�aqK ��I�]��$I _��
(


 k=9�;� 9!:";=<
� j���[=A ���U@"A,:CB�< |�<�� � � ����)��jlA :	&�� <�j������$� @=A :CB�< 2�� �nB�[���< :
��� @=A,:CB
< |�<�� � ���
 � 9!:";=<��Rj ��[=A � � @=A,:CB
< |�<�� � ������)��9�|�;	���
"�� {,:	� - � � � & ������)��jlA 2 &�� <�j ��� � @=A,:LB�< - �$��B�[ ��< 2

?$' ��J�IbK H�M N�K a=^+��Ie] ��Ib_�� JC_�I�H ` �_ �5KeN` M�H ��H c K�^�K�_ 8�& a"^dMha"^ ` M��_=^ ��_ �� �I�HL_��LM _�� J�a M _ ` M�H�c H G �
IeH ` ��H�J�M K p o N` K ` �_ MhI _ �,�_!� � ^ ` a ` c _3_����_ ` _�I�HL_4M _ ` M�HLK��"c _=^LJ '
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Chapter 11

Logică, printre altele

� ]�� HhGqM K�^  "H ��_�� _ ]���H�Ib_CM N�K�a"^�K�c ]�I c ]���K J�H ��H6JC_�I�Hnc H �"aCM�H	� H�� HTJ�Mhaq_�� ��IbK�^n^qK�N` M�H3K�^ ` MhI�aLJTM N�K�a"^�K ��K oL_=I�H��
pC]�� � � ^Lp��_CM N _  =H ` ��I�H3]�I  �K�^LHL_  "H5HTpq_=c�a�_�I�H N` K$pC]�� � _�K�� � ^Lp��_CM N _n^�KeN` M�H8� a"^CJ�M N�K�K$JL_lIeH3c�aCJ�IeHC_Co	�_3J�a N` K�I a=I K�'

�
� a"^CJ�M N�K�K�K�^ 
�Gl_CM�H�<

�
B$j=<���H�^CMhI a _7JL_=c J�a"c _nK�^CpLHlI ` _na=^LHLK pq_=c ]�IbK� "H3_  "H�p��_=I�<

�
j�A���H�^CMhI a _ ���_ ` K=J�H�c �=aLM N�K�^5]np�_=c ]�_lI�H _  =H�p��_=Ib_CM��_�<

�
|"B�{���H�^CMhI a _7pLH  =HL_  �_CJ��_7M�]�_CM�H4pq_=c ]�IbK�c H ` a=^LM _  "H�p��_=Ib_CM�H�<

�
��I K ]�IbK M _CM�HL_7]���H�Ib_CM�]�I K�c ]�IvN` K�� a"^LJTM N�K�K�c ]�I ��������\1<

�
9�[=B���H�^CMhI a _7JL_=c J�a"c _Uc�a=^���K"�6HL_nN` K�I�a"IbK�c ]�I <

�
��|�9��%/ ` ]�Ib_ c�aqK ��|�9���H�^CMhI anH�p�_=c�aq_lIeHC_�N` K�I�a"IbK�c ]�I '

5 �_=^��_5_CJ�a�� _�� � ]�c ] ` K M ��H c _lI �UM�]"M�� Hlc�a"c� =H ] ��H�I _CM N�K�a"^�K ��H�^LMhI�a�_U_=c J	�_CMha�K�HhG���I�H ` K�K�' � � � ]$c ] ` K M
��H�^LMhI�a�_CJ�HC_ ` M _ ` H � ^CH6Jla0� _lI 
 � � 
 � ���,c _ a"^��4]��4H�^LM  �_CM J	�qK�_lI & � � � �� 
' � � �5_�K�� ]$c ] ` K MN` K,� a"^LJTM N�K�K�' ��H	�3^LHlc H  �K�^ ��IbK"�4H�c H  "]$a��_3JL_CM�H �"]�IbK�K c H � _�� �5_�K ^"a0�5K M5N` K ]���H�Ib_CM�]�I K�' � H%� _��CM H�c H ` a"^CM
M�]"M � a"^CJ�M N�K�K��  �_lI ` a=^LM  "H �,�qK oL_CM�H ��IbK�^ �4]� �a=c�c ]�I  "H"� ]�c ] ` K�I�H�. Hlc Hn^"a ` H ` J�IbK�a*� � ^�_�K�^LM�HL_3_lI �$a0�4H�^LM�H�c ]�I
c ]�I�� JLK � � ^LMhI�H _CJ�H ` M�HL_�� � HR_CJ�H�HL_RHlc H ` H � _�K ^"a��6H ` J N` K;� a"^LJTM N�K�K

infixate
� �qHl^LMhI�a _ c H  "H�] ` H	��K  =H

� a=^LJ�M N K�K�c H
prefixate

�"JL_lI�H ` H ` JlI K�a8� � ^q_�K�^CM�HL_3_�I ��a��6H�^CM�H�c ]�I c ]�I�'�43_�K ` a"^CM'� � JLK�a� �_CM�H
) N` K ��H�^LMhI�anJ	�_3_=a
J	�_CM�H  =]�a��_3_�I ��a��6H�^CM�H"' ��a"^CJ�M N�K�K���I�H 
�Gl_CM�H  "H3J	�_CM�H! =]�a��_ _lI ��a0�4H�^CM�Hn^"an_�� p��_ColaLM ���_=^��_3_CJ�a0���� �_lI
c H pC]��B� � ^LM��_=c�^qK �"aCM N�K�^ � _�K � � ^LJT]�c ]
' � J�a�� J	�_4_�� H�c K"�5K�^q_CM  "HT] ` H �qK�IbK�c H6JC_�I�H5_�I�a"^CJL_=a�� � ^ JC_CM�H �"]�IbK�K�_CM��_CM
 "H  "H�] ` H	��K M�H�� a"^CJ�M N�K�K�c HnN` K�] �qHlI _CM�]�IbK�K�� �=aLM�H	� ` �_4MhI�H�J�H � � _�K  "H	��_�I�M�H"'
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11.1 � ���
F;
 � � F�= ��*.

not � ^=a
����
 D�� � ��*. B
j=< �����	�
\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
B
j"< H ` M�Hn] � a=^LJ�M N K H���IeH 
�G"_CM��_ M K"�qK J	�_�' � K�^��=a"^LJTM  "HUpLH  =H�I�HQc ]���K J��,HL_U] �qHlIeHL_Co��_nJla�]RJ�]$^� �K M N�K H

� �����	� 
 J	�_=IeHLK�_ � � K�K�^CpLH�I ` HC_Co	�_3p�_=c ]�_lIeHC_  =H _  =H�p��_=I�' F�_5JL_=c Jla"c HL_Co	�_5JTH�pq_  =H �"Hl^"a"c&.

�
���	� B
j"< �
���	�
_  "HTp��_=I _CM � _=c `

� _=c ` _  "HTp��_=I _CM


 HnpC]��O_�� K�^CM K!J	�_ ��������\,�fa=c�� ]$c ] ` H"N` M�H5M K"�=a"c� =H  �_CM�HR^"a��6H�IbK J �qHl^LMhI�aZ_UI�H	��I�H�o�H�^CM _Rpq_=c ]�IbK  "H
_  "HTp��_=I ' � _CJ	�_4p��_5_��5K�^LM K M N K���J�]�I�H ` �q]$^� =H�^LM N _7H�I _�.

� � _=c `
�� � _  "H�p��_=Ib_CM

��H �"a"^CH ��I�]��=c H	� _ JTH�� _CJ�H B$j=< J�a5^"a��7�_=I a=c�J	�_=I�aqK�_ K ` Hv_��=c K J	�_ � J	�_CJLK=^"a��7�_=I�H ` M�H 
 ( �
a"^LJTM N�K ]�^�_=IeHC_
� � �"Hl^LH�Ib_=c K oL_CM��_ )Uc _ ^"a0�4H�I�H _ c�aqK
B$j=<nH ` M�H�.

�
���	� B
j=< �
���	�
� &

�� � �

��^ ` MhI�aLJTM N�K�a"^CHL_

:	� B
j"< � - &�� � <0��[=B x�j=<�j 
 �

H ` M�H5M�]"Mha=^q_7J�a

:	� - �� !� <���["B x
j=<�j 
 �
` _=a5Jla

:	� - <���[=B x�j=<
j 
 �

N` K�� � � ^LM��_�� �=c��_CM�]=I ��Jla

:	� � B$j=< - � &�� <0��[=B x�j=<�j 
 �

75



11.2 � �
F;
 � � F�= ��*.

or � ` _=a
����
 D�� � ��*. �����	� � jlA �
���	� �
\��;D F � � � ��F;. � a"^LJTM N�K H K�^ 
�G"_CM��_
� F �!\ � ��F � F;.
� _U^qK pCH�c
c ] ��K J5jlAQc�aLJ�I�HL_Co	� _  �a����_7J�a�� _lIb_CM��_nN` K�M _���H�c�a=c&.

�
���	� � �����	� � �����	� � jlA ��� � � �
� _=c ` � _=c ` � _=c `

_  "HTp��_=I _CM � _=c ` _  "H�p��_=Ib_CM
� _=c ` _  =H�p��_=I _CM _  "H�p��_=Ib_CM

_  "HTp��_=I _CM _  =H�p��_=I _CM _  "H�p��_=Ib_CM

_  �K J��_7IeHTo�a"c M _CMha=c�H ` M�H6_  =H�p��_=I _CM  �_CJ	�_ JTH�c��=aLM N K�^5a"^�_  �K�^LMhI�H6H G ��I�H ` K�K$H ` M�H6_  "HTp��_=I _CM��_5N` K
H ` M�H0� _=c `  �_CJ��_
_���� � ^� =]�a��_ ` a=^LM!� _=c ` H"'

��� :	� � - &�� � jlA � - & # � <0��[=B ;=<�j=@
� K�^qK�_  "H � _�K ` a ` pq_7]���IbK���Ie] ��Ib_�� a=c  �_CJ	�_ - &�� ` _=a - & # '
�!H�pLHl^qK�^� c _UHhG���I�H ` K�K _lIbK M �6H�M K JTH�� J�]�� ��]�IeM _lI�HL_Rc�a�K jlA H ` M�H � _�K ��K oL_lI+� _�< pL] �>pLH  =HL_RJ	�_���]�_CM�H

� � ^CM�]�_lIeJTH5^"an^=a0�5_�K!& ` _=a �$' � �=c K JL_CM��_7c _4p�_=c ]�IbK�JL_lIeH ` a"^CM  =]�_lI � N` K,&�� ` H4J�]�� ��]�IeM�� _ � � ^ ` �_  �a����_4J�a0�
^LH3_�N` M�H	�CM��_��n'

�����	� �vj�A(�
���	� � ��� � �������� �����	� � �� ���� � � � �������� �����	� � � �
11.3 �����
F;
 � � F�= ��*.

and � N` K
����
 D�� � ��*. �����	� � |=B�{ �����	� �
\��;D F � � � ��F;. � a"^LJTM N�K H K�^ 
�G"_CM��_
� F �!\ � ��F � F;.
� _U^qK pCH�c
c ] ��K J���|=B�{ c�aCJ�I�HL_Co	�_  �a����_5J�a�� _lI _CM��_ N` K�M _���H�c�a=c&.

�
���	� � �����	� � �����	� � jlA ��� � � �
� _=c ` � _=c ` � _=c `

_  "HTp��_=I _CM � _=c ` � _=c `
� _=c ` _  =H�p��_=I _CM � _=c `

_  "HTp��_=I _CM _  =H�p��_=I _CM _  "H�p��_=Ib_CM

_  �K J��_ I�H�o�a=c M _CMha"c H ` M�H ��_=c `  �_CJ	�_ J�H�c �"aCM N�K�^da"^�_� �K�^LMhI�HQHhG���IeH ` K�K H ` M�H ��_=c ` �_ N` K H ` M�H _  "H�p��_=Ib_CM  �_CJ��_
_���� � ^� =]�a��_ ` a=^LM _  "H�p��_=Ib_CM�H"'
��]�c ] ` K M��_ J�a5HhG���I�H ` K�K!_�IbK M �4H�M K J�H���|=B�{ ` H J�]�� ��]�IeM�� _1� � ^! "]$a��_8� H�c�a=I K�< � � ^6_�� ��H�c H4JL_Cola"IbK	��� � � � H ` M�H

� � ^CM�]"M  =HL_=a"^�_Ua"^n^"a��7�_=I .
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&='  �_CJ	�_��
���	� � H ` M�H4M�]"M a"^n^"a��7�_=I N .

�
���	� � |=B�{��
���	� � � � � ����� �� ��� � � � � ������	� � ����� �� ��� � � � �� �
8$'  �_CJ	�_��
���	� � H ` M�H3a"^�N` K�I � ` K J$� 
�.

�
���	� � |=B�{��
���	� � � � ��� ����� �� ��� � � � � ������	� � ����� �� ��� � � � �� �
�!H�o�a=c M _CMha"c�H ` M�H  =H�JLK a"^ N` K�I#�
��_CM��_  "]�_lI a"^ H GqH	� �"c�a  =H'� ]$c ] ` K�IeH5_Uc�aqK �8
 � J�aRa=^ _lI ��a0�4H�^CM N` K�I �  "H"N` K ��I�]���_��qK�c�J	�_n_�I MhIeH	�=aqK

I�H ` J�IbK ` Jla  "]$c _�IbK � � ^nc ]�J! =H c HCK 

.

& � :CB
@=Y�< �C) . . )�
 -�� 2 .�/�� 1 � �
� *,2 / 2C* . 1 . ) ����� -

 � @=A :CB�< � 
 - 2 - *
1 / 2!� � - � ����1 ��� � �L)�� |=B�{ - & � � � � ��2�� |=B�{ -  �� �
� K�^LMhI�H5HhG���IeH ` K�K�c H - &�� N` K -  ����� "]�_�I a=^q_3p�_ 
Q_  "H�p��_=Ib_CM��_��� "HTJLK a"^�_  �K�^ HhG���IeH ` K�K�c H5J�a3|=B�{ p�_  �_

I�H�o�a"c M _CMha=c����$��K�_lI J�HC_=c _=c M��_nN` K�I a=c
I�H ` ��H�JTM K p�' � a����_4JL_Co4pq_3_����_=IeHC_5J�aCp��_=^LMha=c ��1=) ` _=a ��1!2n'
���_ � _�K�pCH  =H	�>^qK�N` M�H5HhG�H	� �"c H4J�a ] ��H�I _CM�]�IbK c ]���K JLK�.

��� :	� - & � |=B�{ � &
( |"B�{ B
j=< (	&�� <���[=B @�|=Y$;=[!�$� B�[��

_CJ�H ` M ` J�a=IeM!��I�]��$I _�� ` H4p�_ _=aCM�]� �K ` MhI�a��=Hn^"a�� _�K  �_CJ��_ - & � � � &
( � ( �� ��!' ��_=a�.


 :	� � - &�� jlA - &�� � |"B�{ � � &�� jlA � &�� � |=B�{ � B$j=< - & � � <���["B k"9�;

� ^�_=c K o	�_=^  _CJ�HL_ ` M��_nc K�^�K H��� =H  �aCJ�H	�>J	�_4H�J�Ib_=^"a=c ` H5pq_UN` M�HlI �=H�� � ^! "]�_�I  "]$a��_ JL_Co�a"IbK�. - & �3N` K � & ��� ` _=a
- &���N` K � &��='
�"_��LMha=c�J��_ - H ` M�H5Jla0��IbK�^ ` � � ^LMhI�H � N` K ( ` H ��]�_CM�H7M�H ` M _0� � ^8� H�c�a=I K M�H �4]� �a=I K�.

��� :	� -  � |=B�{ - � ( <���[=B&�������
` _=a

��� :	� B
j=< � - ��& � j�A -  �& ( � <0��[=B&�������
� a"c M K"�-�_7]�� ` H�I�p�_CM N�K H�� � ^Rc H �,�_CMha=I+�_nJ�a |=B�{ .  "H"N` K J�H�c H  "]�a��_ c K�^qK�K JL_lIeH a"I �6HL_Co��_���_�I K  "H�^CM K J�HRJL_

H�� HTJ�M
��H�c H3_=a5] ` H	�3^qK 
�JL_CM N�K H! �K ��H�I K M��_�.

:	� ( �=. ��� |=B�{ ( �=. � � <0��[=B 2 .���/��
:	� ( �=. ��� <���[=B :	� ( �=. ��� <���[=B 2 .��q/��
J�a M�]�_CM�H5J	�_Q2 .��q/��U` H3pq_ HhGqHTJ�aLM _� �_CJ	�_RN` K ^=a0�5_�K  �_CJ	�_R( �=. ���nN` K ( �=. ��� ` a"^CM6_�� �qHlc H _  =H�p��_=I _CM�H
� ^CH�^"a=c H 
�' \ _ ` �_!� � ^LM N H�c H �=H�M N�K  �K ��H�IeHl^LM N�_�� ` �_4JT]�^ ` K  "H�I��_��Oa=I �-�_CM�]�I�a"c"JC_Co�.

77



( �=. ��� H ` M�H3( &��
( �=. ���3H ` M�H - �$( &
�

5�H�^CMhI an(	&�� ��IbK"� _8��]�I �-�_ p�_  �_4H�I�]�_lIeHC_ 
�� �qHl^LMhI�a J��_ |=B�{ HTpq_=c�aCHL_Co	�_3_�� �qHlc H6_lI �$a0�4H�^LM�H��  "H�JCK
� _CJ�HnN` K � � � ���_=IeM N�K�I�HL_3c _ ��� ��H5J	�_=^� _! =]�aq_"� ]�I �7�_ p�_8� a=^LJ�M N K ]�^q_7J�]�I�H�J�M!/ ��I K"�5_4J�]$^� �K M N�K H 

K�^� -� _=c ` �_��
_  "]�a�_n^=a ` H �5_�K�H�p�_=c�aLHC_Co	�_�'

5�H�^CMhI aQJ��_R_�� � � ^Lp��_CM N _CM  "H+2 _Q] ��I��_��5_  ��_  =H � a"^CJ�M N�K�K N` K ]���H�Ib_CM�]�IbK�� H ` M�H�JC_Co�a"c ` �_UpCH  "H	� � � ^�J�H
]�I  �K�^LH ` H6H � H�J�MhaCHL_Co	�_ ` _=a���J�a _=c M�H4J�aLp�K�^LM�H7JL_�I�H4H ` M�H ��I�H�J�H  =H�^LM N _ � ^=a0�5K M��_ N` K prioritatea


 
�H�J	�_=I�HLK�_��
��H�^LMhI�a _ ` J�IbK H ��Ie] ��Ib_��6H J�]�I�H�J�M�H"'�5 IeHTJ�H  "Hl^LM N _���J�a3J	�_CM H ` M�H �5_�K �5_�I�H��=J�a _CM��_CM1� a=^LJ�M N K�_nI�H ` ��H�JTM K p��_
` H4p�_ _��=c K JL_ �5_�K�I�H	��H  =H"' ��_CM��_7c K ` M _ ��I�H�J�H  =H�^LM N Hlc ]�I .

� �qHlI _CM�]�I���� a=^LJ�M N�K H 5 I K ]�IbK M _CM�H
jlA 8
|=B�{ ?
B
j=< E
&  �  0& ��& �� s

 � � J�aU^"a0�-�_=I ` _=a N` K�I 
 
� � �

 � �qHl^LMhI�a�^CH ��_lI�H�� a"^q_lI 
 �
+ & �
M�]�_CM�H6JTH�c H�c _=c M�H�� a=^LJ�M N�K�K &=&
JL_=c Jla"c
K�^� �K JLK  "H4M _���H�c &C8

� ` M���H�c&�!c K�^qK�_ a"I �7�_CM�]�_lIeH�.

��� 9�[�< - �%& - � � ����1 �����C)�� |=B�{ - &��%� ��2�� |"B�{ -  ��
� � ^ ` HL_��3^�� _

��� 9�[�< - �%& � - � ������1 �����C)�� � |=B�{ � - & � � � ��2�� ��� |=B�{ � -  � �
J�H�HC_RJ�H H ` M�H HTpqK  =H�^LMnK�^LJ�]�I�H�J�M
� J	�_CJCK ` H _  �a=^��_ a"^ ^"a0�-�_=I Jla a=^ N` K�I 'B5$H�^LMhI�aZ_ ` J	�qK"� �q_U]�I  �K�^LHC_
]���H�Ib_CM N�K�K�c ]�I ` H*��]�c ] ` H ` J ��_�Ib_=^LM�H�oTH�c H��  $a0���_5Jla0� _��9� � ^Lp��_CM Nb_CM�'

� ]�� pCH  "HC_�_CJla0�O]QaLM K�c K oC_�I�H _Ua=^"a�K;��_��LM!��H JC_�I�H*� � c�J�a"^C]�_�N` M�H	�  =H�� _�K��3a"c M��_ p"I�H	�4H"' � a0���_
J�a�� _�� ` �"a ` � M�]�_CM�HR] �qHlI _CM N K�a"^qK�c H � ��c ]���K JTH
)?�!/iJ�] � ��_�Ib_CM N�K�K � & � � � �� �
�� ` _=a � a=^LJ�M N K�K c ] ��K J�H� "H
_=c M�H5p�_=c ]�I K �bB
j=< � |=B�{ 
!/ �"H�^CH�I�HL_Co	�_Za"^UIeH�ola"c M _CM5^=a0�4H�IbK J"' � ]�� pLH  =HL_nJla0� �"aLM�H � � ]$c ] ` K�_CJ�H ` M
I�H�o�a"c M _CM ��H�^LMhI�a _ ` JlI K H4HhG���IeH ` K�K �5_�K"JT]�^LJCK ` H"'8
 H4pC]�� ��]�c ] ` K�� � ^ ` ��H�JLK�_=c� "H���_��LMha"c=J	�_4]3J�] � ��_�Ib_CM N�K H
 ��_n& ��H�^LMhI�a _  "H�p��_=Ib_CM N` K�� ��H�^CMhI a-� _=c ` '


 :CB�@"Y�< - � @=A,:CB
< - &�� �Rx�j=<
j 


p�_5M K"���_=IbK;� � pq_=c ]�_�I�HL_  "H _  =H�p��_=I�) � � ` _=a & 
 _ ��I�]���]"oLK M N K HCK - &��='
���_UpCH  "H � J�a�� I�H�o�]$c p��_�� a=I �-�_CM�]�_�I�HL_ ��Ie] �"c H	�-�_�.0� � ^�� a=^LJ�M N�K H  =H p�_=c ]�_lIeHL_ ^=a0�-�_=I�a"c�aqK - � JL_lIeH

��]�_CM�H 
d&��!8��
? ` _=a5E?�$MhIeH	�=aqK H ` �_�� K�_CMhIbK"�"a�K"�>c�aqK � a"^�_  �K�^ p�_=c ]�IbK�c H ?,��s������,I�H ` �qHTJ�M K pQ&"&='���]$c�aLM N�K�_
H ` M�H�.
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9�[�< � & # � � - & � � � 
 � � - &�� � ��� � � - & # � ��"!� � - & & �
\ a0� � � �6HlI �=H
)Qc K�^�K�_  =H �5_�K ` a ` ( ��K"� �"c�a��,a=^q_ ` K�^��$a"I��_  �K�^ H ��_=c K M��_CM NbK�c H - &�� � - & � � - & # � - & &p�_ 
 _  "HTp��_=I _CM��_�' 5
_lI _=^CM�H�oL_7I�H ` ��H�J�M K p��_ p�_4_CpLHL_ JL_7I�H�o�a=c M _CM &���JTH�c H�c _=c M�H �$' � Mha=^LJLK��� �K�^LMhI�H5^"a��6HlIeH�c H

?��$s?� ��� &"&��!^"a0�5_�K a"^=a"c!pq_ 
-� � ^0�3a"c M NbK M J�a3pq_=c ]�_�I�HL_U^LHl^"a"c��_R&�� N` K,_CJ�H ` M _np�_  =H�pCH�^qK p�_=c ]�_lIeHL_Uc�a�K � '
���_ ] � ` H�Iep��_�� J	�_��� �_CJ	�_ - ^"a5H ` M�H &���8���? ` _=a4E?� � JL_����_CM��_ p�_=c ]�_lI�HL_ �,�"J��_CJLK�M�]�_CM�H �q_lI _=^CM�H�o�H�c H ` a"^CM
^"a=c H"'

D,H ` M�Hlc H  "H �"Hl^"a"c - &�� ` H �=a"^�� � ^CM�]"M  =HL_=a"^�_8� � ^LMhI�H �q_lI _=^CM�H�o�H��  �K�^3JL_=aLoL_ ��IbK ]�I K M��_CM NbK�K�� ]�_lI�M�H �5K JLK�_
]���H�Ib_CM N�K�a=^qK�K &,' � H6H GqH	� �"c�a�.

@=A :CB�< - & 
 � - & �
H4M�]"Mha=^q_3J�a

@=A :CB�< � - & � 
 � - ��� & �
JL_lIeH7H�� � ^LM�]=M  "HL_=a=^q_ ��' � � H7J�H ( 

� H _ ` H �6H�^CHL_�� ` �_3I�H	� _lI�J	�_�� J	�_

:	� - & � &!( <���[=B&�����
� � ^ ` HL_��3^�� _  "H�� _��CM

:	� � - & � � & ( <���["B �����
JL_lIeH7H ` M�H4J�a3M�]"Mha"c�_=c M�J�H�p�_  "HTJ	�_CM

:	� � - & � � |=B�{ � � &
( � <���[=B
5 I K"�5_8� ]�I �7�_ H ` M�H _  "HTp��_=I _CM��_  �_CJ	�_ ( H ` M�H4J	�qK�_lI pq_=c ]�_�I�HL_  "H _  =H�p��_=I _ ��I�]���]"oCK M N�K HLK - & � '
� ]�� pCH  =HL_n]n_=c M��_5_��=c K JL_lIeH _3_CJ�H ` M�HLK!M�H	�=^qK JLK�� � ^ a=I �-�_CM�]�I�a"c

11.4 Exerciţ iu rezolvat
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�G"_CM�H _CJTH ` M�H  "]$a��_7J�a=c ]�I K ��H�^CMhI aQa=^ ���_CMhI��_CM N H�c&� �=aLM�H	�OpL]�I �qK  =H ` ��I�H �"a"^CJ�M�H�c H  �K�^ K�^CM�H�IbK ]�I a=c
` �_=a6JC_ 

K�^�  "H  =]�a��_4M K"�=a"IbK�.

�
_���I K�^ ` H ` _=a�� � ^5J�a"c ]�_�I�HL_ ��
�E�<

� ` M K�^ ` H ` _=a�� � ^5Jla"c ]�_lI�HL_ 5��*5 F � '
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� IbK�c _� "H-� � ^�_=c M��_ I�H�o�]�c�aCM N�K HQ_lIeHR_=^"a0�5K M�HRJLK�a� ,�_CM N H�^�K�K�' � ��^CM��_�K�� J�H�c H  "]�a��_ I��_=^  �a=I K�� JL_�I�H� =H�] �qK J�HCK
� ]�I �6HC_Co	�_�� � �q_lI�M�HL_  =H�2�] ` )�_7H�J�Ib_=^"a=c�aqK ^"a-� _CJ ��_�I�M�H  �K�^ ��IbK�c _  =H�� � ^�_=c M��_3I�H�o�]$c�aLM N�K H=' � H _CJ�H�HC_ ��IbK�c _
_lIeH ��H5pCH�IeM K JC_=c��_ ^"a0�5_�K &��"8 �Q&�
 � & �0
  "H �=a"^CJ�M�H"'
� a0���_7J�a0�>^CH5_�N` M�H	�CM��_����"J�]�]�I  "]$^q_CM�H�c H �"a=^LJ�M�H�c ]�I p�_lI K�_Co	�_�.

�
�qH7]�I K o�]$^LM _=c��_ � � ^LMhI�H � N` K
8ls"s?<

�
�qH7pLH�I�M K JL_=c��_�� � ^CMhIeH �RN` K &��ls
'

F=GlK ` M��_-� � ^  =H 
,^qK�I�HL_ ��IbK�c HLK  "H � � ^�_=c M��_ I�H�o�]$c�aLM N�K H  "]�a��_d_ ` K"�6H�MhIbK�K � J�] � ��_�Ib_CM K p Jla JTHL_  "H�2�]�_ ` �_
I�H�o�]�c�aCM N�K H 
�.

�
]�I K ��K�^LHL_ ` K ` M�H	�3a"c�aqK  "H J�]�]�I  =]�^q_CM�H4^=a6H ` M�H � � ^ J�]$c M N a"c	 �K�^ ` M��_=^ ��_�� ` a ` ��JLK � � ^ JTH�c	 �K�^ ` M��_=^ ��_��&2�] ` �
J	�qK�_lI  "HC_ ` a0��Ib_nJTH�c ]�I  "]$a��_nc K�^�K�K � � K�^LM�H�I�oLK ` H
)
' \ ]�]�I  "]$^q_CM�H�c H ` _=c H ` a"^CM �����,<

�
J�]�]�I  =]�^q_CM�Hlc H �=a"^CJ�M�H�c ]�I�� � ^���IbK�c _  "H � � ^q_=c M��_4I�H�o�]�c�aCM N�K H ` H ` ��H�JLK 
�J	�_ � � ^ ]�I  �K�^CH K�^CpLHlI ` �_�.,� � ^LM�]=M  "HL_��
a"^q_8� � ^LM��_�K�J�]�]�I  "]$^q_CM _ x

/ �qH3]�IbK o�]�^CM _=c��_"/ N` K,_���]�K!J�]�]�I  =]�^q_CM _ y
/ ��H3pLH�I�M K JL_=c��_�' � ` M���H�c

J�]�c M N a=I K�c H �$I K�c HCK
_=a5J�]�]�I  "]$^q_CM�H�c H�.

� ����� 
 ` M��_=^���_��&2�] `� �,��&���s 
 ` M��_=^���_�� ` a `
� 8�s=s?��&��ls�
  �I�HL_��LM _�� ` a `
��8�s"s���� 
  �I�HL_��LM _��&2�] `

12.1 � � ���
F;
 � � F�= ��*.

to plot � _  "H ` H�^q_�<,_7MhI _ ` _
����
 D�� � ��*. @�9�j=< 2 culori 4 x � y\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� H ` ��I�H � ]$c ] ` K�IeHL_UJ�a=c ]�I K�c ]�I1� � ^ZK�^ ` MhI�aLJ�M N K�a"^�K�c H ��Ib_ 

JTH�pC]�� pL]�I �qK  �a����_RJ�H c HRpL] � ��I�H�o�H�^CM _ �qH

M�]�_CM�H='
x
N` K y

MhI�H	�=aqK H ` �_ 
�H  "]$a��_ H G ��I�H ` K�K JL_lI�H �"Hl^LH�I�HL_Co	� _�� � ^CMhIeH ��K�� � ^LMhI�HRc K"� K M�Hlc H � � 8ls"s ��H�^LMhI�a xN` K � � & ��s���H�^CMhI a y
' � H'� _��CM
�!pq_=c ]�IbK�c H c ]�I ` a=^LM7Ie]=Mha"^ 2 K M�HZN` K c�a�_CM�H*� � ^ �4]  $a"cV' � _CJ	�_U^=a ` HUIeH ` ��H�J�M��_

_CJ�H ` M�H5J�]$^� �K M N�K�K�� ` a=Iep�K�^LH3H�I�]�_lIeHL_ � '
� H"N` K  "H �qK�^� =H  "H ` Mha"c� "H �3a"c M  "H4p�_=c ]�I K�c H7c�aqK!j���[=AZN` K!:CB���[=A$;=[;��J�a�� pL] � pLH  =HL_0� � ^ �q_lIeM�HL_7JL_lIeH

 "H ` J�IbK H-� ]�c ] ` K�I�HL_7J�a"c ]�IbK�c ]�I � �=aLM�H	� ` �=a"^LH3J	�_3@�9�j=<:� � � _CJ�H�)��"a=^LJ�Mha=c,J�anJ�]�]�I  =]�^q_CM�Hlc H ` �qHTJLK 
�JL_CM�H x,
y
'

� ��^LJ�H�I�JL_CM N K�.


 @�9�j"< A�B�{ � � 
�
 � A�B�{ � ��� 
 ��x�j=<�j 


12.2 � � � �

F;
 � � F�= ��*.
to draw � _5MhIb_ ` _

����
 D�� � ��*. {�A�|�� 2 culori 4 x � y 2 � u 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
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� K ` J�aCM��_�� ` H �q_lI _CM {�A
|�� J�an8 N` K�Jla ? �q_lIb_��6H�MhIbK�'

12.2.1 
 � ��� x � y
 "H ` H�^CHL_Co	�_ a"^ ` H � �6H�^CM
Jla6c�a=^���K"�6HL_ ]�IbK o�]�^CM _=c��_ � ��Ie]�K H�J�M N�K�_ ��H ]�IbK o�]$^LM _=c��_ 
 x N` KCJ�a c�a"^ ��K"�4HL_ ��Ie]�K H�J�M N K HLKpCH�IeM K JC_=c H

y
' ��H � �6H�^CMha"c ` HUMhI _ ` HL_Co	�_8� � ^LJTH	���_=^�  "HQc _ a=c M K"� a=c �"a=^LJ�M%�#� _CJ�aLM4_=^LM�H�IbK ]�I!�qHUH�J�Ib_=^ ��J�a

a"^Q@�9�j=<;� a"c M K"�3a"c,JL_����_CM  =HQc _ a=^R{�A�|�� ` _=a a"c M K"�3a"c �"a=^LJ�Mn_=c a"^=aqK k$:LA
k=9�[�
�' � _CJ	�_ ^qK JLK ] _=c M��_
K�^ ` MhI aCJ�M N�K�a=^LH ��Ib_ 
�J	�_ ^=a ` � _��5_�K,H GqH�JlaLM _CM  "H c _ a"c M K"�3a"c k=9�;��,MhI _ ` _�I�HL_-� � ^LJ�H �qH� �K�^�]�IbK ��K�^CH"' � K�^
_CJ�HL_ ` M��_3JL_=aCo	�_ ` �=a"^CH	�>J	�_ {�A�|0� c�aLJ�I�HL_Co	�_8� � ^ coordonate relative

� _  �K J	�_%� _CJTH a=^ ` H ���4H�^LM!���_=^��_
c _3J�]�]�I  "]�^�_CM�H�c H

x, y
�� �_lI J�]�^ ` K  "HlI+�_=^� RJ	�_7]�IbK ��K�^LHC_3H ` M�H�� � ^ a=c M K"� a=c��=a"^LJTM MhIb_ ` _CM 
�' � _CJ	�_ a"^=a"c� �K�^

�"a=^LJ�M�Hlc H ` H ���4H�^LMha=c�aqK,K H ` H  �K�^5HTJ�I _=^�� ` H4]��CM N�K�^LH5H�I�]�_lI�HL_ � '
��_CM��_3a=^ ��Ie] ��Ib_�� JC_�I�H5MhIb_ ` HL_Co	�_3a"^ ���_CMhI _CM
.

@�9
j=< 
 � 
 �U{�A
|�� ����� � ���U{�A�|0�
� � �������n{�A�|��$
������ � ���n{�A�|���� � 
������

��H ` K oL_CM N�K!I�]�c�a=c���_�Ib_��4H�MhI K�c ]�I ^LH ��_CM K pqK c _4{�A�|�� .�_���I�]���K H5JL_����_CMha"c!IeH ` ��H�J�M K p  =H5]�I K ��K�^LH"'

12.2.2 
 � ��� x � y � u
 "H ` H�^CHL_Co	�_ a"^ _lI�J  =H4J�H�I�J6Jla5JL_���H�M�H�c H3J	�qK�_lI�� � ^4JL_���H�M�H�c H ` H ���4H�^LMha=c�aqK���H6JC_�I�H3c � _lI 
 MhI _ ` _CMv_CJ�H�c _�N` K
{�A�|0� �#�_=I+�_na=c M K"� a=c ��_�Ib_��6HTMhI a�' � _=c ]�_�I�HL_

u ` ��H�JLK 
�J	�_ c�a=^���K"�4HL_U_�I�J�a"c�a�K  "HnJ�H�I�J��,� � ^ radiani
' � � ^

Ib_  �K�_=^ _lI�H a=^ _�I�J� "Hdc�a=^���K"�6HUH ��_=c��_RJ�adIb_CoL_QJTH�IeJla"c�aqK�' � K�^ � ]�I � a=c _RJLK�I�J�a0�8� H�IbK�^LM N HLK I�H�o�a=c M��_ J	�_
?�'�&TE
&�s��"8$' 'C'
��_  �K J	�_�� I _  �K�_=^qK��	� � ^ ` HL_�� ^��_7a"^ _lI�J  =Hn&��0�  "H ��Ib_  "H8/Da"^ ` H	� K JTH�IeJ=' 
 �
H	� ^=a"c!c�aqK u��I�H�JLK o�HL_Co��_3JL_lIeH  �K�^3J�H�c H  "]$a��_n_lI�J�H ��] ` K"�qK�c H ` H5MhIb_ ` HL_Co��_�. � � � ^ ` HC_�� ^��_4J�Hlc	� � ^ ` Hl^ ` MhI K �=]�^C]��4H�MhI K J��
� J�H�c � � ^ ` Hl^ ` ]�Ib_lI '
� _CJ	�_ a"^ �=a"^CJ�M6_=c�_lI�J�a"c�a�K,K H ` H  �K�^ H�JlI _=^�� ` H4]��LM N K�^CH5H�I�]�_lIeHC_ � '
��_CM��_4J�a�� MhI _ ` �_�� & �0�  "H _lI�J�H _=c HL_CM�]�_�I�H � � ^LMhI�H  "]$a��_ �"a"^CJ�M�H � a"^%� H�c� "H �$c ]�� 

.


 �
jlA 2 & � <�j ���*�
� 9�[�< )�& A�B�{ � # � � & � 
 � � 
 # ��� & � 

� @�9
j=< ����" � 
 � �n{�A
|���� � ����� � )" B
[���< 2

� p�_=^LM _�2ha=c MhI _ ` �_=IbK�K;� � ^QJ�]�]�I  =]�^�_CM�H I�H�c _CM K pCHQH ` M�Hd_CJ�H�c _ J��_�� ` J	��K"� ���_=^   "]�_lI �q]=oLK M N�K�_ ��IbK"� a=c�aqK
�"a=^LJ�M
� �3aLM�� _��B� � ^LMhI�HL_ ��_ 
 ��a=I+�_���J�a0� K�c�a ` MhI�HL_Co	�_UN` K a"I �-�_CM�]�I�a"c�HhG�H	� �=c�a$.


 @�9�j=<�� � "���%�
jlA 2 & � <�j � �
" {�A�|0�
" � " �n{�A�|0�
" � 
�"��U{�A
|��$
�" � 
�"��U{�A�|0� 
*" � "��n{�A�|�� � 
 � �� B
[���< 2

� c �"]�IbK M �3a"c"JL_lI�H5MhI _ ` HL_Co	�_5_�I�J�H  =H5J�H�I�Jnc H _���I�]CG"K"�6HL_Co��_  "H���_��LM J�a ` H ���4H�^LM�H � K M K M�H�c H='�5�H�^CMhI a
_nMhIb_ ` _Za"^Q_�I�J��,Hlc H ` M�H�� � � ���_=IeM NVK M!� � ^�� a=c M�H _lI�J�H�� K JCK,JL_lIeH ` HnMhI _ ` HL_Co	�_3JL_ ` H � �6H�^CM�H"' � _CJ	�_n_�I�J�a=c
 "HUMhI _ ` _CM4H ` M�H�� ]�_lIeM�H��5_lIeH ��J�H�HL_ J�H�_lIvMhI�H	�=aqK ` �_ J�]�I�H ` �=a"^� ,�_� =H�� _��CMnc _U] �3a"c M N K"�6H  =H J�H�I�J�a=I K
` a���I _��=a ` H 

� � � � ���_=IeM N�K�^� _lIeJ�a=c�� � ^ ` a��q_lIeJTH �5_�K � K JCK ` H ] �LM N�K�^RM�]"Mha�N` K _lI�J�H� "H  �K"�6Hl^ ` K�a=^qK ` a 

JCK H�^LM
 "H �5_�IbK,JC_ _���I�]CGlK"�5_lIeHL_ c ]�I J�a ` H � �6Hl^LM�H ` �_�
�H �$Ie] ` ]�c _=^��_�' � 
 a0�-�_=I�a"c  "H ` H ���4H�^LM�H ^"aRJ�IeH"N` M�H
^LHlc K"� K M _CM�' 
 � H6_CJ�H�HC_��
MhIb_ ` _lI�HL_na=^L]�I _lI�J�H4J�anc�a"^ ��K"�4H �5_lIeH1� � ^ Ib_  �K�_=^�K� ,�_3^�_�N` M�H�I�H  "H8� _��CM c _ ^qK�N` M�H
� ]�_�I�M�H8� I a��6]�_ ` H4_�Ib_���H ` J�a=I K�'4F=G���H�I K"�4H�^CM _CM N�K�.
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@�9
j=< # � � # ���n{�A�|0����� � ��� � ���������

` _=a

@�9
j=< ����� � �*� �U{�A
|�� ��� � ��� � ��"����

12.3 ����� � �
�

F;
 � � F�= ��*.
circle � J�H�I�J

����
 D�� � ��*. k$:CA
k=9�[ 2 culori 4 x � y � r\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
k$:LA
k=9�[

x, y, r
MhI _ ` HL_Co	�_Qa=^QJ�H�I�JQJ�aQJ�]�]�I  "]$^q_CM�H�c H _�� ` ]$c�aLM�HQ_=c HRJ�H�^LMhI�a"c�a�K x, y

N` K JladI _CoL_ r� ��K GqHlc K 
�' 5$H�^LMhI�a � � � � _CJ�H  =]�_lIv@�9�j=<
x, y

' � _CJ	�_Ra=^"a"c  �K�^ �"a=^LJ�M�Hlc HQJ�H�I�J�a"c�a�KvK H ` H  �K�^�HTJ�I _=^
_CpCH	� H�Ie]�_�I�H � '�D I _ ` _�I�HL_4J�HlIeJ�a=c�aqK�� � ^LJ�H	��HnN` K ` H4M�H�I � K�^��_1� � ^LMhI �fa=^ �"a=^LJ�M  =H6JT]�]�I  "]$^q_CM�H5_���I�]CGlK"�5_CM K p� � �������  "H�JCK,k�:CA
k=9�[ ` J	�qK"� ���_ ��]"oLK M N�K�_ a"c M K"�3a"c�a�K �=a"^LJTM
����_CM N��_  =H6JC_�I�H4{�A�|0�Qc�aCJ�I�HL_Co	�_��

12.4 Acţ iunea culorilor
&=' � _CJ	�_3^=a ` a"^LM K�^ ` H�Ib_CM�H  �K�I�H�J�M K pCH  =H5J�a=c ]�_lIeH�� � ^5JC_  �I�a"c
K�^ ` MhI aCJ�M N K�a"^�K�K�.
�V^ ` MhI�aLJ�M N�K�a"^�K�c H ��Ib_ 
�J�H ��@�9
j=< � {�A�|�� � k�:CA
k=9�[ 
 MhIb_ ` HL_Co	�_ �=a"^CJ�M�H�c H�� � ^5Jla"c ]�_lI�HL_U:CB�~ ��c ] �q_=c��_
J�a"I�H�^LM��_�' D,]�_CM�H��=a"^CJ�M�H�c Hd:CB�~ _�@
_CM�H%� � ^ ���_CMhI��_CM N�H�c�a"c � � �  �K�^RJL_lIeH � _CJ�H �q_lIeM�H �"a=^LJ�Mha=c;� � N` K
` J	��K"� ���_7J�a"c ]�_�I�HL_8� � ^n^C]�a�_nJ�a=c ]�_lIeHn:CB�~ � ^"a���]"M HhG"K ` M _  =]�a��_7J�a"c ]�IbK :CB�~'� � ^n_CJ�H�c _�N` K ���_CMhI��_CM N H�c� � � 
T' ��_CM��_7a"^3HhGqH � �=c�a$.
@"A,:CB�< |�<�� � � � :LB�~ � ���C|����U@�|=Y
;=[!� � :CB�~ # � @�9
j=<�� � ��� 


�V^ ` MhI�aLJ�M N�K�a"^�K�c H nu ` J	��K"� ���_ 5��*5 F �,�fa=c&� � � � � � D1�fa=c N` K � � ��� �C�ha"c�� � ^ ���_CMhI��_CM N H�c H  �K�^ JL_lIeH-��_CJ
�"a"^CJ�M�H � H�c H ` a"^CM K"� �"c K JLK M @�|�@�[=A�" � z=A,:�x��
<!" � ��9�|�; ��"�
T'
j ��[=A N` K=:CB���[=A$;=[ _=a H�� H�J�M�H!� ]�_�I�M�H JLK�a  �_CM�H _ ` a0��Ib_ �"a=^LJ�M�Hlc ]�I
MhIb_ ` _CM�H  =HvK�^ ` MhI aCJ�M N K�a"^qK�c H ��Ib_ 

JTH��
 �a0���_7J�a0� a"I �6HL_Co��_�.

�
j���["A
� � :LB���[=A
;"[��8� � ^ ` HL_��3^��_ MhIb_ ` _lIeHC_ �"a"^CJ�M�H�c ]�I�� � ^5J�a=c ]�_lIeHC_n:CB�~ <

�
j���["A
� � :LB���[=A
;"[��  �aLJTH c _dN` M�H�I �"H�I�HL_ �=a"^LJTM�H�c ]�I6MhIb_ ` _CM�H � ` a"^LMn_  �a ` H c _RJ�a=c ]�_lIeHC_@�|�@�[=A�

<

�
j���["A�� � :LB���[=A
;"[��)��I�]  $aLJ�H K�^LpCH�I ` _lIeHL_ �"a=^LJ�M�H�c ]�I3MhI _ ` _CM�H��  �K�^ :LB�~ � � ^Q@�|�@�[=A N` K
p�K J�H�pCH�I ` _ 

<

�
j���["A�� � :LB���[=A
;"[��dc _ ` �_ �=a"^LJTM�H�c H ^CH ` J	��K"� ��_CM�H���� � ^ ` �_ �4]� �K 
�J	�_ ��]=oLK M N�K�_ a=c M K"� a=c�aqK
@�9�j"<QN` K�Jla"c ]�IbK�c H  �K�^ ���_CMhI��_CM N H�c�a"c!IeH ` ��H�J�M K p � :LB�~��ha"c 
�'

8$' �V^ ` MhI�aLJ�M N�K�a"^�K�c H  =HQJ�a=c ]�_lIeH�� :CB�~ � @�|�@�[=A � z=A,:�x0��< � ��9�|�; � � :LB���[=A
;"[ � j���[=A�
 ��]"M 
 K�^
�` H�Ib_CM�H1� � ^ JC_  �I�a"c"J�Hlc ]�I �$I _ 
�J�H�� ` H	��_�I��_=^  �a
�hc H Jla � ` _=a6Jla � � ^"a N` K=J�a � 
�' � Mha=^LJLK
H�c H pC]�I
_CpLHC_ "]�_lI a=^ H�� HTJ�M c ]�JL_=c � p�_=c _��qK�c� =]�_lI ��H�^LMhI�a K�^ ` MhI aCJ�M N�K�a=^LHL_UI�H ` ��H�JTM K p��_ 
�'
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� ��^ �=c�a ` �!K�^ ` H�I _lI�HL_nc�a�K�@�|�@�[=A � ��9�|�; � ` _=a5z=A,:qx���<�� _CJTH6JC_ �"a=^LJ�M�H�c H7MhI _ ` _CM�H ` �_ ` J��qK"� �qH4_CJ�H"N` M K
�q_lIb_��6H�MhIbK ��H�^CMhI a-� � ^CMhIeH � ���_CMhI+�_CM N�H�c�a"c  �K�^�JL_lI�H-� _CJ ��_�I�M�H"' :CB ��[=A
;=[ N` K j���[=A _CJTM N�K ]�^CHL_Co	�_8� � ^ _CJ�H�c _�N` K
� H�cV'�5 aCM�H	�OIeH�ola0�5_ _CJ�M N�K�a"^CHL_Uc ]�I .

:CB���[=A$;=[ j���[=A _CJ�M N�K�a=^LH
� � �"a=^LJ�M � &
� & �"a=^LJ�M � �=a"^LJTM pLH�J��qK � � � &
& � �"a=^LJ�M � �& & �"a=^LJ�M � �=a"^LJTM pLH�J��qK

� �O^L]=M _CM
.

�
J�a�&7a"^ �"a"^CJ�M JL_lIeH7H ` M�H�� � ^n:CB�~ <

�
J�a � a"^ �"a"^CJ�M JL_lIeH7H ` M�H�� � ^5@�|�@�[=AC<

�
J�a � � �U]���H�Ib_CM N�K�_  "H � ��� F�� \ � � � � ���  "H 
,^�K M��_0� � ^3\ _���K M�]�c�a=c &=&��,F=G�H�IeJCK M N�K�a"c,& 
T'

� _CJ	�_ � � ^LMhI �fa=^!���_CMhI��_CM N�H�c�_CpLH	� _CJ�H�c HC_�N` K=pq_=c ]�IbK���H�^LMhI�a3:LB�~ N` KC@�|�@�[=AC�=^=a � � ^ ` HL_��3^��_ J	�_ � � ^vJL_=c Jla"c _CM�]�I
^"a ` H N` M K H5JL_lI�H �=a"^CJ�M�H ` a"^CM4:LB�~ZN` K$JL_lIeH5@�|�@�[=A '�
 H �=aLM�H	� J�]�^CpqK�^ �"H�� ` J��qK"� ���_=^  Ra"c M�H�IbK ]�I J�a=c ]�I K�c H
J�aUa"^5@�9�j"<;.

@=A,:LB�< @�|�@�[=A 
 � :CB�~ 
 �Z|�<
��� � ����� - ���n@�|=Y
;"[�� �U@�9�j=< @�|�@�["A � � :LB�~����%� � �

12.5 � � � � �
F;
 � � F�= ��*.

point � �"a=^LJ�M����
 D�� � ��*. @�j$:CB�< � x � y �\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

x
H ` M�H�� � ^CMhIeH � N` K 8ls"s��

y
� � ^LMhI�H � N` K &���s�< _=c M�� H�c,] �LM N�K�^LH �>H�Ie]�_�I�H � ',@�j$:CB�<�H ` M�H���IbK"�5_-� a=^LJ�M N K H

��I�H 
�Gl_CM��_ Jla  =]�a��_4_�I ��a��6H�^CM�H��=JL_�I�H MhI�H	�=aqK H �"a ` H1� � ^CMhIeH �q_lI _=^CM�H�o�H"' @�j�:CB�<5H ` M�H1� � ^CMhI&�ha"^5_=^"a��6H ` H�^ `
� a=^LJ�M N K�_5] �"a ` �_4JT]��4H�^LoLK�K$@�9�j"<,'!F�_�� � ^LM�]�_�I�J�H3a"^U^"a0�-�_=I���� ` _=a &���_ ` M�� H�c&.

�
�  �_CJ	�_ �"a=^LJ�Mha=c �

x,y

 H ` M�H�� � ^5J�a=c ]�_lIeHL_U:CB�~�_ ���_CMhI��_CM N�H�c�a"c�a�K c�aqK�<

�
&  �_CJ	�_ �"a=^LJ�Mha=c �

x,y

 H ` M�H�� � ^5J�a=c ]�_lIeHL_3@�|�@�[=A  �K�^ _CJ�H�c ���_CMhI��_CM N�HlcV'

5 aLM�H�M N K�� ]�c ] ` K�@�j$:CB�<��qHl^LMhI�a _7M�H ` M _��� "H ��K�c  ��_���MhI�H�J�HlIeHL_Za"^=aqK  "H ` H�^��4]��qK�c ��I K�^CMhI&�ha"^ �"a"^CJ�M�'

D IeH �"aqK H ` �_4_CMhI _ �=H	� _CM�H�^CM N�K�_5J	� _4MhIb_ ` _lIeHL_ ` H ���4H�^CM�H�c ]�I H5_���Ie]CG"K"�5_CM K p��_�.

{�A�|0�
�*� � & ���n{�A�|�� :CB ��[=A
;=[ � � 
��*� � 
 & �

^"a N` M�H�I �"H ` H ���4H�^LMha=c�Jla M�]"Mha=c �85�H�^CMhI an_ ` M _4MhI�H	�"a�K H ` J�IbK ` .

{�A�|0�
�*� � & �$�n{�A�|�� j���[=A � � :CB ��[=A
;=[�� � 
���� � 
 & � � {�A�|�� :CB���["A
;=[ � � ��� � & �
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12.6 � � �
�

F;
 � � F�= ��*.
CHaRacter � JL_lI _CJ�M�HlI

����
 D�� � ��*. k ��A��
cod\��;D F � � � ��F;. � a"^LJTM N�K H

� F �!\ � ��F � F;.

cod
MhI�H	�=aqK H ` �_ 
�H J�a0��IbK�^ ` �� �a����_3Ie]=Mha"^�2 K�I�H�� � � ^CMhIeH!� N` K�8ls"s�<�� � ^4JL_Co JT]�^LMhIb_lI ` H ] �LM N�K�^LH H�I�]�_lIeHL_ � '

k ��A �8� � ^LM�]�_�I�J�H4JL_lI _CJ�M�HlI a=c�J�a J�]� $a"c cod
'

� \ �ls � ]�c ] ` H"N` M�HRa"^ ` H�M! "H JC_�Ib_CJ�M�H�I�H � ]�I � _CM  �K�^ 8�s�
  =HRH�c H	�4H�^LM�H"' �OJ�c _ ` K 

JC_�I�HQ_Qc ]�I H ` M�H
 �_CM�� _�� � ^R\ _���K M�]�c�a=c���' � �V^��=c�a ` � 

HTJL_�I�HnJL_lI _CJTM�H�I _lIeHUa"^nJ�]� ^"a��6HlI K J � � ]�I �-�_�� � ^ JL_lIeH3H ` M�H  "Hn_=c M�� H�c
N` K �6H	�4]�Ib_CM
� J	�_CJLK �4H	�4]�I K�_ a"^=aqK JL_=c J�a=c _CM�]�I J�]�^CM N�K�^CH  =H � _��LM  "]�_�I4^"a��6HlIeH 
T' 5�H�^CMhI a �3a"c M�H  �K�^
JL_lI _CJTM�H�IeHlc H ` _=c H�� \9� ]�c ] ` H"N` M�HRa"^RJ�]� ` M _=^� �_�I  �K oL_CM
� ^"a�� K M ���!\ � ��'�� �!\ � ��� � ^ ` HL_��3^��_ � � � �4H�I K JC_=^
��M _=^  �_lI  \,]� "H�� ]�I ��^
��]�I �5_CM K ]�^ ��^LM�H�I�J	�q_=^ �"H
)�� _  �K J��_ � � \ ]� $a"c�� �4H�IbK JL_=^ ��M _=^� �_�I  ��H�^LMhI�a ` J��qK"� �
 "H5K�^�� ]�I �5_CM N�K�K )!' � \-� � ^ ` �_ � ]�c ] ` H"N` M�H N` K�JT]  $a"IbK�JC_�I�H3^"a ` a"^CM � �!\ � ����H�^LMhI�a a=^LH�c H! �K�^5JL_�Ib_CJ�M�H�I�H�c H ` _=c H
�  =H _=c M�� H�c�J�]� �a=c����!\ � �� "H ` J�IbK H ^=a0�5_�K,&L8��  =H5JL_lI _CJ�M�HlIeH 
T'
� a0���_RJ�a�� H ` M�H� "HRK"� _ ��K�^q_CM
� J�]� $a"IbK�c H ` a=^LM5J�a���I K�^ ` H�� � ^LMhI�H � N` K 8ls"s!' � ^CHhGl_ � ��H�oCK�^LM��_ �qH

J�]$c ]�_=^q_ &nJT]  $a"c�� � ^��q_CoC_d&��,� ��H JT]�c ]�_=^�_Q8RJ�]� $a"c�� � ^���_CoL_d& 
 N` K ��H J�]$c ]�_=^�_�?ZJL_�Ib_CJ�M�H�I�a"c J�]�I�H��
` �=a"^Co	�_CM�]�I�'R\,H�c H�c _=c M�HUJ�]�c ]�_=^LHR^"a ^LH�K�^CM�H�I�H ` HL_Co��_ ��H�^LMhI�a �6] �6Hl^LM
< ��H�c H�_lI _CM��_3J�]� �a=I K�c H ^"a��6HlI K J�H
_=c H5K�^ ` MhI aCJ�M N�K�a=^qK�c ]�I c K"� ��_�2ha"c�a�K� =H5_ ` _�� �"c _lIeH'= �0��
�'
� ` M���H�c�@=A,:CB�< k ��A�� �����3pq_7M K"���_=I K!c K M�HlI _ � � �5K J 
�'�5 �_=^��_ _�K JLK ^qK"�5K J  =H�] ` H	�qK M�'84 _�K!K�^LM�H�I�H ` _=^LM�H

` a=^LM;� � ^ ` �_ JC_�Ib_CJ�M�H�I�H�c H ��H JC_�I�H � � ^5\ _��qK M�]�c�a=c �3c H�� _�� ^"a�� K M8� � JL_lIb_CJ�M�H�I�H  "H J�]�^CMhIe]$c )
' F!c H _=a4J�]� �a"IbK�c H
 "H c _ �Uc _5?�&=' � ��^q_�K�^LM�H! =H _nc H! �K ` J�aCM _�� ` �_�� � I a ���_���)5JL_=c Jla"c _CM�]�I�a"c ` �_3^LH5_ 
 N` HTo�H5J�H�c Hlc _=c M�H5JL_lI _CJ�M�HlIeH�.


 ��jlA 2 & # � <�j!� 
�

� @=A :CB�< 2���� ���fk ��A�� 2 �� B�[���< 2

\ _�Ib_CJ�M�H�I�H�c H  =HnJ�]�^CMhIe]$c ` H � _�K ^=a0�4H ` JQN` K neprintabile
� �qHl^LMhI�a�J	� _���� ]$c ] ` K M�H0� � ^ K�^ ` MhI aCJ�M N K�a"^LHC_

@=A,:LB�<;�$^"a _=ana=^ H���H�J�M ]���KeN` ^=aqK M�'
� a0���_4J�a�� pCH  "HTM N K �&� � ^ � ^LHhG"_ � 
��"JTHL_ �5_�K � _lI�H!�q_lIeM�H �q]�_�I�M��_ �4H�^LM N K�a=^LHL_ � ��^LH � ]�c ] ` K M�)
' F!c H ` a"^CM

��Ib_CJ�M K J5H�J	��K pq_=c Hl^LM�H3J�a JL_lIb_CJ�M�H�I�a"c�J�a3J�]� �a"c��RN` K
M K"���_=IbK�I�HL_nc ]�I ��I�]� �aLJTH a=^ ` H � ^! "H�� � ^CMhIeH �q_lIeH"'8
 K JCK
]nM _ ` M��_3^"a ��]�_CM�H �=H�^LH�Ib_ � c _ :CB�~
[ ��� 
 a=^ _ ` H	�4H�^LHC_5JL_lIb_CJ�M�H�I�'����_ c H  �K ` J�aCM��_�� ��H5JTH�c H�c _=c M�H�� c�aq_CM�H
` H �q_lI _CM
.

caracterul cu codul 6
^"a0�5K M�� � @=A,:CB�<6p�K�I ��a"c��_ )
';D K"���_=IbK�I�HL_ _CJ�H ` MhaqK=JL_lIb_CJ�M�H�I _�I�H HhGl_CJTM H � H�J�Mha=c���H

JL_�I�H3c � _lI 
Z_Cp=aLM;� � ^LM��_=c�^qK�I�HL_!� � ^ _CJ�H ` M �=a"^CJ�M _3a"^CHLK!p�K�I �$a"c H � � ^ K�^ ` MhI�aLJ�M N K�a=^LHL_7@=A :CB�<,' � ��^CJ�H�I�JL_CM N�K�.

@=A,:CB�<�� - ���Qk ��A � � � � � �

caracterul cu codul 7
^"a0�5K M6N` K1� �VF � � D )
'�D K"���_=IbK M ^"a _�I�Hn^�K JLK a"^nH�� HTJ�M�''5�]�_CM�H 
7� � ^ ` �_3I�H�Mha"I�^q_CM

 "Hn:CB�~�[������=J	�_=^  ` H5_��q_ ` �_ F � � D � \ � � & 
�<

caracterul codificat 8
�B� � J�a"I ` ]�I ` M��_=^ ��_ )
'0DvK"���_=I K�I�HL_ ` _ � aCM��_ ��H3H�J�Ib_=^ J�a=I ` ]�I a=c  =H c _3@=A,:CB�<

J�a6] ���_CMhI��_CM NbK J	�_ ` ��I�H ` M��_=^���_�' F!cqH ` M�H  =H5_ ` H	�4H�^LHC_ �"H�^CH�Ib_CM  "H4M _ ` M _-� � ` �_ �"HL_CM��_ ` M��_=^���_ ) � \ �
� s ��� 
T' � ��^LJ�H�I�JL_CM N K�.

@=A,:CB�<������ # & ���hk ��A ��"���� 
 �
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caracterul cu cod 9
� � � Jla"I ` ]�I  �I�HL_��CM _ )
''D K"���_=IbK�I�HL_Rc�a�K �3aLM��_ J�a"I ` ]�I�a"c ` ��I�H  �I�HL_��LM _�' ��J�IbK H�IeHC_

c�aqK$H ` M�H5HTJ	�qK p�_=c H�^LM��_5Jla K�^ ` MhI aCJ�M N K�a"^CHL_

@"A,:CB�< @�|�@�[=A�"��T:LB�~�"�� ��9�|
; ��"�� z"A,:�x���<�"���:CB���[=A$;=[�� �hj���[=A � ��� �

� H _ ` H	�4H�^LHL_��$H ` M�H �"H�^CH�I _CM  =H4M _ ` M _ � � ` �_ �=HL_CM��_  $IeHL_��CM _ ) � \ � � � 

<

caracterul codat 10
� � � J�a"I ` ]�I�2�] ` )4H ` M�H �"H�^CH�I _CM  "H M _ ` M _-� � ` �_ �"HL_CM��_;2�] ` ) � \ � � 
 
�'1DvK"���_=IbK M
�

^"a _lI�H6H � H�J�M
<

caracterul codat 11
�A� � J�a=I ` ]�I ` a ` ) H ` M�H �=H�^LHlI _CM  "H M _ ` M _�� � ` �_ �=HL_CM��_ ` a ` ) � \ � � � 
T' DvK"���_=IbK M
�

^"a _lI�H6H � H�J�M
<

caracterul cu codul 12
� � � F � F�D F�) H ` M�H �=H�^LH�Ib_CM� "H M _ ` M _ J�a _CJ�H�c _�N` K ^"a��6H�� \ � � � 
�'

DvK"���_=I K M
�!^=a _lIeH4H�� HTJ�M
<

caracterul cu codul 13
� ��F;
 D F ��)RH ` M�H �"H�^CH�I _CM! =HnM _ ` M _ \ � '-DvK"���_=IbK M
� ` HnJ�] � ��]�I�M��_7JL_ a"^

_��q] ` MhI�]	� . MhI�H�J�H �qH I+�_=^� R^L]$a$<

caracterul cu codul 14
� ��a"I �6HL_Co��_ ^=a0�-�_=I�) ^=avH ` M�H �"H�^CH�Ib_CM  "H ^qK"�5K J"';DvK"���_=IbK M�� _CJTH JL_ a"I �7�_CM�]�_lIeH�c H

JLK�^LJLK!JC_�Ib_CJ�M�H�I�H JC_�I�H ` a"^CM ` J�IbK ` H ` �_7^=a _��q_lI��_�� � ��^ _=^CHhGl_ � ` H  =H ` c�a�N` H"N` M�H aCM K�c K M _CM�HL_ c�aqK�'

caracterele 16 - 21
_=a5]RaLM K�c K oL_lI�H�� � ^"I�a� �K M��_��� "H5_CJ�HTHL_Rc H4MhIb_CM��_�� c _C]$c _=c M��_�'

F!c H ` Hn^"a��6H ` J � � J�]$^LMhI�]�c ��
�E )��;� � J�]�^CMhIe]$c 5 �*5 F ��)?�,� � J�]�^CMhIe]$c � � ��� � )?� � � JT]�^LMhI�]�c � � � � � D )��
� � J�]�^CMhIe]$c ��
 � F � � F�) N` K�� � JT]�^LMhI�]�c�� � F ��)!'�DvK"���_=I K�I�HL_7a"^=aqK�_0� _CJ�H JL_7a"I �7�_CM�]�I a=cfJC_�Ib_CJ�M�H�I,M K"���_=I K M
` �_ 
�H J�]�^ ` K  =H�I _CM  �I�H	�LM�� ���q_lIb_��6H�MhI�a )5_=cCJL_�Ib_CJ�M�H�I�a"c�a�K� "H JT]�^LMhI�]�cV' \,H�c H  "]$a��_ JL_�Ib_CJ�M�H�I�H ��J�H�c	 "H
J�]�^CMhIe]$c$N` K �q_lIb_��6H�MhI�a"c ` �_=a 
 _=a4JL_4H�� HTJ�M J�a�� a=c _CMv_CJ�H�c _�N` K�H�� H�JTM ��H JC_�I�H � � cl_=a5K�^ ` MhI aCJ�M N�K�a=^qK�c H! "H
J�a"c ]�_�I�H K�^ ` H�Ib_CM�H�� � ^ @=A,:LB�<��ha"cCIeH ` ��H�J�M K p�. ` J	��K"� ���_ J�a"c ]�IbK�c H c ]�JL_=c H"'�� ^ HhG�H	� �=c�a H ` M�H c��_�� a=I K M�]�I�.

@=A,:CB�< k ��A�� �����fk ��A��!����� - � � -	�q/�� )��
JL_�I�H4H5M�]"Mha=^q_7J�a

@"A,:CB�< @�|�@�[=A������ - � � -	�q/�� )��
� M K�c K M _CM�HL_ a"^L]�I _ ` H	�4H�^LHC_5JL_lIb_CJ�M�H�I�H5H ` M�H4J	�_ ��]"M1��_CJ�H �q_lIeM�H! �K�^CMhI&�ha"^�N` K�I � J��qK�_lI  �K�^5pq_=c ]�_�I�HL_
a"^LHCK p�_lI K�_���K�c HZN` K�I 
 ` _=a��q]=M 
 K�^ ` H�I _CM�H�� � ^Rc K ` M K�^��$a"c ��Ie] ��Ib_�� a=c�aqK ��IbK�^�� Hlc�a"IbK M�HnJ�]�� �qK�^�_CM N�K�K  "H
M _ ` M�H
\ � � E K�^ ` HlIeHL_Co��_nk ��A ����� � k ��A�� �
\ � � ? K�^ ` HlIeHL_Co��_nk ��A ����� � k ��A��!�

� �V^ �6]� �a=c,HhGqM K�^ ` _����_ ` _�I�HL_UM _ ` M�H�c ]�I ^"a��6H�IbK J�H � J�a N` KC�#�_=I+�_ \ � 
5K�^LMhI�]� �aCJ�H _=c M�HnJ�] � ��K�^q_CM N�K�K
 "H JC_�Ib_CJ�M�H�I�H� "H JT]�^LMhI�]�c,J�a �q_lIb_��6H�MhIbK�K c ]�I � � ^ M�HhG�M�' � �V^CJ�H�I�JL_CM N K�' � ��^�_CJTH ` M �4]� ?� �"aCM�H�M N�KC� _CJ�H
c K ` M K�^��$a"c � _�K$K�^LM�H�c K ��K"�qK�c&� �5_�I�J	�_=^  -� H�c�a=I K M�H ���_=IeM N K  �K�^5HlcV'

caracterul cu codul 22
� � J�]�^CMhIe]$c �;D )��"c�aCJ�I�HL_Co	�_ _ ` H	�4H�^CHL_ J�H�c ]�I�
 JL_lI _CJ�M�HlIeH  =H!� _�K ` a ` �
^"a0�5_�K

J	�_ K�^LM�H�I ��IeHTM�HL_Co	�_ a"I �7�_CM�]�_lIeH�c H 84JL_lIb_CJ�M�H�I�H  $IeH �LM ��_�Ib_��6HTMhI K�'�5 I K"�3a"cCH ` M�H y
�fa=c&�"_=c	 "]�K�c HL_

x
�ha"cV'

� ` M�� Hlc&.
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@=A,:CB�< k ��A��!���!� k	��A�� # � k ��A � 
 ��� / 1�' / �
H6HTJ	�qK p�_=c H�^LM J�a

@"A,:CB�< |�< # � 
 � � / 1�' / �

ı̂n fine, caracterul codat 23 ` _=aA� � J�]�^CMhIe]$c�D����;)���c�aLJlIeHL_Co��_5_ ` H	�7�_=^��_CM�]�I
c�a�K?� � JT]�^LMhI�]�c��;D )
'�\ K�a��
 �_CM H ` M�H4J	�_0� ]$c ] ` H"N` M�H M�]"M  "]�K �q_lI _��4H�MhIbK��0 =HlN` K$<�|�zn_lIeH7^LH�pC]�K H! "H3a=^"a"c ` K�^ ��a=I ' � c� "]�K�c HC_4H ` M�H
K ��^L]�Ib_CM�' � H8� _��LM
�

@=A,:CB�< k ��A��!� # � k	��A�� - � k ��A � �
H ` M�H4M�]"Mha=^q_3J�a

@=A,:CB�< <�|�z - ��� 
�� � �
JL_�I�H4H ` M�H7M�]"Mha"^�_3J�a

@=A,:CB�< <�|�z -
�qHl^LMhI�a J��_5_lI �$a0�4H�^LMha=c
c�a�K�<�|�z ` H5K�_ modulo

?=8 � _  �K J	�_3I�H ` Mha"c	� � � ���_=IeM N�K�I K�K ` _=c H3c _ ?=8 
�'
� _CJ	�_ a"^=a"c� �K�^ JL_lIb_CJ�M�H�I�H�c HQ&�
 � 8$&5^=a _lI�H5JL_ � ���q_lIb_��6H�MhI�a ) a"^3JL_�Ib_CJ�M�H�I;� � ^LMhI�Hnc K"�5K M�H�c H4J�H�I�aLM�H
 "Hnp�_=c ]�I K�c H���] ` K"�qK�c H _=c HnJ�a=c ]�I K�K�� ` H3]��CM N�K�^LHUH�Ie]�_�I�HL_ E ' k ��A�� 1 ������]�_CM�H  �_ _CJTH�c HL_�N` K H�Ie]�IbK JL_
@"A,:CB�< |�<nJ�a p�_=c ]�IbK�K�^LJ�]�I�H�J�M�H='
� ` M�� Hlc&�
@=A,:CB�< k ��A�� � � � k	��A�� � �
H�Ie]�_�I�H�E�� 

K�^� HTJ	�qK p�_=c H�^LM J�a
@=A,:CB�< :CB�~ � �

� a0���_3J�a�� ` �=a"^LHC_��A� _CJTH ` M�H5JC_�Ib_CJ�M�H�I�H�� � N` K� =]"pCH  "H ` J aCM K�c K M _CM�HL_Rc _"� ]$c ] ` K�I�HL_ c ]�I�� � ^3pq_lIbK�_��qK�c H N` K�I '
��_CM��_7^qK�N` M�H5HhG�H	� �"c H�.

9�[�< - � & k ��A��!����� k ��A�� 
 � k ��A�� 
 � � / 1�' / � 2 ' -=/"� 1 1$( �
-=. � �n@"A,:CB�< - �
` _=a�.


 9�[�< - ��&��*�
���)��jlA 2 &�� <�j��
��� 9�[�< - �%& - � � k ��A�� ��� � k ��A � 2 � ��� �nA�[�� ��� 1 ( � ��)
�
�=( �=.�/��
� � @�|�@�["A��
� # B�[���< 2
� 
 9�[�< - �)& - ��� - �!� - � � - � �nA�[ � # � ��1 ����-"/ 2�2
��� j���["A����R@=A :CB�< |�<�� � �������d[���[
k=<�[ {�[ A
j=<�|�<!:�[ | klY�9�jlA :�9�jlA�� �� 
 ��jlA 2 &�� <�j �����
# � @"A,:CB�< |�<�� � ��� - �#�
 9�[�< - �%& - � � & <
j � � - � � <�j # �& � B�[���< 2

D,H	�"^�K JL_  "H��5_�K ` a ` H ` K"� �=c��_�.5_�� a=^ N` K�I  "H ` ��_CM N�K�K���
�H�JL_lI�H'� � ^R_=c M��_nJla"c ]�_lI�H"' 4 aLM �4H�I�H�aQc _
J�]�_  ��_ ��IbK"� a=c ` �q_CM N K�a N` K�JL_lIb_CJ�M�H�I�H�c H4J�H�� K� "H 
,^CH ` J5Jla"c ]�_lI�HL_�' ��]�c ] ` H ` J M K"���_=I K�I�HL_  "H ` ��_CM N�K�K�� � ^6j���[=A ���
JL_lIeH c _ ` �_ H�JlI _=^=a"c ^CH ` J��qK"� �q_CM
�� �_�I ` J��qK"� ���_ J�a"c ]�IbK�c H"'
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12.7 � � �
�

F;
 � � F�= ��*.
code � J�]� 

����
 D�� � ��*. k�jl{�[
şir\��;D F � � � ��F;. � a"^LJTM N�K H

� F �!\ � ��F � F;.
k�j�{�[ H ` M�H � a"^LJTM N�K�_ ]��"a ` �_dc�a�Kvk ��A��
' � ��^CM�]�_lIeJ�H J�]� �a"c ��I K"�3a"c�a�K JC_�Ib_CJ�M�H�I  �K�^ N` K�I�a"cv_lI �$a0�4H�^LM�'

k�jl{
[ �*�4H ` M�H �$'
5 aLM�H	� � ]$c ] ` K$k�jl{�[���H�^LMhI�a _4pCH  "HL_  �_CJ	�_3a"^3JL_lI _CJ�M�HlI ` H _�@;�_�� � ^CMhIeH5_=^"a�� K M�H3c K"�5K M�H��� �a0���_7J�a0�

_lI _CM��_ N` K,a=I �-�_CM�]�I�a"c

12.8 Exerciţ iu rezolvat
��J�IbK H�M N K!] ` HTJ�pLHl^LM N �_  "H���I�]��$I _�� JC_�I�H JCK M�HlN` M�HUa"^Q^=a0�-�_=I�� � ^LMhI�H �  =H �5_TG"K"� a�� EUJLK � I�H����#� _=I+�_5_%� ]$c ] ` K
:CB�@"Y�<,'

Rezolvare

�dj���["A
� � :CB�~
�

 9�[�< - �)&������nA�[�� � 2 � ) � � 1�*�) � /�-=/
��� @=A,:LB�< |�< 
 � 
 �%� � -"/ 2 . )�
 -�� )
��� ���� 
 9�[�< � �%& :CB�~
[ ���
��� : � � k�jl{�[ � �"� k�jl{�[ �	� � � jlA � k�jl{�[ � �� k�j�{�[ �	� � � <���["B x
j=<�j # ���" A
[��"� - ( -�� 
 - - �") .�� - 2=(�2 � � 
 - /�-	��/�-"/�� (�2 � ��-��� : � 9�[=B - �"� & <0��[=B 9�[�< - �+& - � � � � � @=A :CB�< � �����

�
jlA>2 & � <
j 
 � B
[���< 2
� 

# � : � � �%& k ��A�� � # <���[=B :	� 9�["B - ���� !� <0��[=B x�j"<�j 
 � �nA�[�� � # &�k�A
#�
 : � � �%& k ��A�� ��� <���[=B :	� 9�["B - �� !� <��
[=B

9�[�< - �0& - � � <
j 9�[=B - �+
 � � � @=A,:CB
< k	��A���"��������hk	��A���"��& � x�j=<
j � 


 � 9�[�< - &	��|�9 - ��� A�[�� - 1 �q/ 1 . )�
 -�� )
�

Comentarii

�
� K�^�K�_d&��ZM�H ` M�HL_Co��_� �_CJ	�_ ` � _Q_����_ ` _CM p"I�H�]dJLK � I+�_ � ` H �q_Co�HL_Co��_ ��H ��_��LMha"c J	�_UJ�H�c Hd& �RJLK � I�HQ_=a
J�]� �a"IbK�c H _=c��_CMha"Ib_CM�H N` K� �K ` �=a ` H0� � ^5_CJ�H�HL_�N` K!]�I  �K�^LH5J�a3JLK � I�H�c H 
T'

�
� K�^�K�_ 8��n_  �_=a ���_ c _n^=a0�-�_=I ^L]$aq_7JLK � I��_��� �_CJ��_5_CJ�H ` M _U^"a _lI�H  "H+2 _5EnJCK � IeH='

�
� K�^�K�_5?0�7pCH  "H! �_CJ��_3^=a ` � _5_����_ ` _CM \ � ' � _CJ	�_  �_nN` K!^"a��7�_=I a=c�_�I�H JTH�c��=aLM N K�^6]3JLK � I��_��"K H ` H! �K�^
�"aLJlc _  "H5JLK M K�I�H8� ]�I � _CM��_  "H c K�^qK�K�c H &Ts'�vE���'

�
� K�^�K�_n?�snpCH  "H  �_CJ	�_ ^"a ` � _3_����_ ` _CM � F � F�D F ��H�^LMhI�a�_ N` M�H�I �"HUa"c M K"�3a"c�JL_lI _CJ�M�HlI ' � _CJ	�_ ` � _
_����_ ` _CM
��_CMha"^CJLK�� � ^5JL_Co7J	�_ N` K�I�a"c
_lIeH4J�Hlc �"aCM N�K�^na=^ JC_�Ib_CJ�M�H�I���� � c"HhG�MhIb_ �"H �qH a"c M K"�3a"cV' � ��c N` M�H�I �"H N` K
 "H ��H4H�J�Ib_=^$� �3aLM��_=^  Jla"I ` ]�I�a"c,c _ ` M��_=^ ��_ ��k ��A��!" 
�� ` J�IbK�K�^� a"^ ` �q_CM N�K�a N` K� �K�^ ^L]$a ` M��_=^���_�'

�
� K�^�K�_5s��3HhG�MhI _ �=H6p�_=c ]�_lI�HL_n^=a0�-�_=I�a"c�a�K�� � � ^5p�_�IbK�_��qK�c _ - '
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12.9 Exerciţ ii
&=' ��J�IbK H�M N�K a=^ ��I�]��$I _�� JL_�I�H ` �_ �5KeN` M�H _=c HL_CM�]�I ��H HTJ�I _=^ a"^����_�K�_=^ 2�Hl^$�!JL_lIeH ` �_ � � M N HL_ ` �_ )n] ���_=^Co	�_

� � ^na"I � _ ` _�'
8$' ��J�IbK H�M N�K a"^ ��I�]��$I _�� ��H�^LMhI�anJ�]�^CpLHlI ` K H �$I _  =H�� I _  �K�_=^qK � � � ?�'�&�E!&�s �=8 
T'
?$' ��J�IbK H�M N�K a"^ ��I�]��$I _�� JL_lIeH � K�N` J	�_ ��HRH�J�Ib_=^ a=^� "H ` H�^$� J�] � �=a `  �K�^ �5_TG"K"� a��>s ` H ���4H�^LM�H
� ���_ ` K M N�K!]��4H�M�]� ��_ ��H�^LMhI�a�_��hc
_�2 aLM _ ��HnaCM K�c K oL_CM�]�I ` �_5K�^CMhIe]� $aLJ	�_  "H ` H�^"a=c 
4J�a _�2 aLM�]�I�a"c
_ ��_CMhI a
M _ ` M�H"'

E!' ��J�IbK H�M N�K a"^ ��I�]��$I _�� ��H�^LMhI�a-�#�_CJlaLM  "H ` H�^LH%/Da"^ �"a"^CJ�M!�5KeN` JL_CM Jla ]��CMvM _ ` M�H3c _ ` �_ a"I �6H"'
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Chapter 13

Subrutine ş i trigonometrie

� ]�� � � ^Lp��_CM Nb_4J	� _CM�H4J�H�p�_  "H ` ��IeH�� a"^LJTM N�K�K�c H4MhI K �=]�^C]��4H�MhI K JTH N` K� =H ` ��I�H ��Ie]�J�H  $a"IbK � ` a0��I�aLM K�^CH 
�'

�
@
:�� ��H�^CMhI aR^"a��7�_=I a=c"]��4]�^�K"�A<

�
x
j�;lY�z;����H�^CMhI a _7HhGqHTJ�aLM _ ] ` a0��I�aLM K�^��_�<

�
A
[�<=Y�A�BC� ��H�^LMhI�a _�� � ^CJ	�LHCK�_3] ` a0��I�aLM K�^��_�<

�
� a"^CJ�M N�K�K�MhIbK �"]$^L] �6H�MhIbK J�H�.

–
;$:LB � ��H�^CMhI a ` K�^=a ` <

–
k�j�;�� ��H�^CMhI anJ�] ` K�^"a ` <

–
<�|"B � ��H�^CMhI anM _=^��=H�^LM��_�<

–
|�;�B � ��H�^CMhI a _lIeJ ` K�^"a ` <

–
|�k�;�� ��H�^CMhI a _lIeJ�JT] ` K�^=a ` <

–
|�<"B � ��H�^CMhI a _lIeJ�M _=^ �"H�^CM��_�'

13.1 ���
F;
 � � F�= ��*. p�K�^LH  �K�^ c K M�HlI _ ��I�H�J�HL_ ` J	�_7J�H ��]�_�I�M��_5_CJTH�c _�N` K ^=a0�4H*/ �

����
 D�� � ��*. @!:
\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
@!: H ` M�H ]B� a=^LJ�M N K H �#�_=I��_ _�I ��a��6H�^CM�H�<  =H 
�H�JC_�I�H  �_CM��_ J	�_=^� HL_dH ` M�H K�^CpL]�JL_CM��_��1� � ^CM�]�_lIeJTHQpq_=c �

]�_lI�HL_4_���Ie]CG"K"� _CM K p��_ _7^=a0�-�_=I�a"c�aqK=] �6]$^qK"� J�H�c H	��I�a5J�a4JL_�I�H �5_CM�H	�5_CM K JLK H�^�K�K�^L]=M�HL_Co	� _5Ib_���]�IeMha=c	 �K�^LMhI�H
c�a"^ ��K"�4HL_ a"^=aqK J�H�I�J N` K J�HL_ _� �K�_��4H�MhI�a"c�aqK ` �_=a�' � ��^ ��� ����\ � @!: ` H�� ]$c ] ` HlN` M�H-� I�H�J�pCH�^CM
� ��H�^CMhI a J	�_
a"^ ����K�a"IbK�c H ` a=^LM5H G ��IbK"� _CM�H8� � ^RIb_  �K�_=^�KvN` K ^"a�� � ^ �$I _  =HZN` K� �a0���_UJ�a�� N` M K"��� c _ � I _  �K�_=^qK J�]�I�H ` �"a"^  
&����  =H ��Ib_  "H=' & ��Ib_  � @!: 'R& �0� I _  �K�_=^qK�'
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{�A�|�� ����� � � � 
=@!:

p�_�� _CJTH a=^ ` H	� K JTH�IeJ7J	�_CM �5_�K�_���I�]�_���H  =H K  =HL_=cV'

13.2 � � �
�
�

F;
 � � F�= ��*.
GOto SUBroutine �  $a
��M�Hnc _ ` a0��I�aLM K�^��_����
 D�� � ��*. x�j�;lY�z

etch\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

etch
H ` M�H p�_=c ]�_lI�HL_ a=^LHLKlH�M K J	�CH�M�H���_=c M�� H�c ` a"I�p�K�^LH H�Ie]�_�I�H�� ' � ] �  =H ` JlI K H _�K JLKCK  "H�HL_ JL_lIeH ` H ���_ ` H"N` M�H

� � ^ ` �q_CM�H�c HQ_CJ�H ` M�HLK K�^ ` MhI�aLJ�M N K�a"^qK�< �6]� $a"c,HLK  "H�� a"^CJ�M N�K ]$^q_lIeH�� � c pC]��>H G �=a"^LHQ_���K�_  $a0���_ ��I�H�o�H�^CM _�I�HL_
K�^ ` MhI aCJ�M N�K�a=^qK�K a=I �-�_CM�]�_�I�H �bA�[�<=Y�A�B�

��Jla JL_lIeH ` H*��]�c ] ` H"N` M�H�� � ^LM�]"M  =HL_=a"^�_�� � � ��I�H�a=^��_�'
��]�_lI�M�H _  =H ` HC_��#� � ^ ��I�]��$I _��4H ` HvK pLH"N` M�H ^CH�J�H ` K M _CM�HL_�� ]$c ] ` K�I K�KCa=^LHLK=_CJ�H�c HLK�_�N` K ` H�JTpLH�^CM N H  "HvK�^ ` MhI�aLJ�M N�K�a"^�K�'� H �qK�c  ��_��=a"^!��Ie] ��Ib_�� JC_�I�H ` J�IbK H�� ` JlI K H�� ` JlI K H ��HvH�JlI _=^ ��_ ��K�^�K3� � ^LMhI�H ��K���pq_ _���H�c _ _  "H ` HL_7c _ ] ` H�J�pCH�^LM N �_

 "H c K�^qK�K���IeH�Jla0�>a=I �-�_CM�]�_�I�HL_�.


 � @=A,:LB�< |�<
��� � �����T{ - ( - -=/ 2 / 1 � 
 2 .�-=/ � /�-	��/�-"/ 2 ("1=* - ��� �� � :	� :CB�~�[ � � &����d<��
[=B x�j=<�j � �
��� :	� :CB�~�[ � � �� �*� <0��[=B x�j=<�j!���
� J�HL_ ` M��_ ` H�J�pCH�^LM N��_�_�N` M�HL_��LM��_Q_����_ ` _lIeHC_da=^LHLK M _ ` M�HdN` K _��q]�K Hlc K"�qHlI _lIeHC_ HLK�' 5$H�^LMhI�a _ ` K"� �"c K 
�JL_

c�aLJlI a=I K�c H��5_lI 
$�3a"c M��5_�K J�]$^LpCH�^q_���K�c ` �_ �"aCM�H	� ` J�IbK H _CJTH ` M�H c K�^�K�K ] ` K�^��$a"I��_  �_CM��_ N` K��!��IbK�^LMhI �fa=^
��I�]�JTH  "H�an]�_=IeH�JC_=IeH�� ` �_5c H5K�^CpL]=J	�_��  "H4J	�_CM�H ]�I K$_CpLH	�O^CH�pL]�K H"'�� _ ` M�� H�c� "H ` H�J�pCH�^LM N �_! =H K�^ ` MhI�aLJ�M N�K�a"^�K
` H3^=a0�4HlN` M�H subrutină ` _=a procedură

' \ a�� � a"^LJTM N�K ]�^CHL_Co	�_4] ` �_ pCH  =H	� K"�4H  �K�_CM�'

13.3 � � � � � �
F;
 � � F�= ��*.

return � � � ^LM�]�_�I�J�H�I�H
����
 D�� � ��*. A�[�<=Y�A�B
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
A�[�<=Y�A�BQH ` M�H�� � ^LM�]"M  =HL_=a"^�_ a"c M K"�5_ K�^ ` MhI aCJ�M N�K�a=^LHR_Ra"^CHLK ` a0��I�aLM K�^LH�� K�^� �K J��_=^� ` �3�_=I N` K Mha"c�H GqH�JlaLM N K HLK

HLK�' � NhK!_CJ�a�� ` �_4pLH  "H	� Jla0� ` H6JT]�^ ` MhI a�K H"N` M�H7] ` a0��I�aLM K�^��_ N` K$J�a0� ` H5K�^LpC]�J	�_�.
��H�J�pCH�^CM N _  "H c K�^qK�K,JlaQaLM K�c K oL_lI�H-� IeHTJ�pLHl^LM��_ ` H ` J�I K HU] ` K�^��$a"I��_  �_CM��_��  =H���IeH���H�I K�^CM N3�_ ` ��I�H ` �3�_=I N` K Mha"c

��I�]���Ib_��3a"c�aqK�'�� c M K"� _ K�^ ` MhI�aLJ�M N K�a"^LH4_ ` H�J�pCH�^LM N HLK=H ` M�H A
[�<=Y�A�B '=\1�_=^  ` H K pLH"N` M�H5^CH�J�H ` K M _CM�HL_4HhG�H�J�aCM��_=IbK�K
` a���I aCM K�^LHLK���� � ^5M�HhG�Mha"c ��Ie] ��Ib_�� a=c�aqK ` H K�^ ` H�I�HL_Co	�_nK�^ ` MhI�aLJTM N K�a=^LHL_3x�j�;lY�z etch

� a"^� =H
etch

H ` M�H ��IbK"�5_
H�M K J	�CH�M��_  �K�^ ` a���I aCM K�^��_�'!D,]"Mha=c	� a"^CJ�M N�K ]$^LHL_Co��_3_ ` M�� H�c&.

\1�_=^� ` H8� � ^CM��_=c�^LH"N` M�H K�^ ` MhI�aLJ�M N K�a"^LHC_ x�j�;lY�z etch
� ` H �4H	�4]�IeHC_Co	�_3a=^� =H�pq_ � �qH _�N` _U^"a�� K M _ stivă

GOSUB

 c ]�J�a"c,a=^� =H _8� ] ` M�� � ^CM��_=c�^qK M��_4K�^ ` MhI�aLJTM N�K�a"^CHL_ � c K�^�K�_nN` K ^"a��7�_=I a=c"K�^ ` MhI�aLJTM N K�a=^qK�K 
T' � ��]�K ` H���_CJ�H

a"^ x
j=<�j
etch

' �V^ ` MhI�aLJ�M N�K�a"^�K�c H ` a���I aCM K�^LHLK ` H HhG�H�J�aCM��_ JL_ ] ` H�J�pCH�^CM N3�_ ^L]�I � _=c��_  =H5c K�^�K�K�' � _ HhG�H�J�aLM _lI�HL_
K�^ ` MhI aCJ�M N�K�a=^qK�KlA�[�<"Y�A�B ` HvJCK M�HlN` M�H  =H ��H ` M K p�_ x�j�;�Y�z3c ]�J�a"c  "H4a=^� "H ` � _ H GqH�JlaLM _CMvK�^ ` MhI�aLJ�M N K�a"^LHC_ x�j�;lY�z
N` K ` H3I�H�p�K�^LHnc _3K�^ ` MhI aCJ�M N�K�a=^LHL_nK"�4H  �K�_CM a"I �-�_CM�]�_lI�H"'
� J�HL_ ` M��_ ` J��LH	�-�_ H ` M�H0� ]�_lIeM�H�@�HhG"K"�qK�c�� _ M�]�J � _�K ��H�^LMhI�a5J	� _ A�[�<=Y�A�B3H ` M�H7a"^8� H�c	 "H x
j=<�j5_=aCM�]��5_CM
.

��I�]�JTH  �a=I _ZIeH�p�K�^LHUc _3c ]�J�a=c� �K�^5JL_lIeH3_�� ] ` M J��LH	�5_CM��_nN` K,^=a�� � ^CM�]"M  "HC_=a"^q_8� � ^ _CJTH�c _�N` K c ]�J"'
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5�H�^CMhI a5J��_ ] ` a���I aCM K�^��_ ��]�_CM�H4J	�LH � _7c _3I��_=^  �a"c=HLK�] _=c M _���� � ^CM�]�_lIeJ�HlIeHL_  �K�^4J�HL_  �K�^na"I �-�_ MhI�H	�=aqK H
` �_ ` H8� _CJ��_�� � ^ ��IbK"� _��,N` K� �K�^ ��IbK"� _ � � ^ ��I�]���Ib_��n' � H�JCK c ]�Jla"IbK�c H  "Hna=^� =H ` � _=a5J	�CH	�5_CM ��I�]�J�H  �a=I K�c H ` H
HhG�MhI _ �� �K�^ ` M K p��_8� � ^ ]�I  �K�^LH K�^CpLHlI ` �_nJ��LH	�-�_=IbK�K�.5a=c M K"� _n_���H�c _CM��_%/.��IbK"� _nK H"N` K M��_ � � � ^ Hl^���c HTo	�_ last in
first out

��_  �K J	�_ ��I�H ` J�a"I�M _CM LIFO

T' � J�H ` M �4]�  "H�� �����_ ` MhIb_�I�H
)n_5K�^
��]�I �5_CM NbK HCK�H ` M�H4JL_lIb_CJ�M�H�IbK ` M K Jna=^"aqK

]���K H�J�M5K�^
��]�I �5_CM K J5JL_lIeH ` H ^=a0�4H"N` M�H stivă
'%D,]"M _�N` _ H�N` K,] ` M K p��_  "HnJ��_=I�M N�K � _�N` H�oL_CM�H3]�I K oT]�^LM _=c&� a"^q_

��H ` M�H3_=c M _ 

. ��]"M N K!c�aq_ ^"a�� _�K$JL_lIeM�HL_  =H! "HL_ ` a0��Ib_�� a=c M K"� _ �"a ` �_�'
���_ pLH  =H	�>^�KeN` M�H5HhG�H	� �"c H�.
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H�� HTJ�Mha"c&.
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� (l1���) ��- � ���
k=0�1�
 - 
 ���
� (l1���) ��- �������� � ) .�/ 1�
 2 ."��� � ("1���) ��- ������������
� ("1���) �
- � (�0
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� (l1���) ��- � ���������� - 
 � 1=*�1 . 2 / 2 . �!�������� ) .�/ 1�
 2 ."���
� � ��- 
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� ��� 2 . (
2 ��- �
� H ` ��I�H5H�I�]�IbK�.

� ` Hn]��CM N�K�^LHnH�I�]�_lI�HL_��  �_CJ	�_ ` H�� � ^LM��_=c�^LH"N` M�H a=^nA�[�<"Y�A�B N` K ^qK JCK a=^�x�j�;lY�z�JT]�IeH ` �"a=^Lo	�_CM�]�I6^=a�_
� ] ` M HhG�H�J�aLM _CM � ^=a �5_�K"H ^qK JLK$]*� � ^"I�H ��K ` MhI _lI�H ��H ` M K p��_ 
T'

�
 �_CJ	�_ ` M K pq_ ` HQa�� �=c H � � � ^LMhI�HL_ ��_ �6H �6]�IbK H*� � ^ JL_lIeH ` � _lI!�"aLM�HC_QHhG�M K�^� =HRH ` M�H � ]$c ] ` K M��_ 
 �"aLM�HTM N�K
]��LM N K�^CH H�I�]�_lI�HL_4E
' �
M K pq_ � � �;��� � � J�I�H"N` M�H�)  =H5c _ ` �#�_=I N` K Mha=c0�4H	�6]�IbK HLK ` ��I�H � � ^CJ�H	�=aLM
� ��I�]���Ib_��3a"c
��������\ �fN` K=pq_lIbK�_��qK�c H�c H ` _=c H 
  =H5c _!� � ^CJ�H	�"aCM ` ��IeH ` �#�_=I N` K M�' � H�JLK���I�]���Ib_��3a"c�N` K ` M K p�_4_=a�� � � ��I�H�a=^��_
] _=^"a0�5K M��_ JL_=^LM K M _CM�H  "H �4H	�4]�I K H ��H JL_lI�H5]�� ]$c ] ` H ` J"' � _CJ	�_7J�H�c H  "]$a��_ ` H�� � ^CM��_=c�^LH ` J��!_CMha"^LJCK
` H4]��CM N�K�^LH5H�I�]�_lI�HL_5E!'
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� ��I�]�JTH  �a=I+�_ ` H���]�_CM�HR_���H�c _ ��H HL_%� � ^ ` �_�N` K�' � Mha=^LJLK HC_ ` HR^"a��6H"N` M�H recursivă
':5 IbK�^�� H�c�a=I K M�H

�4H�JL_=^qK ` �6H  "H ��Ie] ��Ib_�� _lI�H��,MhI�H	�"a�K H ` �_ ` H�_ ` K �$a"I�HnJ	�_U_CJ�HL_ ` M��_ _=aCM�]	� _���H�c _�I�HQ^=a ` Hnpq_ ��H�MhI�H�J�H c _
K�^ 
,^�K M�'���_CM��_7a"^3HhG�H	� �=c�a$.


 9�[�< -�� 1��=) � 2 & ���$� x�j�;�Y�z �������
��� ;=<�j=@
������� @=A,:CB
< -�� 1��") � 2���� ���
������� 9�[�< -�� 1��=) � 2 & -�� 1��") � 2 
 �
������� :	� -�� 1��") � 2 �� �� <���[=B x�j�;�Y�z �������
��� # � A�[�<=Y�A�B

J�a3H�� H�J�Mha=c&.

���!��"�� ��
�&
# ���
� ��^LJ�H�I�JL_CM N K ` �_�� � ^LM N H�c H �"H�M N K J�a0� �4H�I �"H ��I�]�J�H  �a=I _ _=^LM�H�IbK ]�_lI+�_�' � H"N` K ��Ie]�J�H  �a"IbK�c H I�H�J�a=I ` K pLH%��]"M

���_=IeHC_5c _ ��IbK"� _ pCH  "HlIeH4]5JLK�a  ��_CM N H�^qK H5K�^"aCM K�c��_���Hlc H ` a=^LM a=^6] �qK H�JTM K�^�� ]�I �5_CM K J!� ]�_lIeM�H4aCM K�cV' � K�^ ���_CJL_CM�H��
c K"� �q_�2ha=c ��������\ �� �_CM�]�IbK M��_ ` c��_��qK JCK�a"^qK�K
J�a5JL_lIeH0� ]�c ] ` H"N` M�H6_CJ�H ` M J�]$^LJ�H	�CM � ^=a _�I�H7� � p�_�IbK�_��qK�c H7c ]�JL_=c H
)�N` K
^qK JCK1� � ��_�Ib_��6HTMhI K )���H�^CMhI a���I�]�JTH  �a=I K 
7^"a ��]�_CM�H ��H�^LH 
�JLK�_  �K�^ �"c K�^  =H�� ]�I�M Nb_3_CJ�H ` MhaqK �4H�JL_=^�K ` �n'
�!H�J�]��5_=^� ,�_�� _CMhI K"�=aqK�I�HL_da=^"a�K ^"a0�4H 
�H�J��_=I�HLK ��I�]�J�H  $a"IbK6N` K � ]$c ] ` K�IeHL_ ` _%� � ^ c ]�J�a"c H�M K J	�CH�M�HLK  "H

� � ^CJ�H	�=aLM�' � J�HL_ ` M _ � _CJ�H ��Ie] ��Ib_�� a=c�� _�K$a�N` ]�I  "H ` J�IbK ` N` K� =H  "H �q_=^q_CM �fN` K� $a0���_4J�a�� ` H  =H  �aCJ�H3JLK M K�^� � ^CHhGl_ ����J	��K�_�I �5_�K ` J�a"I�M � 
�' F=GqH � �=c�a$.

�d9�[�< /�-	�q/�- &���������������

 � x�j�;lY
z /�-	��/
-�������
����� ;=<�j=@
������� A�[�� ���
� ("1���) �
- (�2 / 1 ��/ 1 /�-
��/�-�������
�*����� A�[�<=Y�A�B

� I �-�_CM�]�I�a"c ��I�a0�  "H K�^ ` MhI�aLJTM N�K�a"^�K�� _CJ�H ��_�I�M�H  �K�^���I�a0�=a"c�� a=^LJ�M N�K�K�c ]�I trigonometrice
' � J�H ` M�H1� a=^LJ�M N�K�K

_=a  �I�H	�LM5_lI �$a0�4H�^LM�H �7�_ ` a"IbK  "HUa"^��,�qK�a=I K N` K  �_=anJL_RI�H�o�a=c M _CM�HR^"a0�4H�I�H I�H	�5_�I�JL_���K�c H��,JL_lI _CJTM�H�I K ` M K J�H
a"^ ����K�a"c�aqK�_lI �$a0�4H�^LM�' � ��^ ��������\ a=^��,�qK�a"IbK�c H ` H  �_=a � � ^CM�]"M  "HC_=a"^q_ � � ^5Ib_  �K�_=^qK ��pLH�oCK�\ _��qK M�]$c�a"c"&L8�
�' \,H�c H
�5_�K�K"� ��]�IeM _=^CM�H�� a=^LJ�M N�K�K�MhIbK �"]�^C]��4H�MhIbK J�H ` a"^LM
. ` K�^=a ` ��JT] ` K�^=a ` ��M _=^��=H�^LM _nN` K�J�]=M _=^��=H�^LM _�' F=GlK ` M��_ � _�K
�3a"c M�H �6]� $a"IbK  =H  =H 
,^qK ` K�^"a ` a"c �fN` KTJ�H�c H�c _=c M�H!� a=^LJ�M N K�K�MhIbK �"]$^L]��4H�MhIbK J�H 
 a"^"a�K�a=^�����K�� M�]�_CM�H H�J	��K pq_=c H�^CM�H 

<
pC]��  �_R_�K JLK a"^�_ JC_�I�HQ^�K ` H��q_lIeH��5_�K ` K"� �"c��_�' ���_nJ�]$^ ` MhI a�K"� a"^UMhI K�a=^�����K  �I�H	�CMha"^��,�qK J ��� \ �!J�a
a"^ ����K�a"c � � ���
� � 5 �)'"83Ib_  � I _  nH ��I�H ` Jla"I�M _�I�HL_  "H3c _ I _  �K�_=^qK 
�'85 I K�^  =H 
,^qK M N�K H��
_CpCH	�A.

�
�

��
�

�

� �

\

` K�^=a ` ��� )�� ���	��
 � � JL_CM�HTM _3]��"a ` �_ ` a���I _nK"��]"M�Hl^"aLo��_�<
J�] ` K�^"a ` � $ � � � � �

 � � JL_CM�HTM _n_=c��_CMha"Ib_CM��_ ` a0��Ib_ K"��]"M�Hl^"aLo��_�<
M _=^��=H�^LM��_ ��� )�� ���
��
 � � JL_CM�HTM _3]��"a ` �_ ` a���I _3JL_CM�HTM _ _=c��_CMha"Ib_CM��_�'
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� �!] �7�_=^qK�K$^L]=M�HL_Co	�_ M _=^��"Hl^LM _3J�a-D � ��H�^ ��c H�oLK�K!Jla'D��*
v' 

\,]"M _=^��=H�^LM _ ^"a5H GlK ` M��_!� � ^ ��������\ � \ ��_�N` _4J��_3^=a _��� "H 
 ^�K M�� ]!' \ _ ` �_5^=a ` H4oLK J	�_  "H ` ��IeHn^C]�K$J	�_

^"a N` M K"�A��_  ,�_=a ���_�� J��_4HL_3H ` M�H! "H 
,^�K M��_3JL_ \ ��D � � &�'	D��8
 � '
� ��^LMhI�H _CJ�H ` M�H0� a"^CJ�M N�K�K=_CpLH � M�]"M;��H�c�a"c	 "H4I�H�c _CM N K�K"K�^LM�HlIeH ` _=^LM�H��  �_lI
JL_lI�H  "H�]�JL_��! �_CM��_4^"a7^LH���]�c ] ` H ` J='

���_4]�� ` H�I�p��_�� J	�_"� a"^CJ�M N�K�K�c H7MhI K �=]�^L] �6HTMhI K J�H ` a"^LM  =H 
,^qK M�H�N` K ��H�^CMhI aRa"^ ����K�a"IbK  "H �qH ` M�H �0�  "H ��Ib_  "H��
J�H�HC_3J�Hna"^3MhI K�a=^��,�qK  �I�H	�CMha"^��,�qK JU^"a �q]�_CM�H _CpCHL_�'


 aQK�^LMhI��_�� � � ^R_=c M�H ` a0�CM K�c K M��_CM N�K MhIbK �"]�^C]��4H�MhIbK J�H�� c HRc��_ ` �_�� ��H ` HL_�� _Za"^=aqK J�a=I `  "H � _CM�H � _CM K J	�_
�  =H"N` K ��Hna=^LH�c H c H6pC]�� � ]$c ] ` K�'f'C' 
T'

13.4 � ���
F;
 � � F�= ��*.

SINus � ` K�^=a `
����
 D�� � ��*. ;$:CB

u\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

� � ^CM�]�_lIeJ�H ` K�^"a ` a"c,a=^�����K�a"c�a�K
u
�� �_CM � � ^3Ib_  �K�_=^qK�'

13.5 � � �
F;
 � � F�= ��*.

COSinus � J�] ` K�^=a `
����
 D�� � ��*. k�j�;

u\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

� � ^CM�]�_lIeJ�H4J�] ` K�^=a ` a=c,a"^ ���qK�a=c�aqK
u
�� �_CM � � ^nIb_  �K�_=^qK�'

13.6 � � �
F;
 � � F�= ��*.

TANgent � M _=^ �"H�^CM��_
����
 D�� � ��*. <�|=B
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H ` M�H�N` K�� ]�I � a=c _5JC_�I�H �5K�N` J��_ c K"� ��_ ` H�J�a=^� �_�I�a"c�a�K�.5J	� _=^� N` M K�aRa"^ ����K�a"c,HLK,Jla pCH�I�M K JL_=c _ � p�_�IbK�_��qK�c _Ua ` 

��]"M ` �_ ]5MhI _ ` H�o ��H�^CMhI a5J��_!� � K�N` M K�a a=^6JL_����_CM N` K$c�a=^���K"�4HL_�' � H ` H�^q_lI�HL_ ` H�� _CJ�H1� � ^ ` a0��I�aLM K�^q_  "H3c _7c K�^qK�_
&���� � � 1$(q) . � - 
�' D I _ ` _�I�HL_ ` H-� _CJTH  "H  "]$a��_U]�IbK�� ��H�^CMhI aQJ��_�� � ^LM��_�K N` M�H�I � c K"� �q_ � c K�^�K�K�c H ����� 
������ 

�
_���]�K$JL_=c J�a=c H�o ^C]�a=c
a=^�����K � ��� 
 
�� # � 
 N` K$]  "H ` H�^CH�o�� � ^n^C]�a�_ ��]"oCK M N�K H � � #�
 
�� 
 � 
�'
� J�H�HC_�N` K �4H�M�]� ��_��	 �K�^4MhIeHCK �q_�N` K��fN` M�H�I �?��JC_=c J�a"c H�o��� "H ` H�^CH�o 
 H ` M�H�� ]$c ] ` K M��_6N` K ��H�^LMhI�a JTH�c H�c _=c M�H  =]�a��_

c K"� �qK�'�� JTH ` M�HL_ ` a=^LM MhIb_ ` _CM�H ^"a�� _�KCJ��_=^� ` H �3aLM��_  "H c _4a=^6c ]�J c _ _=c Mha"cV' � � N` _ J�a0� _lI _CM��_��	��I�]���Ib_��3a"c
�3aLM��_ c K"� ��_5]�I�H�c ]�I ^"a0�5_�K  �K�^n]�I+�_�� � ^5]�I��_�' \,H _lI MhI�H	�"a�K��#� _CJ�aLM JL_ ` �_4] � aCM�H �5_�K� "H ` ( 
 � K � H�I�H�^CM N�_
H ` M�H J	�_ c K"� ��K�c Hv]�I�H�c ]�I N` K �5K�^"aCM�H�c ]�I
_=a ]�� ]�I �-�_ �3a"c M � _�KlJ�]�� �"c K JL_CM��_��  �_lI _ ` H �7�_=^��_CM�]�_�I�H"' � H _CJ�H�HC_
_�� ` J�IbK `5` a���I aCM K�^q_� =HRc _ c K�^qK�_ 
 �������,JL_lIeH���IbK"�6H"N` M�H8� � ^ p�_�IbK�_��qK�c Hlc H �") . �,2 
$1 N` K,) . ��0,2  =H ` JlI K H�I�HL_
c K"� �qK�K	 =H MhIb_ ` _CM N` K
]  =H ` Hl^LHL_Co	�_�'�� � ` HlIep�_CM N�K=JL_ ` a���I aCM K�^q_7H ` M�H  "H4_ ` H	�4H�^LHC_4J	�LH � _CM��_  "H J	�_CM�H  =]�a��_
]�IbK�� �qHl^LMhI�a _UN` M�HlI �=H N` K� =H ` Hl^q_��  "H 
�H�JC_�I�H  �K�^ ��Ie]�J�H  �a"IbK�c H �qHl^LMhI�a �5K�^"aCM�H N` K ` H�J�a=^� =H"'

5 Ie]�J�H  $a"IbK�c H ��H�^CMhI a4JL_=c J�a=c�a"c�a=^�����K�a"IbK�c ]�I ^=a ` a=^LM ��IeHC_ JT]�� �"c K JL_CM�H"' F!c H ` H �q_CoTHL_Co	�_ ��H4IeH �$a"c _  "H
MhI�HLK ` K"� �=c��_ �qHl^LMhI�a _7JL_=c J�a"c _ � � ^LM��_�K=J	�_CM�H ��Ib_  "H�� N` K�_���]�K�J	� _CM NbK I _  �K�_=^qK$J�]�IeH ` �"a=^� a"^=aqK ^"a��7�_=I� �_CM  "H
` HTJ�a"^  "H�� IeH ` ��H�J�M K p � K�^=aLM�H N` K!]�I�H"' ��]�I �3a"c _8� _CJTH  "HL_=c M���H�c N` K�] �qK H�J�Mha=c a=^"aqK HhG�H�IeJCK M N K�a�� ��I K�^CMhI&�ha"^ _=c M
JL_���K M�]�cV' � _�IbK�_��qK�c Hlc H ) � ��)�
�N` K=)�0 ` a"^CM1� ]$c ] ` K M�H ��H�^LMhI�a _ �6H �6]�Ib_ pq_=c ]�IbK�c H4a"^ ����K�a"IbK�c ]�I ` H�J�a=^� �_lI�a"c�aqK��
�5K�^"aLM _lI�a"c�aqK�� IeH ` ��H�J�M K p ]�I _lI�a"c�aqK�' � ^ ���qK�a=c ` HRHhG���IbK"�7�_�� � ^ Ib_  �K�_=^qK N` K ` H JC_=c J�a"c HL_Co��_ IeH�c _CM K p c _Q_TG"_
pCH�IeM K JC_=c��_�'

\,H�c��5_�K�K�^CM�H�IeH ` _=^LM H ` M�H�� � ^ ` �_ �4]  $a"c� "H5MhIb_ ` _lI�H _=c�a"^CHLK c K"� �qK��!I�HL_=c K oL_CM  "H ��Ie]=J�H  �a=I _"� � ^CJ�H	��� _=^� 
c _ c K�^qK�_ 
 ���*�!'85�H�^CMhI an_�� � ^LM N H�c H �=H �5_�K �qK�^CH��,MhI�H	�"a�K H ` �_8� _CJTH	�>a"^  =H ` H�^�''5�Hl^LMhI�a ` K"� �"c K 
�JL_lI�H5pL] �
J�]$^ ` K  =H�Ib_Uc K"� ��_�� � ^ ��]"oCK M N�K H6pCH�I�M K JL_=c��_�'
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� K"� ��K�c H ` a"^CMvMhIb_ ` _CM�H  "H ��I�]�J�H  �a=I _  =H3c _3c K�^qK�_7s ���0��� � ^6]�I  �K�^CHL_  =H �qH  "H ` H�^ �h& �Rc K�^qK�_4s!&�������8
� s�8��0�,��? � s�?0������E � s=E �0��
�' � K"� �qK�c Hn& N` K!E _=anc�a=^���K"�5K�c H �&� � ^ �qK G�H�c K 
4I�H	��I�H�o�H�^CM _CM�H  "H5p�_�IbK�_��qK�c Hlc _� 1�� 
 �=' � K"� �qK�c HR8 N` K ? _=adc�a"^���K"�6HC_ � 1���
 �
' � ]��>pCH  "HL_ K"�4H  �K�_CM5Jla0� _�� _�2ha=^ ` c _�� ]�I � a=c H�c H
��H�^LMhI�anH�c H"' ���_4pCH  =H	�9� � ^LM��_�K�J�a�� ` H4MhIb_ ` HL_Co	�_�'

5 IeH ` a0�=a"^LH � � � ^CM��_�K$J	�_Za"^ ���qK�a=c c ]�I J�aR_TGl_ pLH�I�M K JL_=c��_nH ` M�H �,� ��H�^LMhI�a ` K"� �=c K 
�JL_�I�H � �"aCM�H	� � ]$c ] ` K
_CMha"^CJLK  "H ` H�^"a=c  "H � _�K ` a ` 
�' ��H ���4H�^CMha"c ^=a0�-�_=I�a"c �f& 
 _lIeH c�a"^ ��K"�4HL_ � 1�� 
 �QN` K a"^ ����K�a"c1� _CM N �_  "H
pCH�IeM K JC_=c��_ � � � �5K�^"a ` ��H�^CMhI a J��_ ` Hn_�@;�_ c _ ` M��_=^���_ _TG�HLK pLH�I�M K JL_=c H 
T' � _lI ` M K"� ` �_5MhIb_ ` �_��>a"^ _ ` M�� H�c
 "H ` H � �6H�^CM �
��H � �6H�^CMha"c � 8�
5_lIeHRa=^ a=^�����K  "H � J�a�_TG"_ pCH�I�M K JL_=c��_��  "H  �_CM _Q_ ` M _Zc�aq_CM4J�a �"c�a ` ' 5�H�^CMhI aRJ	�_

{�A�|0�Uc�aLJ�I�HL_Co	�_1� � ^ J�]�]�I  =]�^q_CM�H7IeHlc _CM K pLH��=H�c�H ` M�H�� ]�_�I�M�H a�N` ]�I  "H MhIb_ ` _CM�' \ _����_CMha"c�c�aqK ��]�I�^LH"N` M�H  =H4a"^  "H
` � _7]���IbK M ` H ���4H�^LMha=c��h& 
T' � � K
J�a"^C]�_�N` M�H �>c�a"^ ��K"�4HL_ N` K,a=^��,�qK�a"cV'!D,]"Mha=c�H ` M�H! "H�JLK,��]�_lIeM�H ` K"� �"c�a�'
��H � �6H�^CMha"c���? 
 _�I�Hna"^ ����K�a"c�� _CM N �_! =Hnc K�^qK�_7pCH�IeM K JC_=c��_7JL_�I�H �4H�I �"H � � ^ ` a ` � � � � � � �  $a0���_7J�a0� ` H

pCH  "H N` K ��H  =H ` Hl^ 
 ` _=a�� � � � � ^ Ib_  �K�_=^�K�' � a"^ ��K"�4HL_5]QN` M K"�A�� "HTJLK�'�'�'
� ��^ 
 ^CH�� ` H � �6Hl^LMha"c � E 
 _�I�H3a"^Ua"^��,�qK  =H � � � � � ^nIb_  �K�_=^�K,� _CM N��_! "H7pLH�I�M K JL_=c��_�'
� _CJ	�_ c K"� �q_ H ` M�H Ie]=M K M��_nJla a=^ a=^�����K ]�_�I�H�JL_lI�H ) . ��0,2-��_CM N��_  =H pCH�I�M K JL_=c��_�� c _UM�]�_CM�HRa=^��,�qK�a"IbK�c H

 "H ` J�IbK ` H��5_�K ` a ` MhI�H	�"a�K H ` �_ _  ,�_=a ���_�� J	��K�_�I _CJ�HL_ ` M��_3p�_=c ]�_lIeH"' � Hn_CJ�H�HC_�� � ^���I�]��$I _�� _���_�I�H���H ` M�H
M�]"M k�j�; � ����� � ) . ��0 2 � '� � _�K I��_��5_ `  "HRp��_Co�aCM5J�a0� _�� JC_=c J�a"c _CMUc�a"^ ��K"�5K�c H � 1���
 �QN` K � 1���
 �!' 5$H�^LMhI�a _CJTHL_ ` M _ _��
� ]$c ] ` K M JL_3pq_=c ]�IbK�. � � � N` K c�a"^ ��K"�4HL_ ���_=^��_3c _7p��_=I � _ a"^LHCK c K"� ��K��
�") . �,2 
$1!' � ��^5MhIbK�a"^��,�qK�a=c���� \dc�a��_��
� � ^��_=c M N�K"�4HL_ � �v' \ an^C]"M _CM N�K�K�c H! �K�^ ��I�]��$I _�� _CpCH	�>I�H�c _CM N�K�K�c H�.

� � � �=) . �,2 

1	 � � � � � � - � � -	 �
� � � � � � 1 /�-
��
 � / 1�
 �

102



� � ` J�IbK ` ��H�^LMhI�a / 1�
 � I�H�c _CM N�K�K�c H�� � ^5MhIbK�a"^ ���qK�a=I K�c H  �I�H	�CMha"^��,�qK J�H � � ��.

/ 1�
 � 
 � 
 � � � ) �
N` K�� \ ��.

/ 1�
 � 
 ��
 � � � ) �
� � ]�� ` H�I�pq_CM _���]�K$J	�_ � 
 � ��
 ���=) . � 2 

1�� ` _=a

/ 1�
 � 
 � � ) � � / 1�
 � 
 ��� ) � ���=) . �,2 

1
� K�^ _CJ�HL_ ` M��_ IeHlc _CM N�K H I�H�o�a=c M��_7pq_=c ]�_�I�HL_ c�aqK / 1�
 � ��JL_=c J�a=c _CM��_�� � ^nc K�^qK�_ 
 � & ��.

/ 1�
 � ���=) . �,2 

1 � � � 
 ��� ) � � � 
 � � ) � �
4 _�K  "H	��_�I�M�H��$pq_=c ]�IbK�c H � 1���
 � � � � N` K � 1���
 � � � \ IeHTo�a"c M��_5K"�6H  �K�_CM  �K�^ ` K�^"a ` a=I K�c Hna=^��,�qK�a"IbK�c ]�I

- ��� - N` K,I�H ` �qHTJ�M K p � 1 /�- �� �a0���_7J�a0� ` H4pLH  "H N` K	� � ^ c K�^�K�K�c H 
 � 
 ��
 
 � � �!'
45]� �K 
�J	�_=^� - ��� - N` K � 1 /
- �=aLM�H�M N�K�] �LM N�K�^CH�� ]�I �6H7^L]�K���H�^LMhI�a c K"� �qK�'
5 Ie] ��Ib_�� a=c���]�_CM�H 
 ��I��_���K M �=aLM N�K�^ ` J�]=M N �_=^   �K�^��=aLJ�c��_3JL_=c J�a"c�a=c
M _=^ �"H�^CM�H�c ]�I � JL_�I�H  "H%� _��LM4^=a ` H

` J��qK"� ���_ ^qK JLK ]� �_CM��_�' �!�CM K"� K oL_CM NbK �hc �

13.11 Exerciţ ii
&=' ��J�IbK H�M N�K a"^���I�]��$I _��>JL_lI�H(� ��a0� �"c H
) a"^RJ�]$^LMha"I � � ^CJ	�qK ` Jla��"a=^LJ�M�H� "H _CJTH�HL_�N` K J�a"c ]�_�I�H � fill

��H
H�^��$c H�o	�_ 
T'

8$' � H ` H�^�_CM N�K a"^ �$c ]�� ���_��7�_=^LM�H ` J�� ��IeH ` a0�=a `4` � HlI K J"'
?$' � a�_CM N�K$a"^ ` H ���4H�^LM�'�4 K�N` JL_CM N�K=JL_���H�M�H�c H ` _=c H6K�^� =H	��H�^� =H"^CM!��H H�J�Ib_=^$�$JL_ ��H5^�KeN` M�H �qK�c H  =H ��K�c K�_�I  
'

D I _ ` _CM N�K �fcV'
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Chapter 14

Manipulări de date ş i sunet

5 I K�^CMhIeH3_=c M�H�c H���] ` �_!� � ^Lp��_CM N��_�� ` �_4J	�_=^CM��_��n'

�
A
[�|={���H�^LMhI�a _ K�^�K M N�K�_=c K oL_4p�_�IbK�_��qK�c H�<

�
{
|�<�|���H�^LMhI�aRc K ` M�H! "H4p�_=c ]�I K�<

�
A
[�;=<�jlA
[ ��H�^LMhI�a _=c H �"HlIeHL_Uc K ` M�H�c ]�I�<

�
IeH�c _CM N K�K  "H7]�I  �K�^LH ��H�^CMhI a�N` K�I�a"IbK  "H5JL_lIb_CJ�M�H�I�H�<

�
z�[�[�@���H�^LMhI�anJ	�_=^CM _CM
<

�
|�<�<=A���H�^LMhI�a _ K�^ ` ��H�J�M _3Jla"c ]�IbK�c H5H�J�Ib_=^"a=c�aqK�'

14.1 � � � �
F;
 � � F�= ��*.

to read � _4JLK M K
����
 D�� � ��*. A�[�|={ � � � � � ����� � � ��� � �\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� a0���_ A�[�|={ ` H ���_ ` H"N` M�H1� � ^LM�]=M  "HL_=a=^q_7]nc K ` M��_  "H4p�_�IbK�_��qK�c H�� ` H	��_�Ib_CM�H ��IbK�^5pqK�I ��a=c��_�'�� _�IbK�_��qK�c H�c H ��]"M
  "HnM K"�Q^=a0�-�_=I ` _=a N` K�I ' ��^ ` MhI�aLJ�M N K�a"^LHC_nA�[�|={ �4H�^LM N�K�^CHRa"^�K�^  �K JL_CM�]�I J�H _lI _CM��_3JL_lIeHR_-� ] ` M5a=c M K"� _

HhG���IeH ` K H JCK M K M��_  �K�^ c K ` M _7{�|�<�|���HhG �=c K JL_CM N K�_np�K�^LHUa"^���K J�� _�K	2 ] ` 
�'4A�[�|={QJLK M�H"N` M�Hnp�_=c ]�IbK  �K�^Rc K ` M _  "H
 �a����_ K�^ ` MhI�aLJ�M N K�a"^LHC_3{�|�<�|RN` K c H5_CMhI K"�=aqK H�� � ^5]�I  �K�^LH5p�_lI K�_���K�c H�c ]�I  �K�^Uc K ` M _ ` _�'
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14.2 � � � �
F;
 � � F�= ��*.

data �  �_CM�H����
 D�� � ��*. {�|�<�| �
���	� � � ����� � �����	� �\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
{�|�<�|RH ` M�Hn]�K�^ ` MhI aCJ�M N K�a"^CH��q_ ` K p��_��!JL_lI�HR^"a-� _CJ�HR^�K"� K J"'nF�_ ` H ��]�_CM�Hn_�@$_ ]�I K�a=^� =H�� � ^���Ie] ��Ib_��

�  =]�_lI  �a����_na=^5A�[��R^"a 
��
_CM��_CM?� � ^q_�K�^CM�HL_Uc�aqK
A�[�|={ J	�_CM N` K  �a0���_�' ��J�]��=a"c�HLK$H ` M�H  =H _ �4H�^LM N K�^CH5]Uc K ` M��_
 "H7HhG ��I�H ` K�K��,JL_lIeH5pC]�I�
QJLK M K M�H5HTpLH�^CMhaq_=c  "H A
[�|={ ��H�p�_=c�aq_CM�H�N` K!_CMhI K"�=aqK M�H3pq_lI K�_���K�c H�c ]�I  �K�^ c K ` M _4A�[�|={ '
F=G���IeH ` K�K�c H ��]"M _CpLHC_5JL_UI�H�o�a=c M _CMv]�IbK J�H5M K"��'

14.3 �
�
����� �

�

F;
 � � F�= ��*.
to restore � _ �"a=^LHUc _nc ]�J

����
 D�� � ��*. A�[�;=<�j�A�[ 2 etch 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� _CJ	�_

etch
c K"� ` H"N` M�H4H ` M�H4J�]$^ ` K  "H�Ib_CM ��' etch

H ` M�H4]5H�M K J	�CH�M��_ N` K���JL_7_CM _�I�H���MhI�H	�"a�K H ` �_ 
�H�� � ^CMhIeH!�
N` K �0���0� ��H�^LMhI�a _n^=a5]��LM N�K�^LH4H�I�]�_lIeHC_ � '�D,]"M J�H�HL_3JTH�� _CJ�H A�[�;"<�jlA�[nH ` M�H ` �_ �3aLM�H5K�^� �K JL_CM�]�I�a"c�JL_lIeH
� � K$_�Ib_CM��_7c�aqK
A�[�|"{ JC_�I�H _"� ] ` M a"c M K"�5_4HhG���IeH ` K H3JLK M K M��_��$c _nc K�^�K�_5Jla H�M K J	�CH�M _ ` ��H�JCK 

JC_CM��_�'

� ��^q_�K�^LM�H  "Hn_  �_RN` K,_=c M�H  "HTM _=c K�K�� � ^nc H �,�_CMha"I��_7J�an_CJ�H ` M�HnK�^ ` MhI aCJ�M N K�a"^�K�� ` �_7pLH  "H	� c _3J�Hn_�I �"aCM�HL_ 

aLM K�c H=' F!c H ` H8� ]$c ] ` H ` J Jla �3a"c M ` aLJ�J�H ` � � ^  =]�a��_4JL_Cola"IbK�. J	�_=^� ` a=^LM  =H*�3�_CJ�aCM _CMhIbK"�"a�K�I K�� _ ` K pLH ` _=a�� � ^
 "HTJLK oLK�K�� a=c M K"�"c H"' � H HhG�H	� �"c�a�. a"^ ��I�]���Ib_�� JL_lIeH!� � ^8� a"^CJ�M N�K H  =H3a"^3^"a0�-�_=I,K�^LMhI�]� �a `  =H5aCM K�c K oL_CM�]�I�/
` �_5oCK J�H	� � � ^LMhI�HR& N` K 8�s�/ ` �_3_CMhI K"�=aqK Hnp�_�IbK�_��qK�c HCK - �U] p�_=c ]�_lIeH  �K�^CMhI&��] c K ` M��_  "HU^"a��6H=' �,�_=I��_ {�|�<�|
_�� �"aCM�HL_%� _CJ�H4JL_�� _�N` _�.
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` _=a��� �_CJ	�_ ��I�H�� HlI _CM N K�.


 :CB�@=Y
< .��
��� A�[�;=<
jlA�[�� ��jlA 2 &�� <�j .�� �nA�[�|={ - �$�UB
[���< 2
��� {�|�<�| �T{ -=. � � �": �=. � � ���������
� a0���_7J�a0� pCH  =H�M N�K��!c K ` M�H�c H4{�|�<�| ` a"^CM ��_�I�J�a"I ` H8� � ^4]�I  �K�^LHC_n_��q_lI K M N K HLK�� � � ^4JL_Co4J	�_ ^"a ` H�� � ^LM��_=c�^LH"N` M�H

A�[�;"<�jlA�[�
�'$\ �_=^� Ua"^�_  �K�^ c K ` M�H ` H4M�H�I � K�^��_�� ` H8� ]�c ] ` H"N` M�H4J�HL_3JL_lIeH�� � K ` aCJ�J�H  =H*� � ^ ��Ie] ��Ib_�� '
� _CJ	�_ ` H�� � ^CJ�HL_lIeJ��_3JLK M K�I�HL_Ra=^LHLK p�_=c ]�I K!Jla A�[�|={ N` K!M�]�_CM�Hnc K ` M�H�c H5{�|�<�|Q_=a'� ] ` M H	�=aqK oL_CM�H�� ` a"I�p�K�^LH

H�I�]�_lIeHC_RF,'
� _CJ	�_A� � ^dc K ` M _�{
|�<�| a"I �4HL_Co	�_ a"^ N` K�I N` K ` H-� � ^CJ�HL_lIeJ	� _QJCK M K�IeHL_ a=^"a�K ^"a0�-�_=I ` _=a K�^LpCH�I ` � ` a"I�p�K�^LH

H�I�]�_lIeHC_U\ '

14.4 Relaţ ii de ordine pentru ş iruri
� NhM K"�  "H+2 _5J	�_ �"aCM�H	� J�]�� �q_lIb_! "]$a��_nN` K�I�a"IbK�J�a & ` _=a5J�a �� !' � � _=^LM K JLK"��_CMvJ��_ �=aLM�H	� ` �_ ]'� _CJTH	� N` K
J�a � � ��& �  0& �  !'�� ^5N` K�I�H ` M�H!�5_�K�� K J  "HTJ	�_CM _=c Mha"c	 �_CJ	�_1� � c	��IeH�JTH  "H � � ^CMhI&��] ]�I  "]$^q_lIeH lexicografică` _=a�� � _�K ` K"� �=c�a ` �"a ` �  �_CJ	�_8� � ^LMhI �fa=^  �K J�M N K ]�^q_lI ` H _�@;�_ ` J�IbK ` � � ^�_�K�^LM�HL_Zc�aqK�'��4IbK JLK�^LHn_nJ��_=aLM _CM!�-�_CJC_�I
]� �_CM��_�� � ^CMhI&�ha"^� �K JTM N�K ]�^�_�I6N` M K HUJ	�_�� ��H�^LMhI�a _UJ	�_=aLM _�� M�H���_Co�H�oLK �qHU]�I  �K�^LHL_ _=c � _���H�M K J	�_�'B5�H���] ` M  "H
]�I  �K�^LHn_=c � _���H�M K J	�_8� � ^ ��������\ ` M��_5]�I  �K�^CHL_UJL_lI _CJ�M�HlIeH�c ]�I  $a0���_nJT]  $a"c c ]�I ' � N�K,_CJ�a��A.4N` K�I�a"c � H ` M�H � _�K�5K J  =H�J	�_CM N` K�I�a"c��  �_CJ	�_���IbK"�6H�c HUc ]�I � � ��]�_CM�H � � � 
 JL_lI _CJ�M�HlIeHRJ�]�K�^LJLK  �� K�_lIvJL_lIb_CJ�M�H�I�a"c � � � � � ^
N` K�I�a"c � H ` M�H � � � _�K � K J
) � _  �K J	�_3_lIeH4J�]� �a=c � _�K � K J 
  "HTJ	�_CM JL_lI _CJ�M�HlI a=c � � � � � ^nN` K�I�a"c���'

F=GqH � �=c H�.
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j��4a"^  "H ��IbK"�3a"c"N` K�I�H ` M�H k ��A � �*� & �"K�_lI
_=c� =]�K�c HL_ H�� ]�I �5_CM  �K�^ ��_CMhI a ` H	�3^LH"'

�
� / ��� � � �,2�1 � �
� -". 2 
 - � �  �_CM�]�IbK M��_ J�]� �a"c�a�K �5_�2ha ` J�a=c H�c ]�I �

� ^5H GqH	� �"c�a�.  �_CJ	�_79�["B - � & �4_CMha=^LJLK

:	� k�jl{
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14.5 �
� �

�
F;
 � � F�= ��*.

beep � ��K"��� � ]$^L]��5_CM�]���H�H 

����
 D�� � ��*. z�[�[�@

timp � nota\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
z�[�[�@ �"Hl^LH�I�HL_Co	�_ ��I K�^  �K � aLo�]�I�a"c!JL_=c J�a"c _CM�]�I�a"c�a�K a"^ ` a=^LH�M! "H ` J�IbK `  "H3J�H�c H  "]$a��_n^=a0�4H�IeH timp

N` K
nota

'

timp
H ` M�H  �a=I _CM _ ` a"^CH�Mha"c�a�K���� � ^ ` H�J�a"^  "H"' � K"�5K M�H�c H _  � K ` K"�qK�c H ` a=^LM � � ` a=^LH�M4^=a"c&���#�_=I+�_  �a"Ib_CM��_ 


N` K &��$'�5$]�_CM�H 
 a=^n^"a��7�_=I?� I _CJ�M N K ]$^q_lI '

nota
 =H ` J�IbK H'� � ^��_=c M N�K"�6HC_ ` a=^LH�Mha=c�aqK�' � ��^��6]� ^L]�I �5_=c�H ` M�HRa=^'� � ^CMhIeH ���  �_lI ^�K"� K JU^"a��fc�� � � �qK H  �K J	�_

` �_ 

H"� I _CJTM N�K ]�^q_lI�' � K"�5K M�H�c H ` a=^LM � 
�� N` K�
0�$' �$' � _=c ]�IbK�c H � � ^LMhI�H ��K�JT]�IeH ` �"a=^� ^L]=M�H�c ]�I  "]� =H�JL_�� ]$^qK J�H  �K�^
��_��5_ � aCoLK JL_=c�� _5_ ` M�� Hlc&.

Valoare Notă Valoare Notă� &C8  "]  =H�2�] ` &  "] �
� &=&  "] � 8 I�H
� & � IeH ? I�H �
��� I�H � E � K
��� � K s � _
��� � _ 
 � _ �
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 � _ � � ` ]�c
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��? c _ & � c _ �
��8 c _ � &=& ` K
�,& ` K &C8  "]  =H ` a `
�  "]nJ�Hl^LMhIb_=c

��_CM��_3a=^ ��I�]��$I _�� JL_lI�H K�^CM�H�I ��I�H�M�HL_Co��_Ra=^ ��I�H�c�a� �K�a  "H ��' � ' � _CJ	��' � � � ]$c ] ` K M ]��6H�M�]� ,�_3K�^LM�H�I�H��
` _=^CM��_  "H4J�]� �K 

JC_�I�H _3^C]"M�H�c ]�I�.�� � ^ c ]�J  "H3^"a��6H�I�H���JL_lIb_CJ�M�H�I�H"'�5�H�^CMhI a�� �  "]3J�H�^CMhI _=c )nH ` M�H4J�]�^CpLH�^�_��qK�c
JL_lI _CJTM�H�I a=c �=:�� � K�� _lI�H 
�' �!H  =H�p�K�^LH ��~���� �5K� "H�p�K�^LH ��������H�M�J"'
� .
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� ��^nc K�^qK�_ �0�0
�� ` H ��Ie]� �aCJ�H3]RI+�_=I K�I�H6_7M�H	� �q]��fa=c�aqK�� ` ��I�H 
,^q_=cV'
��K�I�H"N` M�H�� �"aCM�HL_�� ` J�I K HUJ�]�^CM N�K�^=aLMha"c c�aqK � �� �K�^LMhI � ]  �_CM��_�' ��_CM��_  =]�a��_��4]"M K pCH���H�^LMhI�aQJL_lIeH ^
� _��

�#�_CJ�aLM���]?.�� � ^ ��I K"�3a"c=I+�_=^� ��H�^LMhI�a5J	�_ H ` M�H���]�I �5_CM� �K�^ N` K�I�a"IbK=JL_lIeH ` H IeH	��H�M�� _��0 =H�JLK�_���
 ` J�IbK ` �5_�K�� a=c M�'
� � H0� _��LM M�]=M �5_�K���]�_CM�H 
 ` Jla"I�M _CM
��J	�_CJLK ��IbK"�6Hlc H6?"?  "H �-�_ ` a"IbK�I�H	��H�M��_7^C]"M�H�c H5?��=E?�=s�� � ^6^C]"M�H�c H 
,� �,�
��' 
 � ��^ _=c0 =]�K�c HL_ I��_=^� �� ` �_ 
 ` J�IbK ` a"^ N` K�I _CM��_CM  =H c�a=^��  �K�^LMhI � ]  �_CM��_5_lI 
 �#�_CJ�aLM ]3H�pCH�^LMha�_=c��_ ��I�H"N` HC_=c��_
��I�H�a  "H4J�]�I�H�J�M _CM�'
� Mha"^LJCK ` H �"a=^LH�� � ^CMhIeH �q_lIeHL_�.  "H4J�H ` �_7^"a4JLK M K"� - �UN` K ` �_��hcLJ��_=^LM��_��+ �K�I�H�J�M ( � H J�H �fc � _�K�_  $a"^��_��

c _ � ��(�� �_ ` �=a"^ ` a"c�H ` K"� �"c�a$. ` � _lI ` K"�6MN K� $a0���_ 
�H�JL_=I�H�& 
U^L]=M�H �q_=aCoL_U^LH�JTH ` _=I��_nK�^ ` MhI�aLJ�M N K�a"^qK�K$A�[�|={ �
J�H�� K  �I�H	�LM ` J�a=IeM��_��� �_lI ` a����_=I��_CM�]�_�I�H"' � N` _7J�a�� ` M _=anc�aCJ�I a=I K�c H��
H GqH�JlaLM N K�_5H ` M�H3a"^�K � ]�I �-�_�'
�  ��_=a��,�_=^� Uc K�^qK�_
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*
 @�9�j=<������ � � � � k�jl{�[ � � � � � 
 
�# � � &
pCH�M N�K�] �LM N K�^LH3a"^%� H�c� "H � � ��Ib_ 
�J
) _=c��4H�c ]� �K HCK �

14.6 � � � �
F;
 � � F�= ��*.

ATTRibutes � _CMhIbK"�"aLM�H
����
 D�� � ��*. |�<�<=A � y � x �\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

y, x ` a=^LM c K�^qK�_��=IeH ` ��H�J�M K p4J�]$c ]�_=^q_ a=^"a�K����_CMhI+�_CM N�Hlc  �K�^ ��IbK�c _  "H;2�]�_ ` �_ I�H�o�]�c�aCM N�K H"' x
H ` M�HvJ�a���I K�^ ` � � ^LMhI�H

�4N` KC?�&��LK�_lI �C� � ^LMhI�H �6N` K�8=?��L_=c M���H�cfH GqH�JlaLM _lIeHL_ ` H ` ]�c  =HL_Co	�_ J�a H�Ie]�_�I�H�� 'T|�<�<=A � y, x

�� � ^CM�]�_lIeJTH a"^ ^"a0�-�_=I
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� � ^CMhIeH �1� � ^LMhI�H �4N` K�8�s"s4I�H	��I�H�oLK�^CM��_=^� atributele
JT]�c ]�IbK ` M K J�Hv_=c H ���_CMhI��_CM N�H�c�a=c�aqK�I�H ` �qHTJ�M K p�'�
 a0�-�_=I�a"c�_CJ�H ` M _

J�]� �K 
�J	�_%� � ^LMhI �ha"^ �6]� K�^ �"H�^�K ] ` � J�H�c H �q_CMhI�a K�^
� ]�I � _CM N�K�K  "HUJ�a"c ]�_�I�H JL_lI�H JL_lI _CJTM�H�I K oTHL_Co	�_ ���_CMhI+�_CM N�H�c�a=c
I�H ` ��H�J�M K p�.U:CB�~ � @�|�@�[=A � z=A,:�x0��<dN` K���9�|�; � '���j ��[=A N` K :CB���[=A
;=[Q^=a ` a=^LM3^qK�N` M�HnJL_�Ib_CJ�M�H�IbK ` M K JCK _=c H���_CMhI+�_CM N�Hlc H�c ]�I �CJLK  =]�_lI
^�KeN` M�H �4]� �a=I K  "H MhI _ ` _CM�Hv_ �"a"^CJ�M�H�c ]�I N` KTJL_�Ib_CJ�M�H�I�H�c ]�I�' 
 45]� �a=c  "H J�]� �K 
�JL_lIeH H ` M�H
_ ` M���H�c
_=c H ` � � ^LJ	�_CM ]�I K JTH6JT]�� �qK�^q_CM N K H ` �_ 
�H3IeH ��IeH�oTH�^LM _CM��_Ua"^qK J=' � Atenţie

. p�_=c ]�I K�c H � N` K � ��H�^CMhI aRa"^�_
 �K�^4J�] �6H�^CoLK�c H  "H M K"���_=I K�I�H1� � ^ ` HL_��3^��_  "H���_��LM M�]"M a"^ �6]�  =H M K"���_=I K�I�H���^=a a=^ _CMhIbK"�"aCMv_=c����_CMhI+�_CM N�H�c�a"c�a�K�'
45H  �K M _CM N�K c _3_CJ�H ` M c�aLJlI a�� 

� _=c ]�_lIeHL_3_CMhIbK"�"aLM�Hlc ]�I ` H6JC_=c J�a"c HL_Co��_3_ ` M�� H�c&.

:CB�~���"	��@�|�@�[=A!� � & �qz=A,:�x��
<������*"	�	��9�|
; �
F=GqH � �=c�a$.

� @=A,:LB�< |�<
� � � �T:CB�~ � � @�|�@�[=A���� z"A,:�x���<���� ��9�|
; � � ���!�� @=A,:LB�< |�<�<=A � � � � �
p�_dM K"���_=I KC� � ^CM��_�K a"^+���_CMhI��_CM N�HlcvJ�c K"��K M�]�I5JL_�I�Hd_=c M�H�I ^CHL_Co	�_ I�]
N` adJ�a ��_=c��qHl^ N` K _���]�K ^"a��7�_=I a=c &�s ��� �� � � � � � � � � � � � ��� � � 
�'��H �"a"^CH���Ie] �"c H	�5_ K�^CpLHlI ` �_�.  =H _  =H�M�H�I � K�^�_nJ�a=c ]�I K�c H�N` M K�K�^  _CMhI K"�=aLM�H�c H=' � _CJ	�_ . H ` M�H3pq_=c ]�_�I�HL_
_CMhIbK"�"aLM�Hlc ]�I �!_CMha"^LJCK,_CpLH	��.

Atribut Valoare:LB�~ . 
!"	��:CB�< � . ��" �@�|�@�[=A :CB�< � . ��" � 
!"	��:CB�< � . � � & �z=A,:�x��
< :LB�< � . � � & � 
!�	��:CB�< � . ������" ���9�|�; � :CB�< � . ������" �
� H5J�Hn_CJ�H ` M!�6]�  =H5J�]� �K 
�JL_lI�H�N` K  "HUa"^� =H ��I�]"p�K�^��qK oL_lI�H�c H'��]�I �3a"c H���H G �=c K J	�_�� K"�4H  �K�_CM�' � _CJ	�_

c�aLJlI+�_�� � � ^ ��_CoL_n8 ��pLH�oCK N` K � ^CHhGl_ F�
 J�HlI ^CHL_=c _QN` K ���_=I�M K�_3_=a �3p�_=c ]�IbK �q] ` K"��K�c H��  "H�JLK ` H ��]"M HhG���I K"�5_
J�anJ	�_CM�H ? JLK � I�H ��K�^q_lIeH � �qK M N�K 
T'4z=A :�x���< N` K ��9�|
; � �q]=M6_CpCHL_  =]�_lI  "]$a��_3p�_=c ]�IbK��� =H�JLK a"^���K M6_�2ha=^��=H"'
� ��^6M�]=M _=c�? �4? � & �3& � � ��K M N�K ��H�^LMhI�a a=^ ���_CMhI+�_CM N�H�c � ����' � JTHlN` M K�� �qK M N K$� ]�I �4HL_Co	�_4a=^n^"a0�-�_=I�� � ^ �q_CoL_78
_ ` M���H�c&.

Biţii Atributul�,��&���8 ��
�E
?,� E?� s 5��*5 F �

 � � � � � D
� � � ��� �

� � � ^"a0�4H�I�]"M _CM �qK M N K�K� =H c _ �Uc _ ���$J�a ��K Mha"c � 

K�^  �JTH�c � _�K �"aLM N�K�^ ` H	� ^�K 
�JL_CM K p � � ��� �
less

significant bit
' 


��H3IeH � _lIeJ��_���_��LMha"c�J	�_ |�<�<=A ��]�_CM�H6M�H ` M _ N` K�JTH�c H  "]$a��_5I��_=^  �a=I K� �K�^ �q_lIeM�H! =H 2 ] ` _ H�J�Ib_=^"a"c�a�K � H�c H
_=a  "H7]��qK JTHLK!@�|�@�[=A��fa=c�� � ^5J�a=c ]�_lIeHL_3z�jlA�{�["A��ha"c�a�K��"JL_lI�H ` H ��]�_CM�H _ ` M�� H�c� "H�M�HlI �5K�^q_ 
T'
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14.7 Exerciţ iu rezolvat
��J�IbK H�M N K,a=^ ��I�]���Ib_�� JC_�I�H ` �_4MhIb_ ` H�o�H ��Ib_ 

Jla"c�]�I K J	�_=IeHCK�� a=^LJ�M N�K�K�'

Rezolvare\,]��4H�^LM _lI K�K�c HUc H �"aLM�HTM N K ���_ ` K c _��!H�o�]$c p��_=I K�c H3HhG�H�IeJCK M N K�K�c ]�I�� � ^ � ^CHhG"_ � � ��H�^LMhI�a�H GqH�I�JLK M N K�a"c &  "HRc _
_CJ�H ` M JC_��qK M�]�cV' ��^ ` MhI�aLJ�M N K�a"^LHC_ J	�LHLK H _ ��Ie] ��Ib_�� a=c�aqK H ` M�H ��|�9 � �  �K�^ c K�^qK�_Q8$&���� JL_lIeHRJL_=c J�a=c HL_Co	�_
p�_=c ]�_lIeHL_7HhG���IeH ` K HLK K�^LMhI�]  $a ` H  "HnaCM K�c K oL_CM�]�I JL_ a"^ N` K�I  "H7JL_�Ib_CJ�M�H�I�H"'

� A�[ � x ��-�� 0,2�'
��� :CB
@=Y�< �=: .�/��
� ��)!(l1 / 2 � � ' � &���� 9!:CB
[ � �� 
 : � � ��&����d<���["B ;"<�j=@
��� :CB
@=Y�< �T{ � 
$1 . 2C) �
1 � 1 ��� 1�*
1 .�/�-�� 1 2 � � � � � � � � � ��� ��� 4 ���� : ��� �  �&���� <���["B x
j=<�j!���
� 
 @=A :CB�< |�<�� � ����� � � 2 � � � � � � � � � ��� � � 4 
� A � � � � � ' � &�� � � �# � 9�[�< �
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�
 � � ����
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�� � � ��-�� �nA�[�� ( ����� � �=.
-=/�- � 1 1$( ��-=. -���� 2 �,2 . 2�2
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 � �$� z�[�[�@.� 
 � & � z�[�[�@.� " � ���Qk=9�;� � A
[�� ����� /���-	�"- 
 - '�1���1������
��� @�9
j=<�� � "����U{�A�|���� 
�
 � � �U{�A
|��$
 & � ���U{�A�|���� � 
 & �U{�A
|�� & � �"�� @=A :CB�< |�< ��� � � � � � �U|�<���� � � 
 � ������ :	� � �  �� jlA ��� � � <���[=B x�j"<�j �����
� 
 A�[ � - ' - *�1 ��/ 2=( - � - 1 � 1 1$( ��-".
����� @�9
j=< ��� 2 � � �$�n{�A
|���� � ��� 
����� : � � � 2 �� �&
� |=B�{ � � 2 ����&
� 
�# <���[=B {�A�|0�
� � 
 & �n{�A�|��$
 & � � � {�A�|���� � &����� : � � � 2 ����� <���["B {�A�|���� � 
 & � {�A�|��$
�� � ���� # : � � � 2 �� �� 
*# <0��[=B {�A�|��$
�� � 
 & �n{�A�|���� � ������
����� :CB
@=Y�< �C9 - (�2 / 1 � ) . ( / 1 /��
-	�"- 
 ' ��� �,2 . � 9�[�<*� 2 . & |�z�; �,2 .
��� 
 : �*� 2 .  ��� jlA �,2 . ���C1 
�� <���[=B x�j=<
j �����
� # � :CB
@=Y�< �TA -�� ����/ )
� ) . 2 /�-"/ 2�2 ��1"�=) . �,2 

1 � 1 - '
1����T(�*
� #�
 : � (q*!� �C1�
 
 jlA (�*� ��C1 & <0��[=B x�j=<�j � # �
� & � 9�[�<%( 
 - '+&
"���� ��-�� ��(�*�� 9�[�<�(�
 - '+& :CB�< � (�
 - '!� ����� � � ���*�� 
 � @=A :CB�< |�<�� � ����(�
 - ' �R|�<���� � � � 
0(�
 - '����� A
[�� ����� /���-	�"- 
 � ��- �,2"(�)
�*�����
�����)��j�A ' &
� � <�j�� � ;"<�[�@"�,2 . � ��-��
��� 
 9�[�< ' � &+' � ��-�� � ��� 2 � � A�[�� ( ����� � �=.�-=/
- � 1 - � - � � 1 1$( ��-=.����� 9�[�< (+&	��|�9 � ��� ��-�� � (�*!�
"��
����� :	� (���� jlA$(� ���� 
 <��
[=B x�j=<�j!� & �
� # � @�9�j=<+' � � (� & � B�[ ��<+'
� 
 � @�|"Y
;=[��$� x�j=<�j ���

14.8 Exerciţ ii
&=' �  �_��CM _CM N�K ��I�]��$I _��3a"c0 =H �5_�K ` a ` JL_ ` �_4JTHL_�I��_nN` K!K�^LM�H�I�pq_=c�a=c ��H _TGl_�� �$'
8$' ��J�IbK H�M N�K=a=^ ��I�]��$I _�� JL_�I�H ` �_ ` J�IbK HvJ�a4c K M�H�I�H;� � ^6I�H�c K H�� � JT]�^ ` MhI a�K M�HvJC_  �K�^ J�a��"a=c H�M N HvMhIb_=^ ` �q_lIeH�^CM�H 
�'
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Chapter 15

Memoria

� ]��  �K ` J�aLM _  =H ` ��I�H ]�I ��_=^qK oL_lIeHC_ �6H	�4]�IbK HLKvN` K pC]�� � � ^Lp��_CM N _QJ��_CM�H�p�_dK�^ ` MhI aCJ�M N�K�a=^qK ����� �V\ JC_�I�Hd^LH
��H�I � K M ` �_U]QHhG��"c ]�I��_�� N` K �4]  �K 
�J	�_��n'dF ` M�H a"^QJL_���K M�]�c a=I K�_�N` �  �_lI!��H�^LMhI�a ] �"a=^��_ � _=^�K"�"a"c _lI�H�_
����� �V\��ha"c�a�K ^"a3H ` M�H3^LHTJ�H ` _lI��_3J�a=^L]�_�N` M�H�I�HL_nMhaCMha"I�]�I  "H�M _=c K�K�c ]�I�'

� ` MhI�aLJ�Mha=I _Ua=^"aqK!JC_=c J�a"c _CM�]�I�<

�
c K"� ��_�2�H �5_�N` K�^��_�<

�
K�^LM�H�I ��IeHTM�]�_lIeH N` K�JT]�� �qK�c _CM�]�_lI�H�<

�
]�I ��_=^qK oL_lIeHC_ �4H	�4]�I K HLK � � �%4 � � �*4 

<

�
@
jl~�[;����H�^CMhI a _ �6]� �K 

JC_5J�]$^LM N�K�^=aLMha"c �4H	�4]�I K HCK�<

�
@�[�[=~ ����H�^CMhI a _3K�^ ` �qHTJ�M _nJ�]$^LM N�K�^=aLMha"c �4H	�4]�I K HCK�<

–
�6H �6]�IbK�_ pqK  =H�]?<

–
pq_lIbK�_��qK�c H�c H ` K ` M�H	�3a"c�a�K � ������\ <

�
Y$;lA ��JL_lIeH5K�^CpL]�J	�_ ��I�]��$I _��4H � � ^6J�]� � _�N` K�^��_3N` K�JL_=c Jla"c HL_Co	�_ _  $IeH ` H"'

5 I K�^d_=^qK�K � E �d_����_=I�HL_=a ��IbK"�6Hlc HQJL_=c J�a=c _CM�]�_lIeH H�c H�J�MhI�]�^�K J�H"' ��5�HQp=IeH �6HL_d_CJTH�HL_dHlI _=a � � ^ �5_lIeH
�-�_ ` a=I+�_3H�c H�J�MhI�]��4H�JL_=^�K J�H"' 
 
 K"�4H�^qK ^=a�JCK M K ` HQa=^� =H�pq_ ]dI�H�M N H�M��_�. � ��a"^RJL_=c J�a=c _CM�]�I MhIeH	�=aqK H ` �_R_�Ib_CM�H
_�N` _nN` K!_�N` _ )
'�� ^5M K"��� ]�_�I�M�H5K�^LM�H�c K �=H�^LM
���qH ^"a0�4H

John von Neumann
�
_ ` Mha  �K�_CM � � ^ �6]�  =H�] ` H	�qK M

_CJ�HL_ ` M��_ ��I�]��=c H	�-�_�' F!c _ _Cp=aLMU^"a0�4H�I�]�_ ` HZK  =HLK�� HhG�MhIeH	�  =H K"� ��]�I�M _=^LM�H �qHl^LMhI�a HTpL]$c�aLM N�K�_ _CJ�H ` M�HCK
 �K ` JLK"�"c K�^CH"' 5 IbK�^LMhI�H _=c M�H�c H�� _ ` a �"H�Ib_CM _���]�I  �_lIeHC_ J�]�^ ` MhI�aLJ�M N K HLK JL_=c J�a=c _CM�]�_lIeH�c ]�I ��I K�^�� � � ���_=I�M N�K�IeHC_�� � ^
��I�]��"c H �6H �5_�K � K JCKvN` K �5_�K ` K"� �=c H"' � a��"H ` M K�_ J�HL_ � _�K Jla"^L] ` J�aCM��_ ��HQJL_lIeH _6�#�_CJ�aCM�� ] H ` M�H  =H _
J�]$^ ` MhI�aqK!JC_=c J�a"c _CM�]�_�I�H�c H  �K�^ MhI�HLK ���_=I�M N�K� �K ` M K�^CJ�M�H��!JL_lIeH5K�^LM�HlI _CJ�M N K ]$^LHL_Co	�_�' � J�H ` M�H ���_=I�M N�K ` a"^LM
.

�
a"^qK M _CM�HC_3J�H�^LMhIb_=c��_�� � \ 

<

�
�6H	�4]�IbK�_�<
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�
 �K ` ��]=oLK M K pLHlc H ��H�I K ��H�I K JTH"'

� J�HL_ ` M��_ arhitectură
�qH7JL_�I�H3]RIeH ` ��H�J�M��_ �5_�2�]�IbK M _CM�HL_4JT]"p��_=I N` K M�]�_lI�H _7JL_=c J�a=c _CM�]�_lIeHlc ]�I �4]� "H�I�^LH

` HR^=a0�4H"N` M�H arhitectura Von Neumann
'Q\,HL_ ` a"c,H�c H�JTMhIe]$^qK J�� JL_=c J�a"c _CM�]�I�a"c  "H��"aCo�a"^�_�I�� � \��fa=c N` K

] �$I+�_�� _  ,�_! =H _=c M�H3JL_=c J�a=c _CM�]�_lIeH�� ��Ie] ��Ib_�� _���K�c H ` _=a ^=a$� ` a"^LM ��_CoL_CM�H ��Hn_CJ�HL_ ` M��_n_lI+��K M�H�J�Mha"I��_�' ���_
pCH  "H	� c _5J�H7H �=a"^��_ 

HTJL_�I�H �q_lIeM�H5_ ` _�'

Unitatea centrală
� � \ 
 H ` M�H ` K�^ ��a"Ib_4JL_lI�H*��_CJ�H H���H�J�M K p4]���H�Ib_CM N�K�a=^qK�' F ` M�H-� � J�I�HLK H�I�a"c )nJL_=c J�a=c _CM�]�I a��

c�aqK�' � ^qK M _CM�HL_ J�H�^CMhI _=c��_9� � � � ^LM N H�c H �=H
) a"^ c K"� ��_�2���]�_lIeM�H I�a� �K"�4H�^CM _�I4JL_lIeH ` H ^"a0�4H"N` M�H limbaj
maşină ` _=a cod maşină

'

Memoria
H ` M�HU] �q_lI�M�H��q_ ` K p��_ � JL_lI�HQ^"a ��]�_CM�H ` J	�qK"� �q_ ^qK"�5K J  �K�^QK�^
��]�I �5_CM N�K�K 
5_UJL_=c J�a=c _CM�]�I a=c�aqK��

� ]�c ] ` K M��_  "H � \ ��H�^LMhI�a����_ ` MhIb_�I�HL_  �_CM�H�c ]�I�� ��I�]��$I _��4H�c ]�I���I�H�o�a=c M _CM�H�c ]�I '

Dispozitivele periferice
��H�I �5K M � \ ` �_RJ�]��3a"^�K J�HQJ�a HhG�M�H�I K ]�I�a"cV' � K ` ��]"oCK M K pLH�c H  "H intrare

� � K
�qHlI �5K M ` �_ _CJ	��K oLK M N�K ]$^LH�oTH K�^�� ]�I �5_CM N�K�K  �K�^ _���_�I��_�� ��H�^LMhI�a _ ��H�I�J�H	��H ` M _�I�HL_ c�a�� K�K HhG�M�H�IbK ]�_lIeH
JL_=c J�a"c _CM�]�I�a"c�a�K�� K�_lI  �K ` �q]=oLK M K pCH�c H  =H ieşire

� � K ��H�I � K M ` �_RJ�] � a=^qK J�HQH GqM�H�IbK ]�I�a"c�aqK IeHTo�a"c M _CM�H�c H
]���H�Ib_CM N�K�a"^�K�c ]�I ` _=c H='

� _ � \ .

�
� ^�K M _CM�HL_ J�H�^CMhI _=c��_ H ` M�H microprocesorul

= �0��' � � �&4 K JlIe]�)+��H�^LMhI�a J	�_QH � K J���� ����I�]�J�H ` ]�I�)
�qHl^LMhI�a J��_ ��I�]�J�H ` HC_Co	�_�' 


�
� H ` ��I�H �4H	�6]�IbK H pC]��  �K ` J�aLM _ ��Hnc _lI � �5_�K�M��_=I�oLK�a�'

�
5�H�IbK � H�IbK J�H

–
 "H K�^CMhI _lI�H�. M _ ` M _CMha"Ib_�<

–
 "H K H"N` K�I�H�. H�JlI _=^=a"c&<

5�H�IbK � H�IbK J�H�c H ��]=M 
RHhGqM K�^ ` H5Jla$�!JL_ ` HTM�]	� ]$^$��K"� ��I K"�5_=^LM��_��	 �K ` J5H�M�J"'

� a0���_4J�a�� _�� ` �"a ` �;� \ ��I K J�H �qH  "]�_lI c K"� �q_�2 a"c��5_�N` K�^��_�'�� JTH ` M _4H ` M�H5] ` aCJ�J�H ` K�a"^LH  "H3^=a0�4H�IeH
JL_lIeH I�H	��I�H�oLK�^LM��_ ��H�^LMhI�a H�c&� J�]� �K 

JC_CM�H�� K�^ ` MhI aCJ�M N�K�a=^qK�c H ��HQJC_�I�H c H�H GqH�JlaLM��_�' 5 IbK"�6Hlc H JL_=c J�a=c _CM�]�_lIeH
` H ��I�]��$I _��5_=a  �K�IeHTJ�M*� � ^QJ�]� 	� � _�N` K�^��_��  �_lI H�Ib_� =H ` Mha=c  "H ��I�H�a�' � _��6Hl^qK�K ` � _=a ���_=^� �K M3_CMha"^LJCK ` �_
` JlI K H ^qK�N` M�H���I�]��$I _��4HnJL_lIeH ` �_�� K ��H�I �5K M��_UJL_=c Jla"c _CM�]�I�a"c�aqK ` �_ 

H ��I�]��$I _��5_CM � � ^LMhI � ] ��]�I �-�_3J�HTpq_ � _�K
��IbK H�M�H�^LHC_ ` J	�_�< � K ` K�a"^LHC_ _CJ�H ` M�]�I ��Ie] ��Ib_��6H 

K�^� � =H _%� _CJ�H _CJ�JTH ` K"��K�c a=^Qc K"� �q_�2�H �5_�K�HhG���I�H ` K pB� \
� pC]�� pLH  =HL_RK"�6H  �K�_CM J�a0� 
�' � ` M���H�c
_n_���� _=I aCM limbajul de asamblare

�!JL_�I�HUIeH�ola"c M��_  ,�_=^  
�H�J	� _=IeHLK
K�^ ` MhI aCJ�M N�K�a=^qK$J�]� 	� � _�N` K�^��_ J��_CM�H5a=^n^"a��6H JL_�I�H ` �_ ` a��=H�IeHTo�H5J�H�p�_�' � H �qK�c  ,�_���� � ^3c ]�J  "Hn&"& �0�n& �0�$& �&� � ^
�q_CoC_ 8 
 ` H ` J�IbK H7A
[�<;��JTH�HL_UJ�H8� � ^ ` HL_��3^��_ c _R^qK pCH�c  "H3J�]� �5_�N` K�^��_�� ��H�^CMhI a:� \��fa=c � \��ha"c�a�K 
5a=^-� H�c
 "H A
[�<=Y�A�B '

\,]�IeH ` ��]�^� =H�^LM N _ ��H�^LMhI�a(� \:= ���8� � ^LMhI�H4J�]� �a=c � _�N` K�^��_3N` K mnemonica
 �K�^ _ ` _�� �"c _lIeH4J�]$IeH ` �"a=^
�

o	�_CM�]�_=I�H ��_�N` _ ` H �5_�K!^"a��6H ` J K�^ ` MhI aCJ�M N K�a"^�K�c H  �K�^Uc K"� ��_�2ha"c� "H3_ ` _�� �"c _lIeH 
 H ` M�H  �_CM��_�� � ^ � ^LHhG"_ � � � � ^
J�]$c ]�_=^LHlc H E?�ls?��
�'�5�H�^CMhI a �5_�K��3a"c M�H  "HTM _=c K�K�I�H�J�] � _=^  ��_��B� � ^Lp��_CM N�_�I�HL_7c K"� ��_�2ha=c�aqK� "H _ ` _�� �=c _�I�H*= �0�$'

F=GlK ` M _  "H�JLK a"^���I�]��$I _�� ^=a0�5K M
asamblor

�,JL_lIeH c�aq_UM�HhG�Mha"c ` J�IbK ` � � ^�_ ` _�� �"c _lI�H�N` K�� � c!MhI _  $aLJ�HC_
� � ^QJT]  %� _�N` K�^��_�� ��H�^LMhI�a _ �"aCM�HL_ 
 HhGqHTJ�aLM _CM  "H9� \ ' � K�^CH��f^CM N�H�c H ` � _ ` _�� �=c ]�I a=c H�Ib_ a"^)��Ie] ��Ib_��
J�]� 	� �5_�N` K�^��_��"H GqH�JlaLM _CM  =Hn\ 51��� � ^ ` a�N` K�' ��K Mha�_CM N�K�_ ` H ��I�H�oLK�^CM��_7JL_�� _�N` _�.

112



5 Ie] ��Ib_�� _CM�]�I�a"c ` J�IbK H a=^ M�HhG�M  "H ��Ie] ��Ib_��9� � ^ c K"� �q_�2  =H _ ` _�� �"c _lI�H���JL_lI�H5H ` M�H%� a=I ^�K oL_CM JL_  �_CM�H
 "H3K�^LMhIb_�I�H _ ` _�� �"c ]�I�a"c�a�K�' � ` _�� �=c ]�I a=c��"Hl^LH�I�HL_Co	�_Ua"^�N` K�I  =Hn^"a��6HlIeH��!JL_lI�H5H ` M�H7J�]� �a"c �5_�N` K�^��_ J�]�I�H��
` �=a"^Co	�_CM�]�I�'

5 Ie] ��Ib_�� _lIeHC_�� � ^nc K"� ��_�2  "Hn_ ` _�� �"c _lI�H ^=anH ` M�HU^qK JLK HL_���I�HL_3J�] �6]� ,�_�� ��H�^CMhI aUJ	�_3K�^ ` MhI aCJ�M N K�a"^qK�c H
` a=^LM ��IeHL_ ` K"� �=c H"'�5�H�^CMhI aR_ ` J�IbK HRa"^���I�]���Ib_�� � _�K  =H  =]�_��3^LH�� _�2haCM��_���� � ^�N` K�IbK � K�K  "HRc K�^�K�K�' � J�H ` M _
^"aUH ` M�H ` K�^��$a"I�a"c  "HToL_Cpq_=^CM _�2
�  �_�I _�2ha"^ �"H �qHl^LMhI�a _ ` M K"�3a"c _UK�^
� ]�I �5_CM K JLK H�^qK�K ` �_nK�^LpCH�^LM�H�oTH c K"� �q_�2 H
�5_�K�J�]�� �"c H GqH��!J�anK�^ ` MhI aCJ�M N K�a"^qK,_7J	�_=Ie]�I ` H	�3^qK 
�JL_CM N�K H5H ` M�H �5_�K
_���I�]���K�_CM��_! =H ^CH�J�H ` K M��_CM N�K�'4F ` M�H �3a"c M
�5_�K,^C]�I �5_=c ` �_3_�K!] K�^ ` MhI aCJ�M N K�a"^LH3JL_lIeH ` JlI K HR&��Uc K M�H�I�H �qH3H�J�Ib_=^  =H�J	�_CM4a=^���Ie] ��Ib_��  "Hn80���  "HUc K�^qK�K
JL_lIeH8� _CJTH6_CJ�H�c _�N` K!c�aLJlI a�'*5 c�a ` J��_7c K"� ��_�2�H�c H H�pC]�c�aq_CM�H5K�^CMhIe]� �aCJ N` K�_=c M�H J�]�^CJ�H	�LM�H��
Jla0� _lI 
 pq_lIbK�_��qK�c H��
��I�]�JTH  �a=I K N` ' _�'"�n'  
' 5$H�^LMhI�a _ �"aLM�HC_5HhG�J�aCM _ ��I�]��$I _��4H1� � ^CMhI&�ha"^nc K"� �q_�2 HTpL]$c�aq_CM � ` _=a limbaj de nivel
ı̂nalt


 / ��� ����\��ha"c�� � ^ ` a�N` K�H ` M�H a=^ _ ` M�� Hlc0 "H3c K"� �q_�2
�� "H"N` K ` ��IeH3c K"�5K M _  =H 2�] ` / MhIeH	�=aqK H ` �_ HhG"K ` M�H!� � ^
�4H	�6]�IbK H4a"^n_=c M ��I�]��$I _����=JL_�I�H ` �_ ��H�I � K M��_5_CJ�H ` M c�aCJ�I�a$�,_�N` _7J�a0�O_ ` _�� �"c ]�I�a"c"MhIb_  �aCJ�HL_ ��I�]���Ib_��3a"c
 �K�^nc K"� �q_�2 a"c0 =H5_ ` _�� �"c _lIeH!� � ^4J�]� � ��I�H ` J�a=IeM _lI�H ��H�^LMhI�anJ�]� 	� � _�N` K�^��_ 
T'vF=G"K ` M��_  =]�a��_ �4H�M�]� "H ��H�^LMhI�a
_ ` M _�.

�
5 IbK�^nMhI _  $aLJ�HlIeHL_ 
�H�J��_=I�HLK K�^ ` MhI�aLJTM N�K�a"^�K  �K�^ ��Ie] ��Ib_�� a=c�� � ^Rc K"� �q_�2 a"c sursă

� c K"� �q_�2 a"c
HTpL]$c�aq_CM 

� � ^LMhI � ] ` H�J�pCH�^CM N _  =H K�^ ` MhI aCJ�M N K�a"^�K � � ^ JT]  %� _�N` K�^��_�' � � aLJ�I�a"IbK�c H ` a=^LM��=aLM N K�^ �5_�K J�] � �=c K JL_CM�H��
 �_lI H ` H�^CM N�_%� Hl^L]��4H�^=a"c�aqK _ ` M _3H"' 
95 I�]�J�H  =H�a"c ` HU^"a��6H"N` M�H compilare

' � ` _�� �=c _�I�HL_3H ` M�H a=^
HhGqH � �=c�a  =H J�] � ��K�c _�I�H"'

Compilatorul
H ` M�H7a"^ ��Ie] ��Ib_�� JL_�I�H4H�� H�JTMhaLHL_Co	� _5_CJ�HL_ ` M��_ MhIb_  �aLJTH�IeH='

\ HTHL_5JTHnIeHTo�a"c M��_�� � ^na=I �5_4MhIb_  �aLJTH�I K�K H ` M�H a"^ ��I�]���Ib_�� ��H5JL_lIeH�� � c �"aLM�H � HhG�H�J�aCM _�'

�
� c	 "]�K�c HC_ ��I�]�J�H  "Hla J�]$^ ` M��_!� � ^8� ]�c ] ` K�I�HL_7a"^"a�K ��I�]��$I _�� � J�]� ��5_�N` K�^��_ 
 JL_lIeH ` �_4K�^ ` ��H�JTM�H�o�H3M�HhG �
Mha"c���I�]��$I _��3a"c�a�K ` J�IbK ` � � ^3c K"� ��_�2ha"c� "H3^qK pCH�c � � ^q_=c M N` K���� � ^ � a"^CJ�M N�K H! =H K�^ ` MhI�aLJ�M N�K�a"^CHL_�� � ^LM��_=c�^qK M��_�� ` �_
K�^LpC]�JTH*��H�c�a"IbK M�H ��Ie]�J�H  $a"IbK��,JL_lIeH8� _CJ M�]�_CM��_ MhI�HL_���_�' � J�H ` MvM K"�! "H5H GqH�JlaLM _lIeH ` H3^"a0�4H"N` M�H inter-
pretare

�
K�_lI ��Ie] ��Ib_�� a=c�JC_�I�H6� � K�^ ` ��H�J�M�HC_Co	�_ )RK�^ ` MhI�aLJTM N K�a=^qK�c H N` K!HhG�H�J�aLM�� _8� � ^%� a"^CJ�M N�K H  =H _CJ�HL_ ` M _
��Ie] ��I K�K�c H ` _=c H ��Ie]�J�H  $a"IbK ` H ^=a0�4H"N` M�H interpretor

' ��������\��ha"c�H ` M�Hna=^ c K"� �q_�2 K�^LM�H�I ��I�H�M _CM � HhG �
K ` M��_3N` K�p�_�IbK�_=^LM�H  "H ��������\QJ�] � ��K�c _CM�H��� �_lI ` a"^LM4^�KeN` M�H-�qK"��IbK oLK 
T'

� ^-� Hlc� "HnK�^LM�H�I ��IeHTM�]�I _�� ` J�IbK ` N` K ^L]�K�.!��I�]���Ib_��3a"c� �K�^nJL_���K M�]�c�a=c ��I�H�J�H  =H�^LM5JC_�I�H K�^LM�H�I ��I�H�M�HL_Co	� _
� ^=a� "H �=HL_��q_ ` H-��]�c ] ` H"N` M�HR_CJ�H�c _�N` K J�aLp��_=^CM � 
Oa=^ ��IeHlc�a� �K�a� =H � _CJ	��' � H J�H�( 5�H�^CMhI aQJ	�_ ��I K pCH"N` M�H
M�HhG�Mha"c a"^"a�K � ����I�]��$I _�� �3aLoCK JL_=c ) � p�_�IbK�_��qK�c _ � ��
4N` K���� � ^�� a=^LJ�M N K H  =H J�]$^LM N�K�^=aLMha"c,HLK��,K�^CpL]�J	�_3] _=^"a0�5K M��_
K�^ ` MhI aCJ�M N�K�a=^LH5z�[�[�@,',F ` M�H3a"^nK�^LM�H�I ��IeHTM�]�I ` �_=I��_CJ�aCM N��� �_�I � _CJ�H�� � ^CM�]�J	� _�K=J�HTHL_nJ�H5_�� ` �=a ` '

\ a0� _lIvc�aCJ�Ib_Ua"^(� � J�]�� �qK�c _CM�]�I�) � aCoLK JL_=c ( 5 �_�K�_�I MhI�H	�"a�K ` �_ �"Hl^LH�I�H�o�HRa=^�^C]�a ��Ie] ��Ib_�� JL_lIeHn_�I

�] ` aLJ�JTH ` K�a=^LH  "H5z�[�[�@��ha"IbK���
�H�JL_lIeH7J�a p�_=c ]�_lIeHC_ ��I�]���IbK H��,_  �K J	�_4J�H�p�_  "H �"H�^=a"c&.


 z�[�[�@ � ��� � ���Rz�[�[�@.����� � & �Rz�[�[�@.����� � & � z�[�[�@ � ��� � ����� z�[�[�@ � ��� � � �� z�[�[�@ � ��� � & �Rz�[�[�@.����� � ��� �Rz�[�[�@.����� � � �
N` K=_�N` _ � _�K  "H	��_�I�M�H"' � � I 
 a=^ J�] � ��K�c _CM�]�I�JL_lI�H MhI _  $aLJ�H  �K�^5c K"� �q_�2 a"c0�3aLoCK JL_=c�/ � � ^ JL_lIeH4a=^ ��Ie] ��Ib_��
H ` M�Hna"^ N` K�I  "Hnc K M�HlIeH�/ � � ^ � ������\ ' 


���_ ��I K p�K"� �5_�K,� � ^� =HL_���I�]�_���HQ]�I ��_=^qK oC_�I�HL_ �6H	�4]�IbK HLK � \��fa=c�aqK�' 5�H�^CMhI a�� � ^LJ�H	�=aLM
� ]�� ` H�I�p��_�� J	�_
�4H	�6]�IbK�_ ��]�_CM�H 
7� � � ���_=I�M N�K M��_!� � ^  =]�a��_ �=aLJ	�_CM N�K �5_�IbK���JL_lIeH5_=a ��Ie] ��I K H�M��_CM N�K� �K ��H�I K M�H='

5 I K"�5_ �"aCJL_CM��_ H a=^
ROM

�
Read Only Memory � �4H	�6]�IbK H3^"a�� _�K �qHl^LMhI�a�JLK M K�I�H 
�� _  �K J	�_3]

�4H	�6]�IbK H5_=c�J	�_=I�HLK!J�]$^LM N K�^"aLM7^"a ` H ` J��qK"� ���_ ^qK JCK ]  �_CM��_�' �vK JLK H ` M�H ` J�IbK `  �K�^�� _���IbK J	�_ ��I�]���Ib_��3a"c�JL_lIeH
K�^LM�HlI ��I�H�M�HL_Co	�_ ��������\,�fa=cV'
�+ "]$aq_ �=aLJL_CM��_3Hna"^

RAM
�
Random Access Memory � �4H	�6]�IbK H Jla _CJTJ�H ` _=c HL_CM�]�I 
�''
 a
�

�4H�c H  "H ���84O^"a4H ��I�HL_8� HlI K JLK M _=c H ` �� �_lI,H ` M�H  "H+2 _ � � ^LJ�HTM��_CM N H�^�K M�' \ ]$^LM N�K�^=aLMha"c�_CJ�H ` M�HLK �4H	�4]�I K�K���]�_CM�H

 ` J	�qK"� �q_CM  =H(� \ ' � Hn_ ` H �6H�^CHL_�� c _8� � ^LMhI�H�I a���H�IeHC_Q_=c K"�6Hl^LM��_=IbK�K$J�anJ�a"I�H�^LM7H�c H�J�MhIbK J�� K�^
� ]�I � _CM NbK�_  "H
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_�K JLK ` H!�qK H�I  "H=' \ a�� H ` M�H4HL_0� ]$c ] ` K M��_  =H6K�^LM�HlI ��I�H�M�]�I�a"c ����� �V\ �fN` K!^=a ^=a0�5_�K 

�=J�]�^ ` M K MhaqK H ��IbK�^LJLK"��_=c�a"c
` a��qK H�JTM _=c
_CJ�H ` MhaqK!JC_��qK M�]�cV'

� ��^q_�K�^LM�H  "H _7MhIeHTJ�H �5_�K� =H	�q_lIeM�H�� _lI MhI�H	�"a�K ` �_4pCH  "H � J�H5H ` M�H  "H"� _��LM
memoria

N` K!J�a�� �"aCM�H	�
�-�_ ` a=I _ ]4JL_=^CM K M _CM�H  "H!�4H	�4]�I K H"' � K"�5_ ��K�^LH  "H ` Mha"c	 =H ��]"MhIbK pqK M��_ H ` M�H _ a"^=aqK� $a"c _�� J�a ] ` a0�4H  "Hl^qK H
 "H ` HlIeM��_=I _�N` H"' � ��^ 
�H�JL_lIeH  �K�^ _CJ�H ` M�H ` H�I�M��_=Ib_�N` H ` H _�@ �_ a=^5^"a��7�_=I '!� \ �q]�_CM�H!��I K p�K3� � ^ ]�IbK JL_lIeH  �K�^ H�c H6N` K��
��H�^LMhI�a ` H�I�M��_=Ib_�N` H�c H ���84 ����]�_CM�H ` J	�qK"� �q_7^"a��7�_=I a=c	 �K�^��_=a"^CMhI a�'*
 a0�4H�IeHlc H  �K�^ ` H�I�M��_=Ib_�N` H ` a"^CM ` J�IbK ` H
� � ^ ��_CoL_38 � pCH�oLK � ^CHhGl_RF�
T'*5$H�^LMhI�a 
�H�JL_lI�H ` a=^LM  �K ` ��]�^qK"��K�c K � ��K M N�K�' � ` M _�� � ^ ` HL_��3^��_4J	�_ ^"a0�-�_=I�a"c� "H
 �K�^��_=a=^LMhI�a _lI�H5] p�_=c ]�_lIeH�� � ^LMhI�H �RN` K,8�s"s!' ��H�I�M _�I�H�c H ` HU^"a0�4H ` J locaţii de memorie

' � \,]�� �q_lI _CM N K�_
J�aUa"^ ` HlIeM _lIv^=a5M N K�^LH ��I�HL_ �qK�^CH�� �qHl^LMhI�a J��_4]Rc ]�JL_CM N�K H! "H �6H	�4]�IbK H J�]�^CM N�K�^LH�� � ^LM�]"M  =HL_=a"^�_Ua"^n^=a0�-�_=I��
��H J	�_=^� na=^ ` H�I�M _�I �q]�_CM�H ` �_ 
�H��=]�cV' 
'� JL_=^LM K M _CM�H  "H!� �qK M N�K ` H!�5_�K�^=a0�4H"N` M�H5N` K octet ` _=a1� � ^ H�^��$c H�o	�_
byte

'
��H�I�M _�I�H�c H ` a=^LM _�N` H�oC_CM�H � � ^CMhI&��]5]�I  �K�^CH 
�G��_ � K"�5_ ��K�^�_CM NbK ��p��_4a=^  �a=c _�� c�a=^��  "H M�]"M 
 N` K�
�H�JL_lIeH ��]�_CM�H


 JL_lIb_CJ�M�H�IbK oL_CM  "HR^=a0�-�_=I�a"c ` �_=a  =Hn]�I  �K�^LH"'�� J�H ` M5^"a��7�_=I  =Hn]�I  �K�^LH ` HR^"a0�4H"N` M�H adresa
c ]�JL_CM N�K HLK

I�H ` ��H�J�M K pCH  "H �6H �6]�IbK H"'95 I K"�5_ c ]�JC_CM N�K H�_lI�HZ_  $IeH ` _ ��� JTH�c H�c _=c M�H &��v8 N` K M�]=M _�N` _ ���_=^��_ c _�
ls"s�?�s
�&� � ^ ��_CoL_Q& � 
�' 
 a��6HlIeH�c H  �K�^ K�^LM�H�I�pq_=c�a=c � � 
ls"s�?�s ` H �"aCJ�a"I��_  =H ��I�]���IbK H�M _CM�HL_UJ	�_���]"M 
 HhG���I K"�5_CM�H
� ]$c ] ` K�^  R^"a�� _�K,& 
 �qK M N�K���_  �K J	�_385]�J�M�HTM N�K�' � ` M _ ��H�^LMhI�anJ	�_ � � � � 
�s=s�?0
$'� ��^ K�^
��]�I �5_CM K J	�_ ` H%� ]�c ] ` H"N` M�H5pq_=c ]�_�I�HL_  =H kilooctet

��H�^CMhI a�_ �-�_ ` a"Ib_5JC_=^LM K M _CM�HL_  "HnK�^
� ]�I � _CM NbK H
 �K�^CMhI&��] �4H	�4]�I K H"' � _lI � _CM�H�^CM N�K H�� a"^ �LK�c ]�]�J�M�H�M3^=aZ_lIeHQ& �0���  "HU]�J�M�H�M N�K�� JLK &��"8lE?� _  �K J	�_ � � � ' � ` M _
��H�^LMhI�a5_!�"aCM�HL_4HhG���IbK"� _ _  �I�H ` H�c H7a"^CHLK �6H	�4]�IbK�K  "H4a"^ �LK�c ]�]�J�M�HTM ��H HhG"_CJ�M &�� ��K M N�K�' ��]$c ] ` K�^� 5_CJ�HL_ ` M��_
a"^�K M _CM�H �"aCM�H	� ` �"a"^CH J��_ � \ _lIeH 
ls"s�?�
 '$&��"8lE � 
�E �LK�c ]�]�J�M�H�M N�K�� ` _=a ��H ` J�a"I�M 
�E�Ev'

\ _ ` �_ �=aLM�H	� ` �_ ��I K JTH	��H	� �5_�K a�N` ]�I J�a0�OH ]�I ��_=^�K oL_CM��_ �4H	�4]�I K�_ pL] � � � ^Cp��_CM Nb_8� � ^LM��_�K!JC_�I�H ` a"^CM
K�^ ` MhI aCJ�M N�K�a=^qK�c H5JC_�I�H5]���H�I�HL_Co	�_  �K�IeHTJ�M4c _n^�K pLHlc� "Hnc ]�JL_CM N�K H"'

15.1 � � � �

F;
 � � F�= ��*.
to poke � _�� � ^ 
 �"H

����
 D�� � ��*. @�jl~�[
adresa � byte\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.

adresa
H ` M�H3a"^U^"a��7�_=I�� � ^CMhIeH � N` K 
�s=s�?�s��

byte
a"^=a"c � � ^LMhI�H �
8ls 
 N` K�8ls"s
' � _CJ��_ byte

H ` M�H3^LH ��_��
M K p��
K ` H _  �_=a����_ 8ls 
$' \,H�c H  =]�a��_n^=a0�4H�I�H ` HnI�]"Mha=^ 2 H ` J"' � �V^3JL_Co�a=c�J	�_ ^"aUIeH ` ��H�J�M��_Uc K"�5K M�H�c H5K�^� �K JL_CM�H
` a=Iep�K�^LH7H�Ie]�_�I�HL_ � '

@�j�~�[ ` J�I K H0� � ^4]�JTM�H�Mha"c�J�an_  �I�H ` _ ` ��H�JLK 
�JL_CM��_ ^"a��7�_=I a=c
K�^  �K JL_CM�' ��J�IbK H�I�HL_8� � ^ �;�'4 ^"an_�I�H4H�� H�JTM�'

15.2 � � � �
F;
 � � F�= ��*.

to peek � _ ��I K p�K ��H8� a"IbKeN`
����
 D�� � ��*. @�[�[=~

adresa\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

adresa
MhIeH	�=aqK H ` �_ 
�H�� � ^LMhI�H � N` K�
ls"s�?ls ��H�^CMhI a _3^=a ] �LM N�K�^LH7H�Ie]�_�I�HL_ � '

@�[�[=~5H ` M�H � a=^LJ�M N�K�_ ]��=a ` �_ c�aqKl@
jl~�[,'"F�_ � � ^LM�]�_lI�J�H ^"a��7�_=I a=c�JL_lIeH H ` M�H JT]�^LM N K�^=aLMha=c�c ]�JL_CM N K HCK�J�a _  �I�H ` _
` ��H�JCK 

JC_CM��_�'
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15.3 Harta memoriei
� ` J	�CH	�7�_ ��Ib_ 
�J	�_3_7]�I ��_=^qK o	�_=I K�K �4H	�6]�IbK HLK ` H ���_ ` H"N` M�H!� � ^ � ^LH Gl_U\ '

5 I K"�5K�K &�
�E ` a"^LM3]�J�a0��_CM N�K  "H �;�'4 � _Cp��_=^  _  �I�H ` H�c H�� � ^LMhI�H � N` K &�
=?0�=?�'95�H�^CMhI a _  "H ` J�] �qHlI K
J�a�� c�aLJ�I�HL_Co	�_ ��������\,�fa=c MhI�H	�"a�K H  "]�_�I ` �_� "H ` JLK � Ib_CM N�K ��Ie] ��Ib_��6Hlc H�� J�]� �� �5_�N` K�^��_ 
7JL_�I�H ` a"^CM ` J�IbK ` H
_�K JLK�'�5$H�^LMhI�a _CJ�H ` M ` J�] �RIeH�JT]��5_=^� RJ�anJ	�_=c  $a"I��_3HhG�J�H�c Hl^LM _UJL_lIeM�H(� � D��LHR\,] � �=c H�M�H � ��H�J�MhI�a0� �;�%4
� K ` _ ` ` H	� �"c � )3JLK M _CM��_nN` K � � ^ K�^CMhIe]� $aLJ�H�I�H"'
�!H ` Mha=c �6H	�4]�IbK HLK=H ` M�H � �*4U'
� HQc _d& 
"?���Edc _R8"8ls�8�� ` HR_�@ �_U]Qo�]�^��_ ^"a�� K M��_

memoria video
'�� K JLK JL_=c J�a"c _CM�]�I�a"c �4H�^LM N�K�^CH

K�^
��]�I �5_CM NbK�K  "H ` ��IeH 
�H�JL_lIeH �=a"^CJ�M  =H ��H5HTJ�I _=^��  �_CJ	�_3a"^ �qK G�H�c�H ` M�H�� � _���IbK�^ ` ) � on

 ` _=a6� � ` M K�^ ` ) � off


�'
��K H�JL_lIeH!��K GqH�c=J�]�IeH ` �"a=^� =H a=^"a�K �qK M
�=JL_lIeH H ` M�H � ��H�^LMhI�a off

N` K!& ��H�^CMhI a on
' � _=c ]�_lI�HL_!� � � ^ ` HL_�� ^��_ J	�_

�"a=^LJ�Mha=c,pq_n_CpCHL_3J�a=c ]�_lIeHL_ @�|�@�[=A ' ��]$c ] ` K�^� �a�� ` H  "H3J�]$^LM N�K�^"aCMha"c,_CJ�H ` M�HCK �4H	�6]�IbK�K���_=^"a�� K M�H7JLK�IeJlaqK M�H
H�c H�JTMhIe]$^qK J�H-� ]�I �4HL_Co	�_ K"� _ ��K�^LHL_ ��H�^LMhI�anM�H�c H�p�K o�]�I�� ��H JC_�I�H4]npLH  =H�M N K ��H5HTJ�I _=^�'�5�H�^CMhI a3J	�_7] c ]�JL_CM N�K H
_lIeH � ��K M N�K�� �"a"^CJ�M�H�c H ` a"^LM��4H	�4]�I _CM�HUJ	�_CM�H�� � � ^LMhI �fa=^ J�aCp��_=^LM  "H �6H	�4]�IbK H � ��]�c ] ` K"� N` K M�H�I �4H�^"a=c
cuvânt

��H�^LMhI�a JT]�^LM N�K�^"aCMha"c4a"^CHLK7c ]�JC_CM N�K�K 
�' �4I  �K�^CHL_ � � ^ JL_�I�H ` a=^LMQ_�N` HToL_CM�H � � ^ �4H	�4]�I K Hdc ]�JL_CM N K�K�c H
J�]�I�H ` �=a"^Co	�_CM�]�_�I�H �"a=^LJ�M�Hlc ]�I J�]�^ ` H�J�aCM K pLHU^"a3H ` M�H4J�HC_U^q_CMha"Ib_=c��_nN` K��6H�IbK M��_ ] ��IbK pqK�I�H �5_�K�_���I�]��qK�_CM��_�'

5 I K"�4H�c H3]��LM �"a=^LJ�M�H  "H���H H�JlI _=^ �  �K�^ JT]�c M N a"c ` M��_=^���_�� ` a ` 
 ` a=^LM �4H	�6]�Ib_CM�H�� � ^���IbK"� a=c
]�J�M�H�M5_=c
�4H	�6]�IbK HLK�HTJ�I _=^ � ` _=a p�K  "H�] 
!/ &�
=?0�lE
'�5 IbK"�3a"c�aqK��"a=^LJ�M1� � K�JT]�IeH ` �"a=^� "H �qK Mha=c�J�H�c �5_�K ` H � ^�K 

JC_CM K p$�
J�H�c�a�K  "H�� _=c� "]�K�c HC_Ua"I �7�_CM�]�I a=cqHTM�J�.

� ��I K"�4H�c H4]��CM �=a"^LJTM�H  =H ��H5H�J�Ib_=^$<
J�]$^LM N K�^"aLMha=c�]�J�M�H�Mha"c�a�K &�
=?0��E3H ` M�H�. �$&��0�$&�����&

� NhK$JL_ ` �_3^=a ` H K pCHL_ ` J	�_  �K ` J�aLM N K�K����q_�K ` �_ pLH�IbK 
�J	�_���.


 @�9�j=< � � ��� 
 � @�9�j=< & � ��� 
 �n@�9
j=<�� � ��� 
��� @"A,:CB�< |�< � � � �Z@�[�[=~ � ��# " &A�Y�B

� I
MhI�H	�=aqK ` �_ ] �LM N�K�^CH�M N�K � � � � 	 � � � � ��� � ��K M N�K�K0
,��?3N` K � ` a"^CM & 
�'�5 I�H ` a��"a=^6J	�_4_CM N�K�]��CM N�K�^=aLM _CJ�H ` M
I�H�o�a"c M _CM4N` K
MhIeH�J �5_�K� "H	��_�I�M�H"' ���_4_���IbK�^� =H	� �"a=^LJ�Mha=c� �K�^5J�]$c M N3�� �_lI ^"a Jla5@�9�j=<;��JLK  �K�I�H�J�M
� ` J�IbK�K�^� �� � ^
�4H	�6]�IbK H"' B�[0� '

D IeH �"aqK H ` �_8��_CJ�H	�OJL_ �qK Mha=c�� _=c�]�J�M�H�Mha=c�aqK & 
"?���E ` �_ 
�H�& � ` �_��fc setăm

T' � J�M�H�Mha=c _lIeH5p�_=c ]�_lI�HL_

���!J	�_CJLK  �a0���_7B�[��QM�]�_CM�H �=a"^LJTM�H�c H ` a=^LM @�|�@�[=A /  =H�JLK �qK M N K�K ` a"^CM M�]"M NbK ��<,_CMha=^LJLK��,Jla ��K Mha"c�� ` H�M _CM
�
]�J�M�H�Mha=c�pq_7J	�_����_CM _ p�_=c ]�_lIeHL_ � � � &L8���'

@�jl~
[�� ��# " & � ����"
� �6H�I ` �!^=a ( ���_7I�]"M K"� _CJ�a�� �"a=^LJ�Mha=c ��IbK�^LMhI�H5J�H�c H �,.

��� �
jlA>2 & � <
j � ;=<�[�@�
�� ��@�jl~�[ � ��# " & � �!+�2 � B�[���< 2
�*� x
j=<�j ���

A�Y�B
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�?2ha=^��=H��
_CJ�a�� M _ ` M _CM N K � � F �*E '

� a"^�� ���_UpCH  "H � �5_�K  "H	��_�I�M�H�� � � ^RJ�HR]�I  �K�^LHRp�K�^�JTH�c H�c _=c M�H �q_CJ	�CH�M N H�c H� "HRJ	� _CM�H � �=a"^LJTM�H"' \ a
�"a=^LJ�M�Hlc H _�@
_CM�H ��H5_CJ�H�HL_�N` K!]�I K oT]�^LM _=c��_3^"a�� K��5_�I�H ��I�]��=c H	�7�_�� ��H�^LMhI�a J	�_���]�I �4HL_Co	�_ 8�s�
 �=a"^CJ�M�H�'0� �?"8  "H �q_CJ	�CH�M N H�c H���JC_�I�H�� � ^ �4H	�6]�IbK H ` a=^LM J�]$^ ` H�J�aLM K pCH"'

\ _ ` �_4^LH4J	��K�^"a�K"� � _�K �=aLM N�K�^5pC]�� ���_ ��_  "H ` HL_��7�_ J	�_4H�J�Ib_=^"a=c�H!� � � ���_=IeM N�K MC� � ^ MhI�HLK�� H�c K�K�]�IbK o�]�^CM _=c H
` a���I _��=a ` H�� JL_lIeH ` HRJ�] � ��]�I�M��_Rc _6� H�c  �K�^ �"a"^CJ�M  "HRpLH  "H�I�H _=c �4H	�4]�I+�_=I K�K�' 5 I K"�4H�c H � I��_=^� $a"IbK  "H
JL_lI _CJTM�H�IeH%� _CJ ��_�I�M�H  �K�^ ��IbK"� _7MhIeHCK"�6H��!I��_=^  �a=I K�c H � �,&�s  �K�^ _  "]$aq_RN` K,a=c M K"�6H�c H �  �K�^ _7MhI�HLK�_�'�� ` �_
��IbK pqK"�9� � ^! "HTM _=c K�a ��IbK"� _7MhIeHCK"�6H N` K$pL] � N` M K$J�a�� ` M��_4MhIeHC_��q_ N` K$J�a J�Hlc H�c _=c M�H"'
� a0���_RJ�a�� ^LHQ_�N` M�H	�CM��_���� ��IbK"�3a"c �4H	�4]�I _CM H ` M�H ��IbK"� a=c I+�_=^�  "H �qK G�H�c K  "H �qH H�J�Ib_=^�� J�H�c J�a

( � &���s 
�'�� I �4HL_Co	�_ � � ^ ` �_4_=c�^C]�a��_=c HL_nN` K�I  "H �=a"^LJTM�H ` _=a$�� �_CJ��_ ��I�H�� H�Ib_CM N�K�� ��IbK"�3a"c
N` K�I  =H �"a"^CJ�M�H  �K�^ _=c
 "]�K�c HL_UI��_=^�  =H5JL_lI _CJTM�H�IeH � ( � &�
=? 
T' � I �6HL_Co��_4_=c � �!� � & � �hc HL_nN` K�I � ��I K"�3a"c� �K�^n_=c�MhIeHLK�c HC_UI+�_=^�  "H
JL_lI _CJTM�H�IeH 
 N` K!M�]=M _�N` _�� ���_=^��_ c _ ��I K"�3a"c N` K�I  =H ��K GqH�c K� �K�^ _=c�]��CMha"c HL_ZI+�_=^�  "H3JL_�Ib_CJ�M�H�I�H�� a=c M K"� a=c� �K�^
��IbK"� _ MhI�HLK"�4H"' � �qK�_  �a����_ _CJ�H�HC_ p�K�^LH _=c  "]�K�c HL_5N` K�I  =H!��HvH�JlI _=^���a=I �5_CM  "H _=c�o�HTJ�H�c HL_��=]��CM ` ��I�H�o�H�J�Hlc HL_
N` '�_�'"�n'  !'
���_ a"I �7�_=I K"� J	�qK�_lI ��H5H�J�Ib_=^ ]�I  �K�^CHL_ ��H�^LMhI�anJ�HLK
� � I+�_=^� �a=I K  =H5JL_lI _CJTM�H�IeH 
 �+� � � H�c K�K  =H �qK G�H�c K ��H3JL_�Ib_CJ�M�H�I 
 � ?"8 � JC_�Ib_CJ�M�H�I�H���HnI+� _=^� 
 � 80�lE �

 "H7]�JTM�H�M N�K�_�K���IbK"�6HLK$MhI�HLK"� K�.

��� �
jlA>2 & � <
j �*� & ���R@�|"Y
;=[ 
 �
�*� @
jl~�[ � ��# " & �,2 � � 
�
 � @=A,:CB
< |�<���� � ��� 2# � B
[���< 2

� ���_ ` �_=^� 3]nM _ ` M��_ pCH�M N�K ��I��_��qK��"aCM N�K�^ ��I�]��$I _��3a"cV'
\,H�c H �A� H�c K�aCM N�H  �K�^nJL_lIeHnH ` M�H _=c J��_CMhaqK M4a=^ JL_lI _CJTM�H�I ��H3H�J�Ib_=^�_=aZN` K,Hlc H ] I�H ��a=c��_nK�^LM�HlIeH ` _=^LM��_  "H

 �K ` �"a=^LH�I�H"' � K ` M _=^CM N�_  �K�^LMhI�H  =]�a��_"� H�c K�K$J�]�^ ` H�J�aCM K pLHnH ` M�H  "H 8ls 
  "H7]�JTM�H�M N�K��$]�I K JL_lI�H _�I 
ZJC_�Ib_CJ�M�H�I�a"c
 "H �qH7H�J�Ib_=^�'
��_CM��_5_  $IeH ` H�c HnI��_=^  �a"IbK�c ]�I  =H �qK G�H�c K,_�K ��IbK"� a=c�aqK$JL_lI _CJ�M�HlI  "H ��H5H�J�Ib_=^$.

� � � 8�s�
 � &�
=?0��E
� & � 8�s�
 � &�
=?0��E
� 8 � 8�s�
 � &�
=?0��E
� ? � 8�s�
 � &�
=?0��E
� E � 8�s�
 � &�
=?0��E
� s � 8�s�
 � &�
=?0��E
� 
 � 8�s�
 � &�
=?0��E
� � � 8�s�
 � &�
=?0��E

��HdI�H	�5_�I�J	�_ � _��CMha"c J	�_ J�H�c H  "]$a��_ I��_=^� $a"IbK  �K�^�2�] ` a"c H�JlI _=^=a"c ^=a _=a ] � ]�I �-�_ ��IbK pqK�c H ��K�_CM��_  "H
�4H	�6]�Ib_lIeH"'

� I �-�_CM�]�_lI�HL_ o�]�^��_4_ �4H	�4]�I K HCK ` H�� � ^LM K�^  "H! "H c _58"8ls�80� c _58=?"80�ls N` K$]�J�a0���_ �0
��  =H6]�J�M�HTM N�K���_  �K J��_��� � � �!' ��K H�JL_lIeH c ]�JL_CM N�K HvJT]�IeH ` �"a=^� "H3a=^"aqK ���_CMhI+�_CM N�H�c  �K�^ ��IbK�c _  =H 2 ]�_ ` �_ IeH�oT]�c�aLM N�K H � � � ^ ]�I  �K�^LHL_ 
,IeHC_ ` J	�_ 

N` K$J�]$^LM N�K�^LH7J	�qK�_lI _CMhIbK"�"aCM�H�c H _CJ�Hlc�aqK ���_CMhI+�_CM N�HlcV'
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5�H�^CMhI an_ �4H	�4]�I _ � � ^CMhIeHL_ ��_ K"�5_ ��K�^CH  =H ��H5H�J�Ib_=^ ` a"^LM  =H�JLK ^CH�J�H ` _�IbK
? ��MhIeHLK"�5K 
 � 8���E�� � ]�J�M�HTM N�K ��H5MhIeHCK"�6H 
 � �0
�� � Jla"c ]�IbK 
 ]�JTM�H�M N�K���_  �K J	�_ 
�'���s�Ev'
� ^n_=c M!�6]�  "H �6H	�4]�Ib_�I�H5_nK"� _ ��K�^qK�K���JC_�I�H ` �_ ��H�I �5K M��_ 
�H�J	� _=I a�K �qK G�H�c ` �_3_�K"���_3] J�a=c ]�_lIeHnK�^� =H��

��H�^� =H�^LM��_  =H _7pLHTJLK�^qK�c ]�I ` �_�K���_�I 
Z_Cp=aLM4^CH�pL]�K H  =H 8�s�
 � �=a"^LJTM�H��qH7]�I K o�]$^LM _=c��_ 
 � &��=8 � �=a"^LJTM�H��qH
pCH�IeM K JC_=c��_ 
 � &�'"8�� ]�J�M�H�M!��H �=a"^CJ�M 
 � 8�E=s ��
4]�J�M�H�M N�K � 8lE?E��
� � � JT]�^ ` K  "H�Ib_CM4J	�_ 
�H�JL_lIeH �qK G�H�c �q]�_CM�H _CpCHL_R&�
3J�a=c ]�I K��,_  �K J	�_ ` H�� ]�c ] ` H ` J �qHl^LMhI�a H�c�E���K M N�K�/i&�'"8
 "H7]�JTM�H�M�' 
 � _CM��_  "H�JLK!J��_3I�H ` MhIbK J�M N K�_ K"� �"a ` �_��� "H3_3^"an_CpLHL_ �5_�K � a=c M  "H  "]�a��_4Jla"c ]�IbK  �K � H�IbK M�H�� � ^CMhI&�ha"^
���_CMhI+�_CM N�Hlc � � �  �aCJ�HUc _ K"� ��]�IeM _=^CM�H6HTJ�]�^C]��5K�K� "H �4H	�4]�I K H��

���_ J�]�^CM K�^"a��_�� HhG �=c ]�I _lI�HL_ �6H �6]�IbK HLK�'
� I �4HL_Co	�_

bufferul
K"� ��IbK"� _=^CM�HLK���� � ^CMhIeHQ8"?=80��
 N` K 8"?ls"s
&='��vK JLK ` H �6H �6]�I�HL_Co	� _nJL_lI _CJTM�H�IeHlc H  =H

MhIb_=^ ` �5K ` ` ��I�H K"� ��IbK"�5_=^LM��_ �  =H�M _=c K�K	� � ^n\ _��qK M�]�c�a=c & � 
T'
� H c _�8=?�s=s�8 c _Q8=?0�=?"? ` H ���_ ` H"N` M�Hno�]�^�_ variabilelor de sistem

' �vK JLK K�^CM�H�I ��I�H�M�]�I�a"c ��������\
� � N` K �4H	�6]$IeHC_Co	�_ M�]"M%� H�c�a"c  "H� �_CM�HQJL_lIeH-� � K ` a"^CMR^LH�JTH ` _lIeH=' ��K H�JL_lI�H�p�_lI K�_���K�c��_Q_lIeH _ ` ]�JLK�_CM�� � ^ �6]� 
J�]$^LpCH�^LM N K ]�^�_=c,a"^R^"a��6H��� �_�I ^"anH ` M�H pC]�I �q_  "H ` ��I�HR^"a0�4H�c HUa"^CHLK,p�_�IbK�_��qK�c H ����� �V\ �!JLK a"^R^"a��6H �qH
JL_lIeHnK �hc� ��_�� ` ��IeHn_ �"aCM�HL_UpL]�I �qK �5_�K,a�N` ]�I  "H ` ��IeHnHC_�' � � J�H ` M�HL_ ` a"^LM7^"a��6H�c H3p�_=I K�_���K�c H�c ]�I1� ]�c ] ` K M�H
 "H ��I�]��$I _��3a"c�� � ^3c K"� �q_�2  =H _ ` _�� �=c _�I�H JL_lIeH5_8��] ` M �=a ` � � ^ �;�'4 /  $a0���_4J�] � ��K�c _�I�H�/DN` K
JL_�I�H4H ` M�H
K�^LM�HlI ��I�H�M�]�I�a"c� =H ����� �V\�
T' � K ` M _7MhaLMha"I�]�I pq_lI K�_���K�c H�c ]�I  =H ` K ` M�H	� ` H ���_ ` H"N` M�H � � ^ � ^LHhG"_ � '

� I �-�_CM�]�_lI�H�c H o�]$^LH  =H �4H	�6]�IbK H5^=a _=an_  �I�H ` H 
�GqH"' � K"�5K M�H�c H3c ]�I ` a"^LM _lI��_CM _CM�H J��qK�_lI  =H p�_=c ]�IbK�c H
a"^C]�I�p�_lI K�_���K�c H ` K ` M�H	�n' �"_CJ�H � a"I �7�_CM�]�_lIeHC_ J�]�^CpLHl^LM N K H  "H ^L]=M _�I�H�.  �_CJ	�_�5 �;� �  "H ` H	�3^LHL_Co	�_ pq_lIbK�_��qK�c _
 "H ` K ` M�H	�OJ�a�_CJTH ` M3^"a��6H ��_  �K J	�_���H�I�H�J	�CHL_� =HRc ]�JL_CM N�K�K 8=?0
"?ls?�,8"?�
"?�
 

� _CMha"^LJCK p�_=c ]�_lI�HL_np�_�IbK�_��qK�c HCK
5 �;� � ��_  �K J	�_ @�[�[=~�� #���#*
 ��� 
�� � @�[�[=~�� #���#�� 
 ] pC]�� ^L]"M _ �"a=^��_=^  �� � ^LMhI�H!�q_lIb_=^LM�H�o�H7^"a��6H�c H
p�_�IbK�_��qK�c HLK��!_ ` M�� Hlc&. � 5 �;� � 
T'

\1�_=^� Rp�_=c ]�_lIeHC_Qa=^LHLK pq_lI K�_���K�c H ` K ` M�H	�>H ` M�Hn] _  �I�H ` �_�� _CMha"^CJLK ]�J�M�H�Mha=c J�a�_  $IeH ` _ �5_�K � K J	�_  �K�^
p�_�IbK�_��qK�c��_ � ^=a aqK M _CM N K$J	�_5]n_  �I�H ` �_ ` H �4H	�6]�I�HL_Co	�_!��H 83]�J�M�H�M N�K 
 pq_7J�]$^LM N�K�^LH0� � ^LM�]=M  "HL_=a=^q_3]�J�M�H�Mha=c � _�K
�"aCM N�K�^ ` H � ^�K 

JC_CM K p _=c _  �I�H ` HLK�' � Hn_CJ�H�HL_�� _  �I�H ` _ �4H	�4]�I _CM��_3c _Rc ]�JL_CM N�K�_ - H ` M�Hn@�[�["~ - ��� 
�� �
@�[�["~ � - ��� � N` K,^=a � 
�� � @�[�[=~ - � @�[�["~ � - ��� � '� a0���_ p�_�IbK�_��qK�c H�c H ` K ` M�H	���  "H c _ 8"?0�=?�E!���_=^��_ c _ � \ � �*
 ��
 �,& ` Hv_�@;�_ o�]$^q_  "H K�^
��]�I �5_CM NbK�KC_  �K ` J�a"c�a�K�'� _CJ	�_3a"^n_ ` H	�4H�^LHC_ ��H�IbK � H�IbK J ^=a H4J�]$^LH�J�M _CM
�!o�]$^q_3_CJ�HL_ ` M _ _lIeH c�a"^���K"�6HC_ ��'
� Hnc _ � \	� �*
 ��
 c _�� 5 �;� � 
 �
8 ` H ���_ ` H ` J6K�^
��]�I �5_CM NbK�K�c H! =H ` ��I�H5JL_=^�_=c H N` K$J	�_�K�c H4_ ` ]�JLK�_CM�H"' � H�M _=c K�K

� � ^3\ _��qK M�]$c�a"c,&���'
� ��^LMhI�H � 5 �;� � 
 N` K � ��� ����
 � & H ` M�H5o�]$^q_  "H �4H	�4]�I K H _ ��Ie] ��Ib_�� a=c�aqK���������\ '
� _ � ��� ����
�� � ^LJ�H �qH3o�]$^q_7pq_lI K�_���K�c H�c ]�I ��I�]��$I _��3a"c�a�K ��� ����\ '
5�H�^CMhI a%� ]�I � _  "H �6H	�4]�Ib_�I�H _ ��I�]��$I _��3a"c�a�K N` K�p�_lI K�_���K�c H�c ]�I J�]$^ ` a=c M _CM N�K,N` K�� ^LHhG"_ �
'
� _ �fF � ��
 F�
 ` H _�@;�_4o�]�^�_�� � ^5JC_�I�H ` H4M N�K�^CH5J�]��5_=^� �_ ` _=aUc K�^qK�_�� � ^5J�a"I `  =H4H  �K M _lIeH='
=!]�^CH�c HQJL_lIeH a"I �6HL_Co��_ ` a"^LM  "H � _�K �5K J�K�^LM�HlIeH ` ' ���_ �5_�K IeH � _lIeJ��_�� ��]"oLK M N�K�_ ` M K pCHLK � ���C���

K"�4H  �K�_CM ` a0� � � �*4'D��%5�
�'���� � � 
 _lI _CM��_�� � ^CJ�H	�"aCMha"c a"^CHLK,oT]�^LHnK�^LM�HlIeH ` _=^LM�H���� � ^ JC_�I�H ` H �4H	�6]�I�HL_Co	� _
� ]�I � _ ��Ib_ 

J��_3_5J�Hlc ]�I 8$&! "H5JL_lIb_CJ�M�H�I�H  =H 
,^qK"�qK�c H  =H5J	�_CMhIeH3aLM K�c K oC_CM�]�I ' � �V^ ` H�Mha=c� "H5JC_=I _CJ�M�HlIeH3H�c Hn_=a
J�]� �a=I K�� � ^CMhIeHn&TE"E�N` K,& 
�E
' ��^qK M N�K�_=c	��]�I �4H�c H5c ]�I ` a"^LM J�H�c H3_=c H a=^L]�I c K M�HlIeH��� �_�I �q]=M 
 ` J	��K"� ��_CM�H ` J�IbK�K�^� 
K�^
��]�I �5_CM NbK�K � � ^ _CJ�H"N` M K�]�J�M�HTM N�K�' \ a0� / pC]�� pLH  "HL_8� � ^6JL_���K M�]�c�a=c,a"I �7�_CM�]�I '
��H!��]�_CM�H JL_ �6H �6]�IbK�_ ` �_ ^=a 
�H � � ^ � � ^LMhI�H ��K"�4H1� a=^LJ�M N�K ]�^�_=c��_�' ��^ ` MhI aCJ�M N�K�a=^LHL_6B
[��5M�H ` M�HL_Co	�_ �6H �6]�IbK�_

� ` J�IbK�K�^� nJ�H�p�_nN` K�pLHlI K 
�J	�_=^�  �_CJ��_7IeHTo�a"c M _CMha=c�H ` M�H � � ^LM�]�J	�5_�K 
 N` K �"c _ ` HL_Co	�_ p�_=c ]�_lI�HL_3c�aqKC5 � �*4'D J	�qK�_lI
` a�����I K"�3a"c�]�J�M�H�M JC_�I�H ^=a��6H�I �"H7J�a0�OMhIeH �"aqK H=' � J�HL_ ` M _np�_�IbK�_��qK�c��_ K�^  �K J	�_  "H�JLK ` �#�_=I N` K Mha=c � �*4"�fa=c�aqK
� a=^LJ�M N K ]�^q_=c&��JC_�I�H ��]�_CM�H ` �_ 
�H  �K ��H�I K M  "H 
�s"s�?�s;� � � J�H ` M _3_lI�
 a=^ ` H � ^! "H  =H�� H�JTM N�K�a"^CH"' 
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15.4
�
� �

F;
 � � F�= ��*.
User SubRoutine � ` a0��I�aLM K�^��_n_ aLM K�c K oL_CM�]�I�a"c�a�K

����
 D�� � ��*. Y
;lA
adresa ` _=a4Y
;lA şir\��;D F � � � ��F;. � a"^LJTM N�K H

� F �!\ � ��F � F;.
Y
;�A9� a=^LJ�M N�K ]�^CHL_Co	�_ JT]�� �"c H�M  �K � H�IbK M�� � ^ � a"^CJ�M N�K H  "HdM K"�=a"c _�I ��a��6H�^CMha"c�a�K ` �_=a�' ���_ pCH  =H	�  "H�JCK

` H �q_lI _CM
.

15.4.1
�
�
� adresa

adresa
MhIeH	�=aqK H ` �_ 
�HvJla0��IbK�^ ` �_ � � ^CMhIeH �5N` K0
ls"s�?�s
'$Y
;lA adresa

��]�I�^LH"N` M�H;� � ^ H GqH�JlaLM N K H ��I�]��$I _��3a"c�JT]  ��
�5_�N` K�^��_! "HUc _n_  �I�H ` _ ` ��H�JCK 

JC_CM��_�' � �V^3JL_Co5J	�_ ��Ie] ��Ib_�� a=c ` H�� � ^CM�]�_lIeJTH  �a����_3M�HlI �5K�^q_=I�HL_nH GqH�JlaLM N K HLK c _
K�^LM�HlI ��I�H�M�]�I�a"c ����� �V\1��_CJ�HL_ ` M��_8� a=^LJ�M N�K H3IeH�Mha=I ^CHL_Co	� _5J�]$^LM N K�^"aLMha=c
I�H ��K ` MhI�a"c�aqK � \Z_=c��5K J�I�]���I�]�J�H ` ]�I�a"c�a�K�'
\ _ ` �_ �"aCM�H�M N�K�� ]$c ] ` K$_CJ�HL_ ` M��_8� a=^LJ�M N K H���MhI�H	�"a�K H ` �_!� � ^Cp��_CM Nb_CM N K!_ ` _�� �"c _lI�H � ` _=a5J�]� 	� � _�N` K�^��_ 
�'
��_CM��_4^�KeN` M�H HhG�H	� �"c H JL_�I�H6K�^CpL]�J	�_!��I�]��$I _��4H J�]� 	� � _�N` K�^��_  �K�^ J�]�� ��]�^LHl^LM N�_4K�^CM�H�I ��I�H�M�]�I�a"c�a�K ��� ����\

�  �K�^ �;�'4 
�'
9�[�< - & Y
;�A # �����%� _CJ�H ` J�Ie]$c�c���pq_=c ]�_�I�HL_ c�aqK - ^=a ^LH5K�^CM�H�IeH ` HL_Co	�_ 
�'
@=A :CB�< ��
�
�#�� 
 Y
;�A ��� � �3M K"���_=I�H"N` M�H4J	�_CM��_ �4H	�6]�IbK H!�5_�K�H ` M�H  �K ` ��]$^qK"�qK�c��_ ��H�^CMhI a ��� ����\ '

15.4.2
� �
� ş ir

şir
MhI�H	�=aqK H ` �_ 
�H4]Rc K M�H�I��_ �5_�2ha ` J�a=c��_ ` _=a �5K�^"a ` J�a=c��_ ` K Mhaq_CM��_!� � ^LMhI�H � - �nN` K �C)��$� ` _=ana=^"a=c� �K�^5JL_lI _CJ �

M�H�I�H�c H  =H 
,^qK"��K�c H"' ��a"^CJ�M N�K�_ Y
;lA*� � ^CM�]�_lIeJ�H _  $IeH ` _ ��I K"�3a"c�a�K=]�JTM�H�M JL_lIeH �6H �6]�I�HL_Co	� _1� ]�I �5_ JL_lI _CJTM�H�I a=c�aqK
 "H 
 ^�K"�qK�cV' � _CJ	�_5_�I ��a��6Hl^LMha"c!^"a3H ` M�H�� � ^LMhI�H c K"�5K M�H�c H5K�^� �K JL_CM�H�� ` a=Iep�K�^LH7H�Ie]�_�I�HL_ � '

5�H�^CMhI a3HhG�H	� �=c H  "H8� ]$c ] ` K�IeH4pCH  "H�M N�K�� a"^LJTM N�K�_7z
:CB ��� � ^5JL_���K M�]�c�a"c!a"I �-�_CM�]�I�'
� ��^ �6]� U^L]�I � _=c"@=A,:CB�< Y
;�A�� - � ` J�I K H 
�s�?�
0��� � � � � � 
 


15.5 Exerciţ iu rezolvat
� 
 N` _CM N K a"^5JC_�Ib_CJ�M�H�I ��H4H�J�Ib_=^-�#�_=I��_ _�� ]$c ] ` K�@=A :CB�<,'

Rezolvare
� ^UJL_�Ib_CJ�M�H�I H ` M�H �6H	�4]�Ib_CM�� ]�c ] ` K�^� �R]�J�M�H�M N�K�� JL_lIeH  "H ` J�IbK�aQHhGl_CJTM�� ]�I � _ ��H JC_�I�H ] _lI�H H�c c _

M K"���_=I K�I�H"' � J�H"N` M K ]�JTM�H�M N�K ` H _�@;�_�� � ^ �6]� ^L]�I � _=c	� � ^ �;�'4 � c _R_  �I�H ` _QK�^  �K JL_CM��_  "H p�_=IbK�_��qK�c _ ` K ` M�H	�
\ � � � � ��8"?0
��0
�
�'	� 
 K"�4H�^qK ^=a ^LH�� � � �qK H  �K J	�_ ` �_ � aCM��_�� \ � � ��� _ ` M�� H�c�� � ^CJ	�_CM ` �_ �"a=^LJ�M�H�oTH)�qH
a"^  "H�p�_)��IbK�^ � �*4 N` K ` �_� "H 
 ^�K"� ��I�]���IbK�a"c ^L] ` MhI�a ` H�M  =HQJL_lI _CJTM�H�IeH=' \ K M K M N K N` K � ^CHhGl_ ��� �q_lIeM�HC_
I�H�� H�IbK M�]�_lIeH c _B� � 2 ]�^ ��c H�IbK�K J�aQp�_�IbK�_��qK�c H ` K ` M�H	��)
' 
 � _CJ��_RMhIb_=^ ` � H�I��_�� _CJ�H"N` M K � ]�J�M�H�M N K  �K�^ �;�'4  �K �
I�H�J�M8� � ^��4H	�4]�I K�_ H�J�Ib_=^$�!�=aLM�H	� ]��CM N�K�^LHQK"�5_ ��K�^LHC_ JC_�Ib_CJ�M�H�I�a"c�a�K�'	� � N` _ � _CJ�H  "HL_=c M�� Hlc K�^CM�H�I ��I�H�M�]�I�a"c
����� �V\  �K�^��;�'4 � ��H�^CMhI aQ_nM K"���_=IbK a"^nJL_lI _CJTM�H�I ' 
 5�H�^CMhI a _=c M�H ��IeH�JCK o	�_=IbK,JLK M K M N�K N` K �q_lIeM�HL_ J�]�^ ` _CJ�Ib_��
M��_ ��Ie] ��Ib_��7� _=I K�K JL_lI _CJ�M�HlIeH�c ]�I  "H 
,^qK"��K�c H� �K�^RJL_���K M�]�c�a"c a"I �7�_CM�]�I �,J��_CJLK _CJTH ` M�HL_ ` H��4H	�4]�IeHC_Co	�_3JL_dN` K
JL_lI _CJTM�H�IeHlc H ^C]�I �5_=c H M K"���_=IbK"�qK�c H � J�Hlc H J�a5JT]  $a"IbK�� � ^CMhIeH5?"8RN` K,&L8�� 
T'

��� 9�[�<%' &�� �nA�[�� ( ����� � �=.
-=/�- ��� 2 * �=.�/
- � -
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15.6 Exerciţ ii
&=' ��J�IbK H�M N�K
a"^ ` J�a=IeM ��I�]���Ib_�� JL_lIeH K�^  �K J	�_ �q]=oLK M N�K�_��$c�a"^���K"�6HC_5N` K ` ��_CM N�K�a"c�p�_�IbK�_��qK�c Hlc ]�I,a"^"a�K ��I�]���Ib_��n'
8$' ��]�c ] ` K�^� pq_lIbK�_��qK�c _  =H ` K ` M�H	� \ � � ���;��� K"�5_CM N�K=a=^ J�]�^CM�]�I� "H JL_ ` H�M�]	��]�^ J�a MhI�HLK�JCK � IeH=' � ��]$c ] ` K M NbK
K�^� �K JC_CM N�K�K�c H! "Hnc _  "H ` J�I K HlIeHL_R_CJ�H ` M�HLK!p�_�IbK�_��qK�c H�� � ^ � ^CHhG"_ ��� c _ ` H�JTM N�K�a"^CHL_ � � 2�]$^��$c H�I K�K )!' 
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Chapter 16

Prin măruntaiele HC-ului

� ^6JL_���K M�]�c�J�H�p�_ �5_�K ` J�a=IeM�' � ��^Lp��_CM N>�_�� ` �_  "H 
,^qK"� ^L]�K
JL_�Ib_CJ�M�H�I�H�� ` �_ J�]�^CpLH�I�M K"�O^"a��6H�I�H�c H�� � ^nN` K�I�a"IbK N` K
` �_5K�^LM�HlI _CJ�M N�K ]�^��_�� Jla ��H�IbK � H�IbK J�H�c H"'

�
z
:CB���H�^CMhI a _3K�^LMhI�]  $aLJ�H3J�]$^ ` M _=^CM�H �qK�^�_�I�H�<

�
��Ie] ��Ib_�� _lIeHC_4JL_lI _CJ�M�HlIeH�c ]�I  =H 
,^qK"��K�c H�<

�
;"<=A����"JC_�I�H5MhIb_=^ ` ��]�I �-�_7^"a��6HlIeH�� � ^nN` K�I�a"IbK  "H7JLK � I�H�<

�
:LB���H�^CMhI a _7JLK M K��q]�I�Mha"IbK�<

�
j�Y�<���H�^CMhI a _ ` J�IbK H3c _ ��]�I�Mha"IbK�<

�
�q]�I�Mha"IbK�c H�� ]$c ] ` K M�H  "H � \ '

16.1 � ���
F;
 � � F�= ��*.

BINary � � � ^ ��_CoL_  "]�K�<�Jla  "]$a��_5p�_=c ]�I K
����
 D�� � ��*. z!:CB 2 � 4 2 � 4\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
z!:LBQH ` M�H ]�� a"^CJ�M N�K H%� ]�_�I�M�H ` ��H�JCK�_=c��_��  �K�^  "]$a��_ �6]=M K pLH"' � �V^CM��_�K��$HL_���]�_CM�H ` �_n^=a _�K"���_3_lI �$a0�4H�^LM
<

_CMha"^CJLK,_lI �$a0�4H�^LMha=c�HLK!H ` M�H7J�]�^ ` K  "HlI _CM!� � M�]�_CM�H4J�Hlc H�c _=c M�H'� a"^LJTM N�K�K!_=a a"^U^"a��7�_=I�
�G  "H _lI ��a0�4H�^CM�H 
�'
� ��]�K���_lI ��a0�4H�^CMha"c�c�a�K�z!:CB MhIeH �"aqK H ` �_ 
�H4] JT]�^ ` M _=^LM��_ �qK�^�_�I��_�<�z!:CB�^=a ��]�_CM�H5_CpLHC_  $IeH	�CM _�I ��a��6Hl^LM
]nHhG���IeH ` K H$�


 a��7�_=I a=c  "H� $a0���_Rz!:CB MhI�H	�"a�K H ` �_�

HR] � � ^�N` K�I�aqK�I�H  "H�� ���_=^��_ c _d& 
QJCK � IeH �qK�^�_�I�H��!�#�_=I��_ �"a=^LJ�M
o�H�JCK"� _=cV' z!:CBQIeHTMha"I�^LHL_Co	�_3pq_=c ]�_�I�HL_3_CJ�H�c�a�K ^"a0�-�_=I�'
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z!:LB H ` M�H _  =H ` HL_%��]�c ] ` K M��_ ��H�^LMhI�a _ � � ��I�]���Ib_��5_ ) ^C]�K$JL_�Ib_CJ�M�H�I�H � J�H�c H  "H 
,^qK"��K�c H 
�'
��K HTJL_�I�H

caracter definibil
� ��I�H ` Jla"I�M _CM � � � � User Defined Graphics


�� � N` KC_�I�H K"� _ ��K�^LHL_ �6H �*�
]�Ib_CM��_ a"^� =H�p�_ � � ^ � �*4 �#� � ^ �4]� 5^L]�I �5_=c K"�4H  �K�_CM  =HL_ ` a���I _ ���84'D��%5��ha"c�a�K�' �"� _ ��K�^LHL_ ` H �4H	�6]�I�HL_Co	� _
��H �4]�J�M�H�M N�K�_�N` H�oL_CM N�K�� � ^5c ]�JL_CM N�K�K ` aCJ�J�H ` K pLH���J�]$^LM N�K�^��_=^  J	�_CM�H4a"^3I+�_=^�  "H �qK G�H�c K
_�K=JL_lIb_CJ�M�H�I�a"c�aqK�' ��K H�JL_lIeH
I��_=^� nH ` M�H �4H	�4]�I _CM�� � ^4]�J�M�H�Mha=c�J�]�IeH ` �"a=^Lo	�_CM�]�I �,_ ` M�� H�c&. a"^ �"a=^LJ�M4_���I K�^ ` �qH7H�J�Ib_=^ JT]�IeH ` �"a=^� "HRa=^"a�K
�qK M5&�� � ^5]�J�M�H�M
� K�_lI�
�H�JL_lIeH �"a=^LJ�M ` M K�^ ` � a"^=aqK ��K M ��' ��_CM��_4JT]�IeH ` ��]�^� =H�^LM Nh_  �K�^LMhI�HUI+�_=^� �a=I K N` K c ]�JL_CM N�K�K�c H
 "H �6H	�4]�IbK H!�qHl^LMhI�a�a=^ ` H	� ^4J�H�� � ^
�#�_CM N�K�N` HC_Co	�_3c K M�HlI _ ��I�H�J�HL_ ` J	�_ �1.

� z
:CB����������*����� & z!:CB��)& z!:CB�&��
� z
:CB����������*�����
� z
:CB����������*����� & z!:CB ���)&
�
� z
:CB����������*����� & z!:CB ����������� & � �
� z
:CB���������������� & z!:CB ������������� &�" &
� z
:CB���������������� & z!:CB �������*� &����
� z
:CB����������������
� z
:CB����������*�����

5 Ie] ��Ib_�� a=c"JL_lIeH5MhIb_=^ ` � ]�I �7�_ JL_lI _CJTM�H�I a=c � � � 5-� � ^ � H ` M�H�.


 ��jlA 2 &
� <�j��
��� A
[�|={ -
��� @
jl~�[ Y
;lA � � ��� 2 � -# � B�[���< 2
& � {�|�<�|�� � � � z!:LB���� � z!:CB ����������� � z!:LB ������������� � z!:CB �������*� � z!:CB �������*� � �

16.2 ��� � �

F;
 � � F�= ��*.
STRing � N` K�I

����
 D�� � ��*. ;=<=A��
expr\��;D F � � � ��F;. � a"^LJTM N�K H

� F �!\ � ��F � F;.
;=<"A�� H ` M�H�� a"^LJTM N�K�_7J�]�� �"c H	�4H�^CM _�I��_7c�aqK ��|�9;<�_�I ��a��6Hl^LMha"c�HLK!H ` M�Hna"^U^"a��7�_=I ��K�_lI I�H�o�a"c M _CMha=c�H ` M�H

N` K�I�a"c� "H7JL_�Ib_CJ�M�H�I�H �qH7JL_�I�H3c � _lI ` J�I K H7@"A,:CB�< ��H5HTJ�I _=^  �_CJ	�_5_lI M K"���_=IbK�_CJ�H ` M4^"a0�-�_=I�' F=GqH	� �"c H�.
;=<"A�� �C1 # H ` M�H �����*��� �
;=<"A�� ����� � �*��� H ` M�H �����*� �
\,]�� �qK�^�� _=^� n;=<"A��7J�a ��|�9��"aCM�H	� ]��CM N�K�^LH4H���H�J�M�H K�^CM�H�IeH ` _=^LM�H=' � H ��K�c  ��_�� �=aLM�H	� � ]�IeM Nb_4H�p�_=c�aq_=I�HL_

� a=^LJ�M N K HLK�z!:CB J�aUa"^ _lI ��a0�4H�^CM ^CH�J�]�^ ` M _=^CM�' ��_CM��_�.

9�[�< - &��������*�����R@"A,:CB�<���|�9 � �Lz!:CB ���
;=<=A�� - �
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16.3 Exerciţ iu rezolvat
��J�IbK H�M N K,a=^ ��I�]���Ib_�� JC_�I�H5M�H ` M�HL_Co	�_7J�a=^L]
N` M K�^LM N H�c H  "H4M _��=c _�� � ^0�3a"c M N K�I K�K�'

Rezolvare
��]�c�aCM N�K�_ ��_=^q_=c��_5JL_lI�H a=I �4HL_Co	�_4J�a���I K�^  "Hn]3J�a"I ` �_�.

��� 9�[�< - & :CB
< � A�B�{ � ��� � � � �R9�[�< � & :CB�< � A�B�{ � ��� � ������ @=A :CB�< ��k -=/ � - ("1
��� - ��� ����� � ��� ' ��� <�|�z��*�����U@
jl~�[�� #�� �*� � 
��# � :CB
@=Y�< (�� @=A,:LB�< (���� 
 ���
����� :	� ( & - � � <��
[=B @=A,:CB�< ��k ��� 1$( / � � x�j=<�j ���
����� @=A :CB�< �Cx � 1 � 2 / � � - 2 2 . ("1 � ( -=/ 2 � � �nx�j=<
j �*�
��_CM��_  "HnJTHRa"^Q_ ` M�� H�c  "H���I�]��$I _�� ^=a H ` M�HnJT]�IeH�JTM
.nc _�� � ^LMhI�H	�q_lI�HL_Rk -=/ � - ("1!� � # ' �q]=M ` �_

I��_ ` �=a"^  nc _4:CB�@=Y
<4J�a �	� # / ]6H G ��I�H ` K H���JL_�I�H p�_  �_7I��_ ` �"a"^ ` a=cqJT]�IeH�JTM�'�5�H�^CMhI a6_ H�p�K M _!��] ` K"�qK�c K M _CM�HC_
K�^LMhI�]� �aCJ�H�IbK�K�a=^LHLKCH G ��I�H ` K�K��lpL] �:��]�c ] ` K�:CB�@=Y�< J�a a=^6N` K�I ��H JL_lIeH�� � cfpC]�� HTpq_=c�a�_�'�47]  �K 
�J	�_��)��I�]���Ib_��3a"c
_ ` M���H�c&.

# � :CB
@=Y�< ( ���R9�[�< ( & ��|�9 ( � � @=A :CB�< ( ����� 
 ���
& � :	� ( �"�� ;=<=A�� ( <���[=B @=A,:LB�< �TB�) /�� 2 �l- % � � x�j=<�j!���


 K JCK �7�_CJL_lI _CJ�a�� ��I�]��$I _��3a"c ^"aRH ` M�H���H�I � H�J�M
� ��H�^LMhI�aQJ	�_Za"^ �"a=^�J�a=^L] ` J	�_CM�]�I _=c ��������\��ha"c�a�K
p�_ �=aLM�HL_ N` M�H�I �"H ���qK�c K"�4H�c H�c H5_ 
 N` _CM�H! =H :CB�@=Y�<ZN` K$pq_ �=aLM�HL_3M _ ` M _�� � ^ ` J	�qK"� �5;"<=A�� � �
� # � ' 5�Hl^LMhI�a _
H�p�K M _ N` K
_CJTHL_ ` M _ ��H�I 
� �K H�� :CB�@"Y�<nMhI�H	�"a�K H ` �_ 
�H ` J��qK"� �q_CM J�a :CB�@=Y
< 9!:CB�[ '

� N` _7J�a�� HhG"K ` M��_ 
�s"s�?0
 c ]�JL_CM N�K�K� =H �4H	�6]�IbK H��$^"a��6H�I�]"M _CM�H  "Hnc _ �Uc _ 
ls"s�?�s?�=HhG"K ` M��_ N` K 
�s�?�s 
  "H
porturi

� � ^CMhIeH3_CJ�H�c HL_�N` K c K"�5K M�H"'*5$]�IeMha=I K�c H ` HlIepCH ` J � \ ��H�^LMhI�a�_ ` J	��K"� ��_nK�^
� ]�I �5_CM NbK�K$J�a  �K ` ��]"oCK M K pLH�c H
��H�IbK � H�IbK J�H�� M�]"M5_�N` _UJ�a�� c ]�JL_CM N�K�K�c H ` H�� ]$c ] ` H ` J���H�^LMhI�a _UJLK M K  �_CM�H  �K�^ �4H	�6]�IbK H"' \,]��3a"^qK JC_CM NbK�_UJ�a
HhG�M�H�IbK ]�I a=c
H ` M�HnIeHC_=c K oL_CM��_ ��I K�^ K�^CM�H�I �4H  �K�a"c ��]�IeMha=I K�c ]�I�' � _CJ	�_na=^��q]�I�M H ` M�H5J�]�^CH�J�M _CM7c _Ua"^ ��H�IbK � H�IbK J
JL_lIeH _�N` M�HC_��LM��_ ` �_ JLK M�HL_ ` J	�_ K�^�� ]�I � _CM N K�K  =H c _ JC_=c J�a"c _CM�]�I��"_CMha"^CJLKCH ` M�H a=^ ��]�I�M de ieşire

' � _CJ	�_ ��IbK�^ _CJTH�c
��]�IeM JL_=c J�a=c _CM�]�I a=c ��IbK"�4HlN` M�HnK�^
� ]�I �5_CM NbK�K� "HUc _���H�IbK � H�IbK J�� ��]�IeMha=c ` HU^"a��6H"N` M�H de intrare

' ��^�� ]�I �5_CM N�K�_
JL_lIeH ` H4J�]��3a"^�K J	�_ a"^"a�K)'	 =H c _ a"^ ��]�I�M H ` M�H3a"^U^"a��7�_=I�� � ^CMhIeH ��� � ^LMhI�H � N` K
8ls"s��� "H�JLK a=^ ]�J�M�H�M�'

16.4 � �
F;
 � � F�= ��*.

in � � � ^��_=a=^LMhI�a
����
 D�� � ��*. :CB

port\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

port
H ` M�H _  $IeH ` _7a"^"a�K �q]�I�M
�"_  �K J	�_ a=^6^=a0�-�_=I�J�a0��IbK�^ ` � � ^CMhIeH!�5N` K	
ls"s�?�s
' � c M�� H�c ` a"I�pqK�^CH H�Ie]�_�I�HL_ � '

:CB JLK M�H"N` M�H N` K IeHTMha"I�^LHL_Co	�_3pq_=c ]�_�I�HL_  "Hnc _ �q]�I�Mha"c ` ��H�JLK 
�JL_CM�'
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16.5 �
�
�

F;
 � � F�= ��*.
out � � � ^ _�� _lI��_

����
 D�� � ��*. jlY�<
port � byte\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.

port
H ` M�H4_  �I�H ` _ a"^"a�K ��]�IeM�' byte

H ` M�H5a"^3^"a��7�_=I�� � ^LMhI�H �nN` K�8�s"s!' � c M�� H�c�]��CM N�K�^LH	� H�Ie]�_�I�H � '�jlY�<
MhIbK"� K M�H pq_=c ]�_�I�HL_

byte
c _ ��]�I�Mha"c ` ��H�JCK 

JC_CM�'


 a5M�]�_CM�H J�H�c H 
�s=s�?�
 ��]�I�Mha"IbK ` a=^LM JT]�^LHTJ�M _CM�Hnc _7a"^ ��H�I K ��H�I K J='�� ] �  �_5_�K JLK!c K ` M _ JTH�c ]�I,JL_�I�H ` a"^CM
aLM K�c H=' ���_UI�H	�5_�I�J	�_�� J	�_ ` J�IbK H�I�HL_ c _Ua"^���]�I�M5^CH�� ]�c ] ` K M ��J�a j�Y�<�
4^=a�_lIeH5H � H�J�M
� K�_�I JLK M K�I�HL_  =HRc _Ua"^
��]�IeM ^LH � ]�c ] ` K M  ��_ a"^ I�H�o�a=c M _CM4^LH	��I�H�JLK oC_CM � ��I�]���_��qK�c���
�'

D _ ` M _CMha=I _ H ` M�H JLK M K M��_ ��IbK�^ K�^CM�H�I �6H  �K�a"c��q]�I�Mha"IbK�c ]�I�' F=GlK ` M��_ ] ` a��7�_  "H ��I�]���Ib_��4H JL_lIeH ` H ]�J�a0���_ J�a
 "HTJ�]� �K 
�JL_lIeHL_ M _ ` M�HLK$_����_ ` _CM�H N` K�MhIb_=^ ` � ]�I � _lIeHC_ HCK � � ^CMhI&�ha"^4JL_lI _CJ�M�HlI �$M N K�^��_=^  nJ�]�^CM  "H4M K"�=a"c"J�a=I ` ]�I a=c�aqK
N` K$M�]�_CM�� _ �"aLJ��_CM��_=IbK�_�' :LB ��H�I �5K M�H! "]�_�I pCH�IbK 
�JL_�I�HL_A� _��LMha=c�aqK$J	�_7] M _ ` M��_4H ` M�H _����_ ` _CM��_ ` _=an^"a�'

� ��^LMhI�HL_ ��_ M _ ` M _CMha"I��_3H ` M�H ��I�a0�q_CM��_8� � ^ � ` H � K �hI+�_=^� $a"IbK ^"a0�4H�I�]"M _CM�H  "HRc _ �Zc _ ���!JL_8� � ^ 
 ��a=I+�_ � ^
H ` M�Hn^"a��7� _=I a=c ` H	�5K �hI+�_=^� �a=c�aqK 
�.

& 8 ? E s � ^ � ?�
 
 � � � � � ^ � E�


! � F � D � ^ � 8�
 � � � � 5 � ^ � s�


� � � � � � ^ � & 
 � � E � \ � � ^ � 
 


\ � = � \ � � ^ � ��
 � 
 4 � � � ^ � ��


��K HTJL_�I�H ` H	�5K�I+� _=^� �_lI�H _ ` ]�JLK�_CM3a"^���]�I�M4JL_�I�H  "H �qK ` M�HC_Co	�_UJL_lIeH  �K�^ M _ ` M�H ` a"^CM _����_ ` _CM�H"'U\ Hlc H �
��]�IeMha=I K ` a"^CM
.

Port n Taste
�s�8��0� � \ ��� �

�s �=8"8 & �1� �

�E"s!&�� 8 ! � D

�&�E��0
 ? & � s

�&�E�?0� E � � 

s �"?lE�8 s 5,���
E ��&Ts � 
 \ �,� �
?"80��
0
 � �=c _=^LJ�� �

�!H ��a=c _  =H5JL_=c J�a=c
_ _  $IeH ` HLK!H ` M�H �
� ��/ � . � &
� 
 & ��� 
�� � � � 
*
 
��!+ . � '
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��^
� ]�I � _CM NbK�_ JLK M K M��_� =H c _ ��]�IeMnH ` M�Hda=^ ^"a��7�_=I JL_�I�H��  �_CJ	�_��fc J�]�^ ` K  "HlI+� _�� ` J�IbK ` � � ^ �q_CoL_ 8�� _lIeH
� � ^da=c M K"� K�K JLK�^CJLK!��K M N�K ] � � ]���c K�^  ��_ ) _ M _ ` M�H�c ]�I! �K�^ ` H	�5K �fI��_=^  �a=c IeH ` ��H�J�M K p�' �4I  �K�^LHC_ M _ ` M�H�c ]�I4H ` M�H
a"I �-�_CM�]�_lI�HL_�. M _ ` M _7J�HL_ � _�K� �K�^nHhGqM�HlI K ]�I J�]�I�H ` �=a"^� =H��qK Mha=c�aqK � ��J�H�c � _�K �=aLM N K�^ ` H � ^�K 

JC_CM K p 
 M _ ` M _
J�HL_ �5_�K  �K�^�K�^CM�H�IbK ]�I �qK Mha=c�aqK E!' � _=c ]�_�I�HL_ ��K M N�K�c ]�I s	� �R^=a H ` M�H�K�^
@,aCH�^LM N _CM��_  =HnM _ ` M _CMha=I+�_��  �_lI ^"a H
�qK�^CH ` �_ � K oC_CM NbK ��H HL_ JL_ 
$K�^  nJ�]�^ ` M _=^CM��_�' � K Mha"c�s5H ` M�H6K�^�@ aCH�^LM N _CM  =H JL_ ` H�M�]	��]�^ ��H ` M�H8� ]$c ] ` K M ��H�^LMhI�a
J�] � a=^qK JL_CM N�K�_7J�a JC_ ` H�M�]�� ]�^=a"c 
 �

� ��^ I�HL_=c K M _CM�H �=aLM�H	� JLK M K �5_�K �3a"c M�H ` H	� K �hI��_=^� $a"IbK ]� �_CM��_��  �_lI ^=a)�"aLM�H � ` �"a"^CH)��HQJL_lIeH  �K�^
H�c H H _����_ ` _CM��_ ] M _ ` M��_�' �  �I�H ` _ a=^"a�K ��]�I�M ��H�^CMhI a _CJTHL_ ` M��_ ] ��H�I _CM N�K�a"^CH ` H ]��CM N�K�^LH  $a0���_ J�a0�
a"I �4HL_Co	�_�.U]�J�M�H�Mha=c �5_�K �"aCM N�K�^ ` H � ^�K 

JC_CM K pQH 8�s=E
' � ��^Q]�J�M�H�Mha=c � _�K ` H	�3^qK 
�JL_CM K p��vM�]=M N�K ��K M N�K�K ` a"^CM
&�� J�a H GqJ�H �LM N K�_RJ�H�c ]�I4JL_lIeHRJ�]�I�H ` �"a"^  a"^L]�I ` H � K �hI+�_=^� $a"IbK ��HQJL_lIeHdc H� =]�I K"� JLK M K M�H"'�� HRHhG�H	� �"c�a
:CB z!:CB �������*���������*���������*� �5JCK M�HlN` M�H ` H	�5K �hI+�_=^� �a=I K�c HU& N` K 
 � �qK M N�K�K &nN` K 
  �K�^3J�H�c � _�K ` H	�3^qK 
�JL_CM K p
]�J�M�H�M ` a"^LM � 
T'1D,H ` M _CM N K a"I �-�_CM�]�I�a"c���I�]��$I _���.
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��� B
[���< 2
"�� @"A,:CB�< |�< � � ������� /�-	��/ 1 -���-	�l-=/ 1�� ��� - ���� x�j=<
j �*�

� ���_ ` _CM N K
_���]�K� �K � H�IbK M�H5M _ ` M�H��$J�]�I�H ` �=a"^Lo��_=^� ` _=an^=a ` H � K �hI+�_=^� $a"IbK�c ]�I _=c H ` H"'
�!H	� _lI�JL_CM N�K�J��_3:CB ^CH ��H�I � K M�H ` �_4JCK M K"� �5_�K �3a"c M�H4M _ ` M�H3_����_ ` _CM�H ` K"� a=c M _=^ ` _=a ` �_4pCH  =H	�  �_CJ��_

� � H5_����_ ` _CM ` K�^ ��a"I���JTH�HL_3J�H3:CB�~
[ ���U^"a ��]�_CM�H$�
� K�^ ���_CJL_CM�H��  �_CM�]�I K M��_RJ�]$^ ` MhI�aLJTM N�K HLK JL_=c J�a=c _CM�]�I a=c�aqK�� ` H-� � ^CM��_�� �"c��_Ua"^ � H�^C]��4H�^d^LH �"c��_CJlaLM
.� �_CJ��_

` a=^LM _����_ ` _CM�H4MhI�HLK!M _ ` M�H3_ ` M�� H�c&.  "]$a��_0� � ^ _CJTH�c _�N` K ` H	� K �hI��_=^� �� N` K a"^�_8� � ^ _=c M ` H	�5K �fI��_=^  nJ�]�I�H ` �"a"^Co	�_=^  
a"^CHLK�_  �K�^nJ�H�c Hlc _=c M�H  "]�a��_��,_CMha"^CJLK JL_=c J�a=c _CM�]�I�a"c _�I�HnK"� ��I�H ` K�_3J��_RN` K _ �q_CMhIb_nM _ ` M��_��!J�]�I�H ` �"a"^Co	�_CM�]�_=IeH
J�H�c HCK  "H � _  =]�aq_  �K�^���I K"�3a"c ` H	�5K �hI+�_=^� nH ` M�H _����_ ` _CM��_�� � J�H ` M _3H ` M�HUa"^  "H�� HTJ�M  =H J�]$^ ` MhI aCJ�M N�K H N` K ^"a
��]�_CM�H 
 ^qK JLK Jla0� H�p�K M _CM!� ]�c ] ` K�^� ���I�]��$I _��4H"'
� H5_CJ�H�HL_��!_����_ ` �_=^  ` K"�3a"c M _=^ \ � � � N` K � ��JL_=c Jla"c _CM�]�I�a"c�J�IeH  "H5J	� _ ` � _5_����_ ` _CM N` K ` �q_CM N�K�a � �

J�]�I�H ` �=a"^  "H3c�aqK � � ` �q_CM N�K�a4c�aqK \ � 
�' � H _CJ�H�HC_���_CJ�HL_ ` M��_ J�] � ��K�^q_CM N�K H  =H MhIeHLK=M _ ` M�H H ` M�H H�J��qK p�_=c H�^LM��_
J�a � � F �8E � \ � � 
nN` K ��]�_CM�H ]���IbK a"^ ��Ie] ��Ib_��  �K�^RHhG�H�J�aLM N K H"' � ��^CJ�H�I�JL_CM N K � � J�H ` M _UH ` M�H a"^
K"� �qH  �K"�4H�^LM ` HlI K ] ` ��H�^CMhI a�2 ]�J�a"IbK�c H JL_lIeH ` H  "H ` �#�_�N` ]�_lI+�_1� � ^CMhIeH  "]�K ��_�I�M K JLK"�q_=^CM N�K���N` K�_=a6^CH�pC]�K H  =H!� a=c M�H
M _ ` M�H�� ��H�^LMhI�anJ	�_ J�HLK  "]�K ` H3K�^
@,aLH�^CM N HL_Co	�_ IeH�JCK"��Ie]�J ��I K�^5M _ ` M _CMha"I��_�'

� c M�H ��]�IeMha=I K,K"� ��]�IeM _=^CM�H�.

�
5�]�I�Mha"c
8�s=E?����]�c ] ` K M JL_���]�I�M! "H K H"N` K�IeH ��H ` M�H  �K ` M K�^LJTM  =H���]�IeMha=c  =H K�^LMhIb_�I�H 8�s=E � 
�. ��K M N�K�K ��� &��
8RJ�]�^CMhIe]$c HL_Co	�_ Jla"c ]�_lI�HL_ � � � � F �,�ha"c�a�K � JC_�I�H HUJ�]�^ ` K  "HlI _CM ��H�I K ��H�I K J�� 

� �qK Mha"c ?QK H"N` K�I�HL_ ` ��IeH
JL_ ` H�M�]�� ]�^ � H ` M�H�� ]$c ] ` K Mvc _ ` _=c p�_�I�HL_ ��I�]��$I _��4H�c ]�I ��H ��_=^� ,�_ 

� ��K Mha"c�E H ` M�H! "H  �K JL_CM  �K � aLo�]�I�a"c�a�K
� H ` M�H'� ]$c ] ` K M  "H3J�]��5_=^� �_3z�[�[�@�
�' � K�^����_CJL_CM�H��$pqK M�HToL_ ��� ����\��fa=c�aqK,H ` M�H ��I�HL_��5K J	�_ ��H�^LMhI�a�_
�"aLM�HC_ ��Ie]� $aLJ�H ` H	�3^q_=c HRaLM K�c H c _ �qK M N�K�K ? N` K E
'B5 aLM�H�M N K,� � ^LJ�H�I�JL_QjlY�<
� 
 & � � ��H�^LMhI�a _UpLH  "HL_H�� H�J�Mha=c
_ ` a���I _ � � � � F ���ha"c�a�K �  �_�I ^"a N` K!_ ` a���I _3JTH�c ]�I  "]$a��_nc K�^�K�K� �K�^�2�] ` a"c�H�J�Ib_=^"a=c�aqK 
�'
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�
5�]�I�Mha"c�8�s
& H ` M�H�� ]�c ] ` K M;� � ^nc�aLJ�I�a"c�Jla K"� ��IbK"� _=^CM _���_CM��_CM ��H�^LMhI�a�_7MhI K"�5K M�H  �_CM�H��!J	�_CM N` K ��H�^LMhI�a
_nc H ��IbK"� K ��K"� ��IbK"�5_=^LM _ ` H	�3^q_=c K oTHL_Co	�_ J	�_=^  _5M�H�I �5K�^q_CM  "Hnc�aCJ�I _CM 
T'

�
5�]�I�Mha"IbK�c H 8�s=E?� 8lE � N` K 8"?��)�5_�K ` a"^LM � ]$c ] ` K M�H N` K!��H�^CMhI a J�]��3a"^�K JL_lIeHL_ J�a _=c M�H ��H�IbK � H�IbK J�H�.
microdrive

��K�^CM�H�I&��_CM N�_ ` H�IbK�_=c��_ ����8=?"8$'

5�H�^CMhI a _=c M�H5K�^�� ]�I �5_CM N K�K��!I a ���_�� ` �_4p�_5_  $IeH ` _CM N�K�J��_=I�M N�K�K�M�H	�"^�K J�H _7JL_=c J�a=c _CM�]�I a=c�aqK�'*5$H�^LMhI�a5J	� _CM pL] �
c�aLJlI _U^C]�K���J�H�HC_3J�H N` M K"� H ` M�H � _�K �3a"c M  "H�J	�_CM ` a 
�JLK H�^CM�'

16.6 Exerciţ ii
&=' ��J�IbK H�M N�K a"^ ��Ie] ��Ib_�� ��H�^CMhI a� =H 
,^qK�I�HL_RJL_lI _CJTM�H�IeHlc ]�I �_���� � � N` � M N3�1�_Q'QF�pCH�^CMhaq_=c�� ]�c ] ` K M N KC� ]�I �4H�c H
��IeH  =H 
,^qK M�Hn_=c H5JL_lI _CJTM�H�IeHlc ]�I _���K�� ` ��M
��_  �K�^ �;�%4 '

8$' ��J�IbK H�M N�K a"^���I�]���Ib_�� ��H�^LMhI�a J�]$^LpCH�I ` K�K�� � ^CMhIeH5JTH�c H5MhI�HLK �q_Co�HnK"� �q]�I�M _=^LM�H! =H ^=a0�4H�I _CM N K H�� 8�� &��,�
&�
 
T' � aCJ�I _CM N K ^"a�� _�K�Jla ^"a��6HlIeH�� � ^CMhIeH ��K�'

?$' ��J�IbK H�M N�K a"^���I�]��$I _�� ��H�^LMhI�a  =H ` Hl^q_lIeH���� � ^nJL_�I�HRaLM K�c K oC_CM�]�I a=c ����K  "HL_Co��_Ra=^��"a=^LJ�M �qHnHTJ�I _=^RJ�a
�q_CMhI�a M _ ` M�H��  �_lI _lI�H N` K ��] ` K"�qK�c K M _CM�HL_  "Hn_5JT]�� �qK�^q_3J��_CM�H  =]�a��_  �K�IeHTJ�M N K�K ` K"�3a"c M _=^�'�5 I�H�pLH  "H�M N K
] �4H�M�]� ��_ ��H�^LMhI�a _ �=aLM�HL_RN` M�H�I �=H! "H ` H�^LH�c H �$IeH"N` K M�H"'

E!'4F ` M�Hn_  "H�p��_=Ib_CM��_UI�H�c _CM N�K�_ |�<�<=A � ( � ' � & @�[�["~ � ��� 
 ��" � (�� # ����' � ��H�^LMhI�aQ]�I K JTH ' N` K (_  ��5K ` K"�qK�c K �q]=oLK M K p�K)( �=a ` M K 

JC_CM N�K�'
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Chapter 17

Casetofonul

� ��^Lp��_CM N �_�� ` �_4K�^ ` �qHTJ�M��_�� H�J�Ib_=^"a=c&� ` �_  "H 
,^�K"�>^L]�K�� a"^CJ�M N�K�K!N` K ` �_���]�c ] ` K"� JL_ ` HTM�]	� ]$^"a"c ��H�^LMhI�a _ �"a"^CHnc _
���_ ` MhIb_�I�H4JL_���]� "]���H�I�H�c H ��� ����\ ��H5JL_lI�Hnc H�� _�� JlIeHL_CM�'

�
;�klA�[�[=B � ��H�^LMhI�a _5JCK M K,a=^ JL_lI _CJTM�H�I  =H ��H5H�J�Ib_=^$<

�
{
[��+�=B���H�^CMhI a  "H 
 ^�K�IeHC_  "H"� a"^CJ�M N�K�K�<

�
�"B���H�^CMhI a-� ]$c ] ` K�IeHL_"� a=^LJ�M N K�K�c ]�I  =H 
,^qK M�H�<

�
;"| ��[nJL_lIeH �"a"^CH ��I�]���Ib_��4H ��H �q_=^  ��_�<

�
9
j=|={ JL_lIeH7JLK M�H"N` M�H ��I�]��$I _��4H! "H ��H �q_=^  ��_�<

�
��[=A�x�[ � _��4H ` M�H�J	�_ ��Ie] ��Ib_��6H�<

�
��[=A,:	� � � pCH�IbK 

J��_ ��Ie] ��Ib_��6H"'

17.1 � � � � � � �

F;
 � � F�= ��*.
screen � H�J�Ib_=^

����
 D�� � ��*. ;�klA�[�["B�� � y,x �\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.
;�k�A�[�[=B�� H ` M�H ]8� a"^CJ�M N�K H �5_�K=I _lI,aLM K�c K oL_CM��_��CJL_�I�H _lIeH  $IeH	�CM �q_lI _��4H�MhIbK�J�]�]�I  "]�^�_CM�H�c H5a=^"a�K����_CMhI��_CM N H�c

 �K�^ ��IbK�c _! "H�2�]�_ ` �_7I�H�o�]�c�aCM N�K H"' � _CJ	�_ x
^"a3H�� � ^LMhI�H � N` K
?$& N` K y

� � ^LMhI�H � N` K
8=?���pCH�M N�K�] �LM N�K�^CH5H�I�]�_lIeHL_ � '
;�k�A�[�[=B��-� � ^CJ�HL_lIeJ	�_ ` �_ZIeHTJ�a"^C]�_ ` J��_RJL_lIb_CJ�M�H�I�a"c M K"���_=IbK M ��HRH�J�Ib_=^ c _ JT]�]�I  "]$^q_CM�H�c H y, x

N` K ` �_8� � ^
�
M�]�_lI�J	�_3a=^�N` K�I;� ]�I � _CM  �K�^ _CJ�H ` M JL_=I _CJTM�H�I ' � _CJ	�_3^=a I�H�J�a=^L]�_�N` M�H JC_=I _CJ�M�HlI a=c&��� � ^CM�]�_lIeJ�H ����' ;�k�A�[�[=B��
I�H�J�a"^C]�_�N` M�H�N` K�JL_lIb_CJ�M�H�I�H�c H ` J�IbK ` H4J�a :CB���[=A$;=[ �='
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@=A :CB�< |�< 
 � 
 ����;=<�j=@�� � @=A,:CB�< ;�k�A�[�[=B�� � 
 � � �
p�_ ` J�I K H �qH7H�J�Ib_=^ ;=<�j"@QN` K
_���]�K�<,'

17.2 �
�
� � �

F;
 � � F�= ��*.
to DEFine � _  =H 
,^qK��

FuNction � � a"^CJ�M N�K H
����
 D�� � ��*. {�[�� �"B

f 2 � 4 � � � � ����� ��� � � & expr\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
{�[ �%�"B ��H�I � K M�H ��I�]���Ib_��5_CM�]�I a=c�aqK ` �_�� N` K  =H 
,^LHL_ ` J	�_ ��I�]���IbK�K�c H�� a"^CJ�M N�K�K�����IbK�^ J�]�� �"a=^LH�I�HL_0� a"^CJ�M N�K�K�c ]�I

HhG"K ` M�H�^CM�H"'

f
H ` M�H ^"a0�4H�c H � a=^LJ�M N K HLK JL_lIeH ` H  "H 
 ^CH"N` M�H���� ]�I � _CM  �K�^LMhI ��] ` K�^���a=I+�_ c K M�H�I��_�' � K M�HlIeH�c H � K JLK ` a"^LM

H�J	��K pq_=c Hl^LM�H3J�a �5_�2ha ` J�a=c H�c H"'

 a��6Hlc H-� a"^CJ�M N�K HLK MhIeH �"aqK H ` �_ 

H ` aLJ�JTH  �_CM  =H ` H	�3^"a=c ���  �_CJ	�_A� a"^CJ�M N�K�_ pq_U_CpLHL_ a=^QIeHTo�a"c M _CM! "H

M K"� N` K�I�' �nMhI�H	�=aqK H ` �_7c K"� ` HL_ ` J	�_  �_CJ	�_�� a"^LJTM N�K�_! ,�_ a"^nI�H�o�a"c M _CM4^=a0�4H�IbK J"'� � � ����� ��� � ` a"^CM parametrii simbolici
_�K�� a"^LJTM N�K HLK���JL_lI�H _���_�I,� � ^4HhG ��I�H ` K�_  =H  =H 
,^qK M N K H6_"� a=^LJ�M N K HLK

N` K�_=c"J��_=I�]�I I�]�c�� � c�pC]��+ "H 
 ^�K,c _ ��IeH�oTH�^LM _lIeHC_nK�^ ` MhI�aLJTM N�K�a"^�K�K��=B '
� � ` a=^LM JL_3^�KeN` M�H5^=a0�4H  =H6p�_lI K�_���K�c H  "H] ` K�^ ��a=I+�_3c K M�H�I��_���J�]$^LM N�K�^�� _=^� ` H	� ^=a"c��  �_CJ	�_7H ` M�H4pC]�I ��_  "H �q_lIb_��6H�MhIbK  "H5M K"� N` K�I '

expr
H ` M�H6]nH G ��I�H ` K H ��������\ � � � ^6JC_�I�H  "H7]��qK JTHLK
_���_�I �q_lI _��4H�MhIbK�K ` K"� ��]�c K JCK���HhG ��I�H ` K H5JL_lIeH _lIb_CM��_

J�a�� ` H! "H 
 ^CH"N` M�H%� a=^LJ�M N K�_�'
F=GqHTJ�aLM _lIeHC_ K�^ ` MhI aCJ�M N K�a"^�K�K${
[��+�=B ^"a _lI�Hn^qK JLK a=^ H���H�J�M
�,_ ` H	�4H�^CHL_nK�^ ` MhI aCJ�M N�K�a=^qK�K${�|�<�|,',F�_7H ` M�H

� ]$c ] ` K M��_  "]�_lI�� � ^ �4]��4H�^LMha=c"HhG�H�J�aCM��_=IbK�K
K�^ ` MhI�aLJ�M N K�a"^�K�K��=BRJ�]�IeH ` �"a=^Lo	�_CM�]�_lIeH='

17.3 ���
F;
 � � F�= ��*.

FuNction � � a=^LJ�M N K H
����
 D�� � ��*. �=B

f � � � � ����� � � � �\��;D F � � � ��F;. � a"^LJTM N�K H
� F �!\ � ��F � F;.

f
H ` M�H ^=a0�4H�c H�� a=^LJ�M N�K HLK!K�^LpC]�JC_CM�H��!JL_�I�H4MhIeH �"aqK H ` �_ 
�H! "H 
,^qK M��_Ua"^  "H�p�_8� � ^ ��Ie] ��Ib_�� J�a5{�[��+�=B '

� � � ����� � � ` a=^LM H G ��I�H ` K�K JL_lIeH��!H�p�_=c�aq_CM�H��  �_=a3pq_=c ]�IbK�c H �q_lIb_��6H�MhIbK�c ]�I J�anJL_lI�H ` H5pq_3_���H�c _-� a"^LJTM N�K�_
f
'
���_ pLH  =H	� J�H ` H�� � ^CM��_�� �"c��_ c _4HhG�H�J�aCM _�I�HL_RK�^ ` MhI aCJ�M N�K�a=^qK�K �"B '

&=' � �V^CM��_�K��CJL_=c J�a=c _CM�]�I a=c"JL_=aCM��_1� � ^1� � ^LMhI�H � ��I�]���Ib_��3a"c�]  =H 
,^qK M N�K H  =H�� a"^CJ�M N�K H ��]5K�^ ` MhI�aLJTM N�K�a"^CH {�[��+�=B�

�qHl^LMhI�a _CJ�H�c _�N` K,^=a0�4H f

�fN` K  "H5_CJ�H�c _�N` K�M K"� 
 J�a�� a=^LJ�M N K�_ K�^CpL]�JL_CM��_�' � _CJ	�_5K�^ ` MhI aCJ�M N�K�a=^LHL_7{�[��+�=B
^"a H GlK ` M��_�� ` a"I�p�K�^LH3H�Ie]�_�I�HL_ 5
'

8$' � _CJ	�_  "H 
,^�K M N�K�_ _ � ] ` M ���_ ` K M��_�� ` HQH�p�_=c�aLHL_Co��_ ��HdI��_=^� HhG���IeH ` K�K�c H � ^"a�� K M�H argumente

 � � '�
HTo�a"c M _CM�H�c HUH�p�_=c�a��_=IbK�c ]�I  "H�p�K�^�p�_=c ]�IbK�c H��q_lI _��4H�MhIbK�c ]�I ` K"� ��]�c K JCK � �  �K�^�K�^ ` MhI aCJ�M N K�a"^CHL_ {
[��+�=B�  �_lI ^=a�p�_=c ]�IbK�c HRa"^L]�I p�_�IbK�_��qK�c H � ������\ J�a�_CJTH�c _�N` K ^=a0�4H$� 
T' � _CJ	�_ HhG ��I�H ` K�K�c HQ^"a �"Hl^LH�I�HL_Co	� _

IeH�ola"c M _CM�H  =H _CJ�Hlc _�N` KTM K"�vJ�a _=c���_�Ib_��6HTMhI K�c ]�I ` K"� ��]$c K JLK�JT]�IeH ` �"a=^Lo	�_CM�]�I K ` _=a ^"a0�-�_=I�a"c �q_lI _��4H�MhIbK�c ]�I
` K"� �q]$c K JLK!^=a H ` M�H6H ��_=c�J�a _=c�_�I ��a��6Hl^LM�H�c ]�I�� ` H4]��CM N�K�^CH6HlIe]�_�I�HL_(!5'
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?$' � a0���_ _CJTHL_ ` M _�� ` H MhIeH�JTHdc _QHTpq_=c�a�_�I�HL_ HhG���IeH ` K HLK  �K�^ K�^ ` MhI�aLJ�M N�K�a"^CHL_ {�[��+�=B ' �4IbK�a"^� =H _���_�I
^"a0�4H  "H���_�Ib_��4H�MhI K ` K"� ��]�c K JLK�� ` H-� ]�c ] ` H"N` M�H p�_=c ]�_lI�HL_ �qHnJC_�I�HnM�]�J	� _�K _=a J	�_����_CM _CM���]
' � _CJ	�_
_��q_lI ^"a��6H�c H3_=c M�]�I p�_lI K�_���K�c H��
_CMha=^LJLK ` a"^LM���]�c ] ` K M�H p�_=c ]�I K�c H4p�_�IbK�_��qK�c Hlc ]�I ��Ie] ��Ib_�� a=c�aqK���������\ '

E!' � �V^ 
,^CH��,I�H�o�a=c M _CMha"c�H�p�_=c�a��_=I K�K!_CJ�H ` M�HLK!HhG���IeH ` K�K!H ` M�H�� � ^LM�]�I `  "H5_���H�c�a"c�� a=^LJ�M N�K HLK �=B '

F=GqH � �=c H�c H ` a=^LM � _�K � a=c M  "H�J��_CM aLM K�c H�.


 {
[��+�=B � � ' � & :LB�< � '�� � 
 �
H ` M�H  "H 
,^�K M N�K�_"� a"^CJ�M N�K HLK � ��I�]"Mha"^�2 K�I�H
)
' � _5HhG�H�J�aCM _�I�HL_UK�^ ` MhI�aLJTM N K�a=^qK�K�.

@=A,:LB�<+�=B � � @!: �
` H ��_�I�J�a"I �Qa=I �-�_CM�]�IbK�K �q_�N` K�.

&='  "H 
,^qK M N�K�_5H ` M�Hnc ]�JL_=c K oL_CM��_!� � ^nc K�^qK�_7s?<
8$' ` HnH�p�_=c�aLHL_Co��_UHhG���IeH ` K�_R@!:�' 5
_lI _��4H�MhI�a"c '  =H�pqK�^CHQ?�'�&�E!&�s �=80
 ��]QH�pCH�^LMha�_=c��_Upq_=IbK�_��qK�c��_ ' H ` M�H
^LHL_=c M�H�Ib_CM��_ 
�<

?$' ` H4H�p�_=c�aLHL_Co	�_5H G ��I�H ` K�_U:CB�< � # ��� & � 
 ��� � � � 
 � �=JL_lIeH  ,�_5?,<
E!' ` H4M K"���_=IeH"N` M�H5?�'

��_CM��_4]  "H 
,^�K M N K H ��H�^CMhI a-� a=^LJ�M N K�_ �"aCM�H�IeH�.

� {�[����=B � � ' � ( � & � |�z�;)' � + (
��a"^CJ�M N�K�_3_=c HL_CM�]�_�I�H � �#�_=I+�_ ��_�Ib_��4H�MhI K1� 
�.

� {�[����=B - ��� & A�B�{

���_ � _�K�pCH  =H	�>a"^3HhG�H	� �=c�a$.

��� 9�[�<�'�&���� 9�[�<+(�&�� � 9�[�< - &����
��� {�[����=B � � ' � ( � & - �+'��	(# � {�[����=B � ��� & - ��'��	(& � {�[����=B � � - � &+�=B � � �=B � � � � � �
 � @=A,:LB�<+�=B � � � � # � � �=B � ��� � �=B � � � �
� J�H ` M!��Ie] ��Ib_�� pq_ ` J�IbK Hn^"a��6H�I�H�c H & 
��,& � N` K�����' ���_4pLH  "H	� Jla0�>c H4]��CM N�K�^LH�.
�=B � � � � # � & - ���	� # &��������	� # & � �� ` H8� ]�c ] ` H"N` M�H6p�_=c ]�_lI�HL_5Jla"I�H�^LM�� _n_5p�_�IbK�_��qK�c HCK - 
�'
�=B � ��� & - ��'��	(+& ��� ���	� �)& ���� ��]�c ] ` H"N` M�H4p�_=c ]�I K�c H4J�a=IeHl^LM�Hn_=c H6MhaCMha"I�]�I JTH�c ]�I MhI�HLK!pq_lIbK�_��qK�c H"' 

�=B � � � � &+�=B � � ��� � � � & - � ���
� � &
���� � a"^LJTM N�K�_ � H ` M�H�� ��Ib_CJ�M K J��!K�^� "H �qHl^� "H=^LM��_  =H _�I ��a��6Hl^LMha"c ` �_=a�' 
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��H ��]=M  "H 
,^�K N` K�� a"^LJTM N�K�K recursive
� JL_lIeH8� ]$c ] ` H ` J1� � ^ HhG���IeH ` K�_! "H  "H 
,^�K M N K H4a=^ _���H�c�c _ H�c H1� � ^ ` H�c H 

�

 �_lI MhIeH �"aqK H �#�_CJ�aCM�HQ^�KeN` M�H ` JL_��5_CM�]�IbK�K�'d\ a"IbK ]
N` K�c ]�I6c H IeHTJ�]��5_=^� ,�_�� ` �_ ` Mha  �K H�oTHZ_CJTHL_ ` M��_ ��Ie] �"c H	�-�_
�5_�K���Hnc _lI �
' F�pq_=c�a�_�I�HL_ c�aqK �"BQ^=a�� ]�c ] ` H"N` M�H ] ` M K p��_�<"p�_=c ]�I K�c H �q_lI _��4H�MhIbK�c ]�I ` a"^CM �4H	�4]�Ib_CM�H J	�qK�_lI�� � ^
c K�^qK�_ ��� ����\ JL_lIeH J�]�^CM N�K�^LH4K�^ ` MhI aCJ�M N�K�a=^LHL_ {�[ �%�"B � pCH�oLK!N` K � ^LH Gl_ � 

�� "H4_CJ�H�HL_ ` H ��]=M IeHC_=c K oL_7^"a0�5_�K
recursii la coadă

' � 
 a K�^LMhI��_�� � � ^ _��-�_=^=a"^LM�H!� � ^3c H ���_CMha"I��_4JlanIeH�Jla"I ` K�_Rc _ J�]�_  ,�_�' 

��_CM��_3a=^5HhGqH � �=c�a6.  "H 
 ^�K M N�K�_

factorialului
� ^�� � & � 8 � ?�� 'T'�' � ^ 
�.


 {�[����=B�� � . � & ��|�9 � � ��� �d|=B�{ . & � � �
� � . �)�=B�� � . 
�� � �d|=B�{ .  �� � �

� ��^LJ�H�I�JL_CM N K�@=A,:CB
<%�"B!� � 
 � '

��^ ` MhI�aLJTM N�K�a"^�K�c H5JL_lIeHUa"I �4HL_Co	�_ ` H8� ]�c ] ` H ` J �qHl^LMhI�a�_ ` J	�qK"� �q_3K�^
��]�I �5_CM NbK�K$J�a3JL_ ` H�M�]�� ]�^=a"cV' � J�H ` M _
H ` M�Hna"^Rc�aLJlI aRaLM K�c ��H�^LMhI�a MhIb_=^ ` �q]�I�M _lIeHL_ ��Ie] ��Ib_��6Hlc ]�I  =H c _ a"^3JL_=c J�a=c _CM�]�I c _ _=c Mha=c N` K ���_ ` MhI _lI�HL_nc ]�I
 �a����_�� � ^LMhI�H�I a���H�IeHC_�_=c K"�4H�^CM��_=IbK�K�J�anJ�a"I�H�^CM H�c H�JTMhI K J"' ��H ` �"a=^LH  "H ` ��IeH3JL_ ` HTM�]	� ]$^ J	�_4H ` M�H un suport
de memorie permanentă

'

17.4 � � � �

F;
 � � F�= ��*.
to save � _ ` _=c pq_

����
 D�� � ��*. ;=| ��[
numeprg 2 9
:CB�[ etch 4 2 ;�klA�[�["B�� 4 2 k�jl{�[ adr � lung 4 2 {
|�<�|

var ��� 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
;=|���[

salvează
��M�H�I �4H�^3J�]�^ ` _CJ�Ib_CM ��H�^CMhI a����_ ` MhIb_�I�HL_ ��H ` a0��]�IeMha=I K ��H�I �5_=^LH�^CM�H  "H �4H	�4]�IbK H 


]���_�I�M�H  �K�^ J�]$^LM N�K�^=aLMha"c �4H	�4]�I K HLK�'%5�H�^CMhI a K�^
��]�I �5_CM NbK�_ ` _=c pq_CM��_ ` H �5_�K�� ]�c ] ` H"N` M�Hn^"a��6H�c H  "H fişier
'

;=| ��[)��]�_CM�H _CpLHC_ ])� a=c M NbK"�4H  =H � ]�I �6H�� ��HQJL_lIeHdc H pL] � _=^�_=c K oL_ ` H	��_�Ib_CM�' 
 a0�5_�K a=^"a=c  �K�^LMhI�H
� ���q_lIb_��6H�MhIbK�K )nK�^� �K JC_CM N�K$JL_5] �LM N�K ]$^q_=c K��q]�_CM�H _����_=IeHC_�� � ^CMhI&��] K�^ ` MhI�aLJ�M N K�a=^LH ;=| ��[ '

� ��^5M�]�_CM�H JC_Co�a"IbK�c H��
numeprg

H ` M�H a=^ N` K�I  =H & ���_=^��_7c _U&��7JL_�Ib_CJ�M�H�I�H��!JL_lIeH4p�_ 
Q^=a0�4H�c H5J�a5JC_�I�H
H ` M�H6K  "Hl^LM K 
�JL_CM��_7K�^
� ]�I � _CM NbK�_ ` _=c p�_CM��_�' � _CJ��_7^"a��6H�c H7^"a3IeH ` ��H�J�M�� _ _CJ�HC_ ` M��_7I�H ��a=c��_ ` a=Iep�K�^LH4H�I�]�_lI�HL_ �!'

� ��^q_�K�^LM�H  "H _0� � ^CJ�H	��H ` _=c p�_lIeHL_�� �qHUa"c M K"�5_Uc K�^qK Hn_3H�J�Ib_=^"a=c�aqK ` H _ 
 N` HL_Co��_ �4H ` _�2 a"c
; /�- ��/ /�-�� 1 �/ 0�1 .*��� 1 ��� -=. (��
10(;�$JL_�I�H�� � ^ ` HC_�� ^��_�� �&5$]�I ^�K M NbK!JL_ ` H�M�]	��]�^"a=c N` K,_���]�K,_����_ ` _CM NbK!]�IbK J�H5M _ ` M��_ )
' � a0���_
_����_ ` _lIeHC_3a"^CHLK,M _ ` M�H�� �6H ` _�2ha=c�H ` M�H N` M�H�I ` N` K ` _=c p�_lIeHL_0� � ^CJ�H	��H"'

17.4.1 � ��� � numeprg
��_=c pCHL_Co	�_ ��H �q_=^  ��_ ��Ie] ��Ib_�� a=c ��������\  �K�^ �6H	�4]�IbK H��3� � � ��IeH�a=^�� _ Jla5M�]�_CM�H p�_lI K�_���K�c H�c H ` _=c H N` K
pq_=c ]�IbK�c H
c ]�I J�a=IeHl^LM�H"' � _CJ	�_n^=a5H ` M�Hn^CH�pC]�K H  =H5pq_lIbK�_��qK�c Hnc _4]�� � ^LJ	�_=IeJC_�I�H3a"c M�H�IbK ]�_lI+�_ � ��H�^CMhI anJ	� _ ��I�]��$I _��3a"c�� � N` K
� _CJ�H ` K�^���a=I K�^�K M N�K�_=c K o	�_=IbK�c H 
�� ` H3IeHTJ�]��5_=^� ,�_5k=9�[�|"A'� � ^q_�K�^CM�H  =H ;=| ��[,'

17.4.2 � ��� � numeprg ��� ��� etch

etch
H ` M�H ]RH�M K J��LH�M��_�' � J�HC_ ` M��_nK�^ ` MhI�aLJ�M N�K�a"^CH-� _CJ�Hn_CJ�H�c _�N` K c�aLJ�I�a JL_U;=|���[ numeprg

�!J�a  �K � H�I�H�^LM N _
J	�_ ��I�]��$I _��3a"c&��_CMha=^LJLK!J	�_=^� np�_ 
7� � ^LJ	�_=IeJL_CMC� � ^5JL_=c J�a=c _CM�]�I �!p�_ ��]�I�^qK,_=aCM�]��5_CM?� � ^5HhG�H�J�aLM N K H  =Hnc _ c K�^qK�_
J�a3H�M K J	�LHTM _

etch
'
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17.4.3 �
���
� numeprg ��� ���������

` _=c pCHL_Co	�_!��H!�q_=^  ��_ JT]�^LM N K�^=aLMha=c��6H �6]�IbK HLKCp�K  "H�] N` K"K�^�� ]�I �5_CM N K�_  "H Jla"c ]�_lI�H"' F ` M�H H�J��qK p�_=c H�^LM��_ Jla ;=| ��[
numeprg

k�jl{�[ � �*# " & � � �����

17.4.4 �
���
� numeprg ��� 
�� adresa � lung

` _=c pCHL_Co	�_ J�]�^CM N�K�^"aCMha"c�a"^CHLK�o�]$^LH  =H �4H	�4]�I K H J�a4c�a"^ ��K"�4HL_ lung
�&� � ^v]�J�M�H�M N�K 

��]�J�M�HTM J�a ]�J�M�H�M
��� � ^LJ�H ���_=^  

 "H c _
adresa

'

17.4.5 �
���
� numeprg 
 � � � var ���

a"^  "H
var

H ` M�H ^"a0�4H�c H a=^LHLKlpq_lIbK�_��qK�c H �3a"c M K  �K"�6H�^ ` K ]$^q_=c H  "H ]�IbK J�H M K"��' � J�HL_ ` M��_vK�^ ` MhI�aLJ�M N�K�a"^CH ` _=c pLHL_Co��_
J�]$^LM N�K�^=aLMha=c � _CMhIbK J�HLK�Jla ^"a��6Hlc H

var
'

17.5 � � � �
F;
 � � F�= ��*.

to load � _�� � ^CJ	�_=I�JL_
����
 D�� � ��*. 9�j=|={

numeprg 2 ;�klA�[�[=B � 4 2 k�jl{�[ 2 adresa 2 � lung 4�4�4 2 {�|�<�|
var ��� 4\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.
9�j"|={RH ` M�H5JT]��5_=^� �_ ��H�^LMhI�anJLK M K�I�HL_Ua"^=aqK ��I�]��$I _��  =H ��H �q_=^  ��_ �5_ ��^CH�M K J	�_ � � ^ �6H �6]�IbK H"' � ]��

 �K ` J�aLM _ ��HnI��_=^  -� ]�I �6H�c H ��] ` K"��K�c H"'

numeprg
��]�_CM�H ` �_ 
�Hna=^�N` K�I ^"a=cV' � ��^ _CJ�H ` M JL_Co ` H�� � ^CJL_�I�J	� _  =H ��H �q_=^  ��_ ��IbK"� a=c���I�]��$I _�� JL_lIeH

_lIeH3M K"�"a=c ` ��H�JLK 
�JL_CM  =H(� � ��_�Ib_��6HTMhI K�K )R]��CM N�K ]�^�_=c K � ^=a ` a=^LM J	�qK�_lI ^�KeN` M�H��q_lIb_��6H�MhIbK��  �_lI ^=a�K�^LpCH�^LM��_��
_CJ�a��>^"a��6H3^L]�K 
�'

17.5.1 � � � 
 numeprg
JLK M�H"N` M�H  "H �qH �q_=^� ,�_ ��I�]��$I _��3a"c � ������\ N` K$pq_lIbK�_��qK�c H�c H ` _=c H���JC_�I�H _=a�� ] ` M ` _=c p�_CM�H ` a0�n_CJ�H�c _�N` K ^=a0�4H
J�a3J�H�c ` ��H�JLK 
�JL_CM�'�5 Ie] ��Ib_�� a=c���I�H�o�H�^CM1� � ^ �4H	�6]�IbK H H ` M�H �qK H�I  �aCM�'

17.5.2 � � � 
 numeprg ��� ���������
H ` M�H5H�J	��K pq_=c H�^CM J�a59�j=|={ numeprg

k�j�{�[ � ��# " & � � �����

17.5.3 � � � 
 numeprg ��� 
�� adresa � lung
JLK M�H"N` M�H  "H ��H ��_=^� ��_ ��IbK"�3a"c 
 N` K HlI ` _=c p�_CMvJla ;"| ��[ n

k�jl{
[
x � y

��JC_�I�H _lIeH3^"a��6Hlc H6JT]�IeH ` �"a=^Lo	�_CM�]�I
N` K c�a"^ ��K"�4HL_ y

�
lung

' \ K M K�I�HL_ ` H�� _CJ�H�� � ^ �6H	�4]�IbK H1� � ^LJTH	��� _=^�  =Hnc _3_  �I�H ` _ ` �qHTJLK 
�JL_CM��_RN` K,^=a  "H c _
J�HL_%��]�c ] ` K M��_ c _ ` _=c pq_lIeH � x 
�'
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17.5.4 � �
� 
 numeprg ��� 
�� adresa

_CJ�M N�K ]$^LHL_Co	�_���I�H�J�a�� K�^ ` MhI�aLJTM N K�a=^LHL_ ��I�H�J�H  =H�^LM��_��  �_�I!�#�_=I��_7_��5_�K!J�]�^ ` MhI��_=^��=H�� � ^np=IeHla"^�� Hlc c�a"^ ��K"�4HL_
��I�]���Ib_��3a"c�aqK ` _=c p�_CM�'

17.5.5 � �
� 
 numeprg ��� 
��

� � ^CJL_lIeJ	�_3a"^ ��Ie] ��Ib_�� ` _=c p�_CM J�a ;=| ��[.����� k�jl{�[ J��qK�_lIvc _3_  �I�H ` _  =H3c _5JL_lI�H _8� ] ` M ` _=c p�_CM�'

17.5.6 � �
� 
 numeprg 
 � � � var � �

JLK M�H"N` M�H �5_CMhI K J�HC_� =H ��H �q_=^  ��_��4N` M�H�I �,�_=^  +�5_CMhI K J�HC_QHhG"K ` M�Hl^LM��_ J�ad_CJ�H�c _�N` K ^=a0�4H"' 5$]�_CM�H ` a"I�pCH�^qK
H�I�]�_lIeHC_3E*� � ^6JL_Cola"c,c K"� ` HLK  "H �4H	�4]�I K H"'

� _CJ	�_UJLK M K�I�HL_  "H ��H��q_=^  ��_ ` H-� _CJTHnH�Ie]$^q_CM ��J�H�c �5_�K _  =H ` HC_RJL_=c J�a=c _CM�]�I a=c ��]�_CM�H  =H	�qK ` M _� �_CJ��_
` a=^LM K�^�� ]�I �5_CM N�K�K!K�^LJ�]�I�H�J�M�H ��H �q_=^  ��_ 

� ` a=Iep�K�^LH3H�I�]�_lIeHC_ � '
���_7_�I�a"^CJ	�_�� ]���IbK pqK�I�H _ ` a���I _ �4]� �a=c�aqK � � ^5JL_�I�H5H ` M�H5]�I ��_=^qK oC_CM a"^ 
 N` K H�I �qH �q_=^� ,�_�' ��_=c p�_lIeHL_ ` H

� _CJ�H�� � ^  "]�a��_ ���_=IeM N�K�'�5 IbK"� _ ��_�I�M�H5H ` M�H5]��"aCJ	�_CM N K J��_ ^"a0�5K M��_!� � ^5H�^��$c H�o	�_ header
N` K���]�_lIeM��_5K�^
��]�I �5_CM NbK�K

 "H ` ��I�H 
 N` K H�I . ^=a0�4H���M K"� N` K!c�a"^ ��K"�4H"' � HL_  =H�I&�ha"c�_lIeH!� � ^LM�]=M  "HL_=a=^q_n& �4]�J�M�H�M N K�' � a����_A�LHL_  =H�I a"I �4HL_Co	�_

 N` K H�I�a"c ��I�]���IbK�a
��oLK ` ' � M��_CM��CHL_  "HlI&�ha"c J	�_CM N` K 
 N` K H�I a=c;� � ^CJ�H	� ��H ��_=^� ,�_ ��I K�^CMhI&��] o�]$^��_RJ�a a=^ ` a"^LHTM
a"^�K � ]�I �A�C� ]�c ] ` K M1� � ^ ` K�^CJ�Ie]$^qK oL_=I�H"' � �V^UM K"� �=a"c,JLK M K�IbK�K oT]�^LHlc ]�I  =H ` K�^LJ�I�]�^�K oL_=IeH���� � � � F �,�ha"c!H ` M�H�� � ^
 �a=^���K,I�]
N` K�K
N` K�_=c��q_ ` MhIeH  "H ` J	�qK ` � red

N` K cyan

�'�5$H�^LMhI�a4o�]�^CH�c H! "H5K�^
� ]�I �5_CM NbK H��� �a=^���K�c H ` a=^LMv_=c���_ ` MhI�H

N` K ��_=c���H�^CH � blue
N` K yellow


�'

17.6
� � � � �

F;
 � � F�= ��*.
to merge � _3_��4H ` M�H�JC_

����
 D�� � ��*. ��[=A�x�[
numeprg\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.
��["A�x�[3HhGlK ` M��_  "]�_�I ��H�^CMhI a 
 N` K HlIeH! "H ��I�]��$I _��4H ��������\ � ^"a N` K ��H�^CMhI ank�j�{�[ ` _=a {�|�<�|�
�'$F�� H�J�Mha=c

` �_=anH ` M�H  "HQ_R_��6H ` M�H�JL_Up�_�IbK�_��qK�c H�c H N` K ��I�]���Ib_��3a"c  "H �qH �q_=^  ��_ZJ�a�JTH�c H  �K�^ �4H	�4]�I K H"' � K�^qK�K�c H N` K
p�_�IbK�_��qK�c H�c H7JL_�I�H5HhG"K ` M��_�� � ^ _�� ��H�c H ��Ie] ��Ib_��6H ` H K�_=a  "H ��H ��_=^� ,�_��
K�_lI pCH�J	�CHL_ K�^�� ]�I �5_CM N K H ` H �qK H�I  "H"'
� K�^qK�K�c H  =H ��H �q_=^  ��_ ` a"^LM K�^LM�HlIeJL_=c _CM�HUc _3c ]�J�a=I K�c Hnc ]�I�� ��IbK�^LMhI�H5J�Hlc H5HhG"K ` M�H�^CM�H  =H+2 _�'

F!Ie]�IbK��q] ` K"��K�c H�.

�
� ��HlIe]�_�I�H  "H4JLK M K�I�H ��H ��_=^� ��_�<

�
E?� �4H	�6]�IbK H K�^ ` a 
�JLK H�^CM��_�'

� ^ ��I�]���Ib_��B� � ^CJ	�_=I�JL_CM J�a!��["A�x�[n^=a �q]�I�^LH"N` M�H5_=aLM�] � _CM,� � ^ HhG�H�J�aCM N K H��"J��qK�_lI  �_CJ	�_4_���] ` M ` _=c pq_CM J�a
;=| ��[ 9
:CB�[

x
'

\ _ N` K c _59�j=|={ �
numeprg

��]�_CM�H 
 N` K�I a=c,^"a"c,N` K!_CMha"^CJLK!H ` M�H�� ]�c ] ` K M ��IbK"� a=c 
 N` K HlI�� � ^CM��_=c�^qK M�'
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17.7 �
�
� � �

�

F;
 � � F�= ��*.
to verify � _5pCH�IbK 

JC_

����
 D�� � ��*. ��[=A,:	���
numeprg 2 ;�k�A�[�[=B�� 4 2 k�jl{
[ 2 adr 2 � lg 4�4�4 2 {
|�<�| var ��� 4\��;D F � � � ��F;.rJT]��5_=^� �� _

� F �!\ � ��F � F;.
��["A,:	� � ` HL_��7�_=^��_1� ]�_�I�M�H �3a"c M,J�a 9�j=|={C�  "]�_�I�J	�_ ^"a � � ^LJC_�I�J	�_ ��Ie] ��Ib_�� a=c �  �_CM�H�c H 
  =H ��H!�q_=^  ��_���JLK

� � cCJ�]�� �q_lI��_ J�a4J�H�c�HhGlK ` M�H�^LMC� � ^ �6H	�4]�IbK H"' � K � H�I�H�^CM N�H�c H ` a"^CM _=^=a"^CM N�_CM�H ��IbK�^5H�I�]�_lIeHC_ � ' ��H7IeHTJ�]��5_=^� ,�_
� � ^CM�]"M  =HL_=a"^�_3pLH�IbK 
�JL_lIeHL_Ua=^"a�K ��Ie] ��Ib_�� ` _=c pq_CM�'

� _5HhG�H�J�aCM _�I�HL_ J�]��4H�^LoCK�c ]�I 9�j=|={ �0��[=A�x�[ ` _=a ��[=A,:	���3JL_=c J�a=c _CM�]�I a=c
_ 
 N` HL_Co	�_4J	�_=^� n_��q_lI �LHL_  =H�I �
H�c H�� � ^CM��_=c�^�K M�H�� � � ^8� ]�I � _7a"I �-�_CM�]�_lI�H�.

@ �
� � �
- 
 � . )�

1 ��� � ��H�^CMhI a���I�]��$I _��4H ��� ����\
z�( / 1 � � . )�

1 ��� � ��H�^CMhI a���I�]��$I _��4H ` _=c pq_CM�H4J�ank�jl{�[ ` _=a ;�klA�[�["B��
B�)�
 � 1 � - ����- (�� . )�

1 ��� � ��H�^CMhI an] � _CMhIbK J�H3^"a��6HlI K J	�_
k=0 -���- ( / 1 � - ����- ( � . )�

1 ��� � ��H�^CMhI an] � _CMhIbK J�H! "H7JL_�Ib_CJ�M�H�I�H

a"^  "H . ) 

1 ��� ����I�H ` a��"a"^CH	�>J	�_5H ` M�H ^=a0�4H�c H ` a0�nJL_lIeH _%��] ` M ` _=c p�_CM��_7K�^
� ]�I � _CM NbK�_�' � J�H ` M �4H ` _�2 ` H
M K"���_=IeH"N` M�H�� � ^CM�]"M  "HC_=a"^q_ ��HnI��_=^  ^C]�a�'

9�j"|={ � ��[=A,: � �nN` K���[=A�x�[  �_=a4pq_lI K�_���K�c HLK ` K ` M�H	� �!\ � \ D p�_=c ]�_lIeHL_4?,��_�N` _1� � ^CJ	�_CM ^qK JLK ]� �_CM��_7^"a4pL]�I
��I�]  $aLJ�Hn_��q_lIbK M N�K�_ �4H ` _�2 a"c�a�K � ( �
� ��� ' '
��_CM��_  "H JTH ��[=A,:	� � ��� ;�k�A�[�[=B�� p�_  �_4_���Ie]�_��qH ` K ��a=I�H�Ie]�_�I�H�.,� � ^!�4]��4H�^LMha=c#� � ^CM��_=c�^�K�I K�KC_=^LM�H�Mha=c�aqK

�#�CHL_  "HlI&�ha"c�a�K 
 ` H pq_ ` J�IbK H ��H4H�J�Ib_=^5z�( / 1 � � . )�

1��"J�HTHL_5JTH p�_ �6]� �K 

JC_5K"� _ ��K�^LHL_ HhG"K ` M�H�^CM��_���JL_lIeH
^"aQp�_ � _�K J�]�I�H ` �"a"^  "HQJlaQJ�HL_ ` _=c p�_CM��_�'B5�Hl^LMhI�a _ ` _=c pq_ K�^LM�H �$I _=c K"�5_ ��K�^�K � J�aRM�]"M5Jla�J�Hlc H  =]�a��_
I��_=^� $a"IbK  "H 2 ] ` 
 N` K ��H�^LMhI�a _Rc H �"aCM�HL_RpCH�I K 
�JL_�� ` HRIeHTJ�]��5_=^� ,�_�� � ^LM��_�K �3aLM _lIeHL_ c ]�I;� � ^ _=c M��_no�]$^��_  "H
�4H	�6]�IbK H��lIeH�oTH�Iep�_CM��_4_=^CM�H�I K ]�I�Jla6k=9�[�|=A �  �_lI _=^CM�H�I K ]�I� =H ` Hl^��_=IbK�K��� "H�]�_�I�H�J�H4k"9�[�|=A N` M�H�I �=H N` KCH�JlI _=^=a"c 
�'

17.8 Exerciţ iu rezolvat
�"� _ ��K�^q_CM N K�]��4H�M�]� ��_ ��IbK�^ JL_lI�H5JLK M K�I�HL_ �LHL_  =H�I �fa=c�aqK ` �_ ��I�]"pC]�_CJTH ^=a ` J�I K HlIeHL_ �4H ` _�2ha"c�a�K

@ �
� � ��- 
 � . )�

1
JLK!_na=^"a�K!M�HhGqM ]�_lI�H�JL_lIeH � ^"a ��IeHL_Uc�a=^�� 
�'

Rezolvare
5 Ie] ��Ib_�� a=c"JL_lIeHnI�HL_=c K o�HC_Co	�_3_CJ�HL_ ` M��_0� � ^LJ��_=I�JL_�I�H � K�Ib_CJ�a=c ]�_ ` �_5_lI _CM��_! �a����_3Jla0�>a=I �4HL_Co	�_ � ` �_ ��I�H��

` a��"a=^LH	� J��_7^"a��6H�c H ��I�]��$I _��3a"c�a�K ` _=c pq_CM H ` M�H3a"^nN` K$� ]�I �5_CM  �K�^n&��7JL_lI _CJ�M�HlIeH5k ��A � �*� � & ;=<�j"@�
�.
� @�|�@�[=A��$� :CB�~
� �Rj ��[=A � ��k=9�;

 @=A,:LB�< |�<�� � ���%�C@ � � � ��- 
 � ����)��jlA 2 &�� <�j ���$� @=A :CB�< k ��A��!��� � ���UB�[���< 2
��� @=A,:LB�< |�<�� � ���%�C<�10' / )
� - ("1 ��/�- * - -���-�� 1 - � - (�2 / 2 � 1 - 0�1 - ��1 � )
�"),2��
� 
 :CB�~��$� @=A,:CB
< |�<�� � ������ 9�j=|"{��*�
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5�H4H�J�Ib_=^ ` a"^CM ` a0��Ib_��"a ` H�� � ^ j���[=A �  =]�a��_7M�HhGqM�H�. J�H�c�J�H5MhI�H	�=aqK H ` �_4_���_�I��_nN` K�JTH�c
_ 
 N` _CM;� � ^ �6]� 
^L]�I �5_=c  =HR9
j=|={ c _'� � ^LM��_=c�^qK�I�HL_ �LHL_  =H�I&�ha"c�a�K�� _=c�� �qHQ_=c���' \1�_=^� �LHL_  =H�I&�ha"c M K"���_=I�H"N` M�HR_� "]$aq_R]�_�I��_
M�HhG�Mha"c �  =H  �_CM _U_CJ�HL_ ` M _"� � ^R:CB�~�� 

�  �_CM�]�I K M��_ ��Ie] ��I K H�M��_CM N�K�c ]�Ivc�a�K j���[=AC�!p�_ _����_=I�HL_  =H'� _��CM J�Hlc��_=c _=c M
M�HhG�M�'

17.9 Exerciţ ii
&=' ��J�IbK H�M N�K a=^ ��I�]��$I _�� JL_lIeH ` �_ ��H�I � K M��_ ` _=c p�_�I�HL_ N` K pLH�IbK 
�JL_lIeHL_ JT]�^LM N�K�^"aCMha"c�aqK oT]�^LHCK �4H	�4]�I K HLK
pqK  =H�]
'

Indicaţie
. ��H�^LMhI�aZ_ ` _=c p�_ K�^CM�H ��Ib_=c K"� _ ��K�^qK � K�^CJ�c�a ` K pRJ�H�c H  "]$a��_RI��_=^� $a"IbK  "H*2�] ` 
3N` K ��H�^LMhI�a

_Rc H��"aCM�HL_RpCH�IbK 

JC_�� ` HRI�H�J�]��5_=^� ,�_"� � ^LM��_�K � aCM _�I�HL_Zc ]�I;� � ^�_=c M��_3o�]�^��_  =H��6H �6]�IbK H�� I�H�o�H�I�p�_CM��_
_=^LM�H�IbK ]�I J�ank"9�[�|=A '

8$' � �5_ ��K�^�_CM N�K$] ` K Mhaq_CM N K H4J	�_=^� ��[=A,: � � ��� ;�klA�[�["B��3_�I �6H�I �"H='
?$'4F ` M�H5;�k�A�[�[=B���� a=^LJ�M N�K�_ � � ] �"a ` �_ )3p=IeH�a=^LHLK J�]��4H�^CoLK ` _=a%� a"^CJ�M N�K�K �&� � ^ ` H�^ ` a"c,:CB�
�j�Y�<  "H ��K�c  ��_ 
 (
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Chapter 18

Periferice

�
9�9!:";=<���H�^LMhI�aRc K ` M _lIeH3c _5K"� ��I K"�5_=^LM��_�<

�
9�@=A,:CB�< ��H�^CMhI anM K"���_=I K�I�H3c _ K"� ��IbK"� _=^CM��_�<

�
k�j=@ ����H�^LMhI�a  "H ` H�^q_lI�H c _5K"� ��IbK"� _=^CM��_�<

�
 �IbK pLH�I�H5JL_lI�H  "H ` H�I�pLH ` J ��H�IbK � H�IbK J�H"' \ �_�K
N` K�JL_=^�_=c H"'

�
j"@�[=B ����H�^LMhI�a _! "H ` J	�qK  =Hn] JC_=c H�<

�
k"9�j�;=[�� ��H�^CMhI a _0� � ^LJ��qK  "H7]nJL_=c H�<

�
@"A,:CB�<�� � :CB�@=Y
<�� � 9!:l;=<�� � :CB�~
[ ��� � ��H�^CMhI anJ�] � a=^qK JL_CM N�K�K ��H5J	� _�K�<

�
� K ` J�a=c&.

–
9�j"|={ � ��H�^LMhI�a _�� � ^CJ	�_=I�JL_�<

–
;=|���[�� ��H�^LMhI�a _ ` _=c pq_�<

–
��["A�x�[�� ��H�^LMhI�a _5_��6H ` M�H�JL_�<

–
��["A,:	� ��� ��H�^CMhI a _7pLH�IbK 
�JL_�<

–
k=|�<���H�^CMhI a _3K�^ ` �qHTJ�M _�<

–
[=A
|�;=[���H�^LMhI�a _nN` M�HlI �=H�<

–
��j�A���|�<���H�^LMhI�a _5K�^qK M N K�_=c K oL_�<

–
��j ��[���H�^CMhI a _7J�]���K�_�<

–
k=9�[�|=A ����H�^LMhI�a _�� � ^CJ	�qK  =H5JL_=^q_=c H�<

–
k=9
; ����H�^CMhI a _ N` M�H�I �"H4H�J�Ib_=^"a=cV'
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5 Ie] �q_��qK�c�J	�_ N` M K M N�K$J�H4H ` M�H7] imprimantă
. a=^'� Hlc0 "H �5_�N` K�^��_  "H ` J�I K ` JT]��5_=^� �_CM��_! "H7JL_=c J�a"c _CM�]�I�'� �"� ��I K"�5_=^LM�Hlc HvM K�^  ` �_ ` H	�4H�^LH  �K�^6JTH � � ^ J�H!�5_�K��"aCM N�K�^ J�a4] � _�N` K�^��_  =H ` J�IbK ` ' 
 5�H�^CMhI a �;5 F!\ D � ��4

HhG"K ` M _ ]�K"� ��I K"�5_=^LM��_8� ]�_lI�M�H ` ��H�JLK�_=c��_��,JL_lIeHU^"a ` H	�-�_=^�_5J�aR^�K JLK,]Q_=c M _�' � _CJ	�_n_CpCH�M N�K a=^q_ ]��qK�N` ^"a�K M��_
` � _lI �=aLM�HL_ ` �_ �5_�K _CpLHTM N�K ^LH�pC]�K H N` K  =Hda"^ ��I�]��$I _�� ` ��H�JCK�_=c � driver

�  �a����_QJ�a�� pL] � HhG��"c K JL_  =H
� � ^  �_CM�� _ 
 ��H�^CMhI a _4]-� _CJTH ` �_8� a"^LJTM N�K ]�^CH�o�H"'
���_ pLH  =H	� J�a�� ` H ��]�_CM�H"� ]�c ] ` K�J�a � \ a=^q_�.

18.1 � � � ���
F;
 � � F�= ��*.

Line printer
� � ��D � � � ��D c _3K"� ��IbK"�5_=^LM��_

����
 D�� � ��*. 9�9!:";=< 2 � cale 4.2 etch 4\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
9�9
:";=<nc K ` M�HL_Co	�_ ��Ie] ��Ib_�� a=c"c _4K"� ��I K"�5_=^LM��_1� � ^CJ�H	���_=^�  "H7c _5c K�^�K�_ etch ` _=a  "H4c _ ��IbK"� _  �_CJ	�_ etch

c K"� ` H"N` M�H=' � K ` M _lIeHC_ ��]�_CM�H 
�]���IbK M��_ J�a � � F �*E ' � H ` ��I�H � cale
pC]�I �qK"� ` ��IeH ` �3�_=I N` K Mha"c=JL_��qK M�]$c�a"c�aqK�'

18.2 � � � ��� �
F;
 � � F�= ��*.

Line printer
5 � ��
 D � 5 � ��
 D c _ K"� ��IbK"� _=^CM��_

����
 D�� � ��*. 9�@=A,:CB
< 2 � cale 4 2 |�< y � x 4.2 <�|�z x 4 2 expresie 4.2 � 4.2 � 4 2 � 4\��;D F � � � ��F;.rJT]��5_=^� �� _
� F �!\ � ��F � F;.
��K�^LM _TG"_ H ` M�HUJL_Q_ c�a�K @=A :CB�<;�  =]�_lI J	�_ ^"a �5_�K _���_�I J�a=c ]�I K�c H=' � H ` ��I�H � cale

� ` ��I�H ` �#�_=I N` K Mha"c
JL_���K M�]�c�a"c�a�K�'

9�@"A,:CB�<QM K"���_=IeH"N` M�HRc _ K"� ��IbK"� _=^CM��_3p�_=c ]�I K�c HnHhG���I�H ` K�K�c ]�I  �_CM�H JC_���_�Ib_��4H�MhI K�' F=G"K ` M��_3J��_CM�H�p�_ � K JLK
 �K ��H�IeHl^LM N H�� _CM N �_  =H @=A :CB�<,' � �V^ ��I K"�3a"c=I+�_=^� ?�lM K"���_=IbK�I�HL_7^"a6_lIeH4c ]�J ]� �_CM��_ J�a HhGqHTJ�aLM N K�_ K�^ ` MhI�aLJ�M N K�a=^qK�K�' \ _��
Ib_CJ�M�H�I�H�c H ` a=^LM ` MhI+�_=^ ` H1� � ^ �"a � H�I �ha"c
K"� ��I K"�5_=^LM�HLK ��pLH�oCK,\ _��qK M�]$c�a"c,&�s N` K�� ^LHhG"_n\ 
 N` K�MhIbK"�5K ` H��$I a��q_CM�'
DvK"���_=IbK�IeHL_ ��H ���_=I�M K H ` H8� _CJ�H _CMha=^LJLK J	�_=^  ��"a � H�I �ha"c
H ` M�H5MhIbK"� K ` ` ��I�H K"� ��I K"�5_=^LM��_�<�_ ` M _ ` H�� � ^LM��_�� �=c��_
J	�_=^� ?.

�
�"a � H�I �fa=c
H ` M�H �"c K�^$<

�
] K�^ ` MhI�aLJ�M N K�a"^CH59�@=A :CB�<U^"a ` H4M�H�I �5K�^�� _4J�a � ` _=a Jla �

�
] p�K�I �$a"c��_��!a"^ _���] ` MhI�]	� ` _=a a=^5<�|�zUMhIeH	�=aqK H ` �_4MhI�HL_CJ	�_ ��HnI��_=^  R^L]$a$<

�
c _ ` �#�_=I N` K Mha"c���I�]��$I _��3a"c�a�K�'

��^ ` MhI�aLJTM N�K�a"^CHL_d9�@=A,:CB
< |�< K ��^C]�I+�_QJ�]�]�I  "]$^q_CM _ y
' 
 a H ` M�H H�J	��K pq_=c Hl^LM��_ J�ad9�@"A,:CB�< <�|�z x

�
��H�^LMhI�anJ	�_ |�< ^"a5MhI�H�J�HU^qK JLK ]� �_CM��_ �qH3I��_=^  R^L]�a�'

���)��jlA . & 
 <�j!� ;"<�[�@�
��
��� 9�@=A :CB�< <�|�z . ����'��
# � B�[���< .

` JlI K H5JTH�pq_  =H �"H�^=a"c
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'
'
'
'
'

��H5J	�_=^� ?� ` J	��K"� ���_=^  c K�^�K�_ 8���� � ^

��� 9�@"A,:CB�< |�<���� 
 . � . ��� '��

pC]�� ]��CM N�K�^LH�.

'�'�' '�'

18.3 � � �
�

F;
 � � F�= ��*.
to copy � _7J�]���K�_

����
 D�� � ��*. k�j=@ �
\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.
� _CJ	�_ K"� ��I K"�5_=^LM _ c�aCJ�I�HL_Co	�_ � � ^ �6]� �$I _ 
�J��4_CMha"^CJLK k�j"@ �%�"a"I N` K ` K"� �=c�a � _CJ�H ]dJ�]���K H  $a0���_

J�]$^LM N�K�^=aLMha=c�H�J�Ib_=^"a"c�a�K�'
��^ ` MhI�aLJTM N�K�a"^�K�c H ��H�^LMhI�a c�aCJ�I�a"c�J�a K"� ��I K"�5_=^LM _���� ]$c ] ` K M�H��3�_=I��_ _3_CpCHL_5]nK"� ��I K"�5_=^LM��_ J�]$^LH�J�M _CM��_��!^"a

_=a5H�� HTJ�M�'

18.4 Drivere
���_ ��IeH ` a0�=a"^LH �>J	�_3a=^ ��I�]��$I _�� _4H���H�J�Mhaq_CM7^qK�N` M�H6JC_=c J�a"c H N` K�MhI�H	�=aqK H ` �_ J�]��3a"^�K J�H3aLM K�c K oL_CM�]�I�a"c�a�K

I�H�o�a"c M _CM�Hlc H"'B� M K�c K oC_CM�]�I a=c ��]�_CM�HnJ�HlIeHUJL_  �_CM�H�c H ` _�� K 
�H _ 
 N` _CM�H���H H�JlI _=^�� ` _=aQc _UK"� ��IbK"� _=^CM��_ ` _=a
��]�_CM�HRMhIbK"� K ` H ` ��I�H a=^Z_=c M7JL_=c J�a"c _CM�]�I ��I K�^ K�^CM�H�I&��_CM N�_� "H c _ I�H�M N HL_ ` _=a � _�K N` M K�aQH�aRJ�H"' � H�M�]�_CM�H
_CJ�H ` M�H5]���H�Ib_CM N�K�K ` H4]�J�a����_7]��q_lI�M�H _5K�^LM�HlI ��I�H�M�]�I�a"c�aqK ��� ����\ ^=a0�5K M��_ driver

' � I K pCH�I H ` M�H a"^5J�aCp��_=^LM
H�^ ��c H�o�H ` J�N` K�� � ^ ` HL_��3^��_�� �VN` ]�� H�I�)
'�
 a0�4H�c H _lIb_CM��_4J	�_  �IbK pLHlI a=c � � J�]$^� �aCJ�H
) K�^�� ]�I � _CM N�K�_ ` ��IeH ��H�IbK � H�IbK J�a"c
I�H ` ��H�J�M K p�' � J�H ` M ��I�]��$I _�� ��J	�_CJLK a=^ ��I�]��$I _��>H ` M�H 
 ��I K"�4H"N` M�HRa=^ N` K�I  "HUJL_�Ib_CJ�M�H�I�H N` K MhI�H	�"a�K H ` �_��fc
MhIb_=^ ` ��]�I �4H � � ^LMhI � ]%� ]�I �7�_ JL_lIeH ` �_ 

H�� ����IbK J�H	�=aLM��_ )  "Hna=^ ��H�I K ��H�I K J='
� H J�H ` a"^LM  �IbK pLH�I�H�c H5K"� �q]�I�M _=^LM�H�(B5�H�^CMhI a5J��_ K�^CM�H�Ib_CJ�M N K�a"^LHC_ ��I�]��$I _��5_CM�]�I a=c�aqK=J�a3a"^! �IbK pLHlI H ` M�H

_CJ�H�HC_�N` K�� K�^� �K � H�I�H�^LM  =H ^�_CMha"Ib_ ��H�I K ��H�I K Jla"c�aqK ��H�JC_�I�HQ_CJ�H�c  �IbK pLH�I!� � c  =H ` H�I�pCHlN` M�H"' \ aZ_=c M�HRJ�aCpqK�^CM�H��
J�aQK�^ ` MhI aCJ�M N K�a"^qK � ]�_lIeM�H _ ` H	�-�_=^��_CM�]�_lIeH ` H ` J�I�H�_CM��_CM ��HRH�J�Ib_=^QJ	�_CMnN` K c _ K"� ��IbK"� _=^CM��_��,� ]$c ] ` K�^   $I K �
pCH�IeH  �K � HlI K M�H"' F ` M�HnMhI�HL_���_� �IbK pLHlIeH�c ]�I ` �_3MhIb_=^ ` ��]�I �4H K�^�� ]�I � _CM N K�_�� � ^LMhI �fa=^q_%� � ^CM N H�c HL_ ` �_  =H���H�IbK � H�IbK J�a"c
I�H ` ��H�J�M K p�'

F=GlK ` M��_� $I K pCH�I�H)��H�^LMhI�a�

HTJL_�I�H M K"�  "H �qHlI K � HlI K JdJL_lI�H ` H ��]�_CM�HQJ�]�^CH�J�M _ c _QJL_=c Jla"c _CM�]�I�' � _CJ	�_
K�^LpCH�^CM _CM N�K a=^��qHlI K � HlI K JR^C]�a$� MhIeH	�=aqK H ` �_ ` J�IbK H�M N�K N` K a"^  �IbK pCH�I ��H�^CMhI a HlcV'�5�H�^CMhI aRa"^ _CJ�Hlc _�N` K ��H�IbK � H�IbK J
��]"M HhG"K ` M _ �5_�K��3a"c M�H! $I K pCH�I�H  �K � H�IbK M�H"' � H �qK�c  ,�_�� ��H�^CMhI anH�J�Ib_=^��"aCM�H	� K"�5_ ��K�^q_�� ��Hnc��_=^ ���_  $I K pCH�I�a"c
HhG"K ` M�H�^CM
�5a=^"a=cvJL_lIeH ` JlI K HQJla JC_�Ib_CJ�M�H�I�H �5_�KC� � ^��$a ` M�H"' 5�Hl^LMhI�a J�HLK JL_lIeH N` M K�a _ ` _�� �=c _�I�HQH ` M�Hda"^
HhG�H�I�JLK M N K�a K�^LM�H�I�H ` _=^CM�'

F=GlK ` M��_nN` K� $I K pCH�I�H5JL_lIeH"� a"^CJ�M N�K ]$^LHL_Co	�_�� � ^ ` H�^ ` K�^CpLHlI ` �� �K�^ ` ��IeH ��H�IbK � H�IbK J ` ��I�H6JC_=c J�a"c _CM�]�I�' F!c H4J�]$^
�
pCH�IeM�H ` J  �_CM�Hlc H _CJ	�qK oLK M N�K ]�^�_CM�H  =H c _ �qHlI K � HlI K J;� � ^LMhI � ]"� ]�I �-�_ JL_�I�H _lIeH ] ` H	� ^�K 
�JL_CM N�K H ��H�^CMhI a ��I�]���Ib_��4H�c H
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JL_lIeH ` H7HhGqHTJ�aLM��_���H5JL_=c J�a=c _CM�]�I '-� ^ HhG�H	� �"c�anM K"�qK J5H ` M�H  �IbK pLH�I�a"c  "H3M _ ` M _CMha=I+�_���JL_lIeH��
JCK M K�^� RM _ ` M�H�c H
 "H c _ ��]�IeMha=I K�c H3M _ ` M _CMha=I K�K���MhIb_=^ ` � ]�I �-�_4K�^�� ]�I �5_CM N K�_�� � ^5JL_lIb_CJ�M�H�I�H��!MN�K�^��_=^  nJ�]�^CM  =H5J�a=I ` ]�I '

� _ a"^RJL_=c J�a=c _CM�]�I"� � _  =H�p��_=Ib_CM�)�� � \ H ` M�H��5_�K,Jla"I��_=^� ]72 aLJ	�_=I K H 
��  �IbK pLHlIeH�c H � _CJ���_�I�M�H  �K�^LMhI �fa=^
��I�]���Ib_�� � _lI�H JL_lIeH ^=a0�5K M

sistem de operare
' � \��fa=c&�  "H"N` K ^=a _�I�H ` K ` M�H �  =HQ]���H�Ib_lIeH�� ^�KeN` M�H

 �IbK pCH�IeH3M�]"M _�I�H"' � _7H�c H N` K c _ �4]� �a=c
� � ^5JL_lI�H ��I�HLK�_=anK�^
� ]�I � _CM NbK�_7] ` �_3^CHnaqK M��_�� _CJ�a�� '
� ��^ ^L] �6Hl^LJ�c _CMha=I _ � \ � ��I�H�c�aq_CM��_  "H c _ ����
 \ � ��� ��
  �IbK pLH�I�H�c H ��]�_lIeM��_� =H�^"a�� K�I�HL_  =H

canale
'

\ _=^q_=c H�c H _=a ^"a0�4H  "HnJ��_CM�Hn] c K M�H�I��_�'RF=GlK ` M��_  �K�^ J�]$^ ` MhI aCJ�M N K H MhI�HLK JL_=^�_=c H��  �_lI c _R_  ��_=a���_lI�HL_Ra=^L]�I
��H�IbK � H�IbK J�H �5_�K�_���_�IvN` K
_=c M�Hlc H"'

Canalul K (KEYBOARD)
 "H ` H�I�pLH"N` M�H M _ ` M _CMha=I _�' �!a=I ��IbK�^Lo��_CM�]�I��4H ` M�H a"^ JL_=^q_=c ��K  �K�I�H�J�M N K ]�^q_=c&�

_  �K J	�_ ` H�I�pCHlN` M�Hn_CM��_CM c _7JLK M K�IeHC_  �_CM�H�c ]�I �  "Hnc _7M _ ` M _CMha=I+�_ 
 J��_CM N` K,c _ ` J�IbK H�I�HL_Uc ]�I�'

Canalul S (SCREEN)
 =H ` H�I�pCHlN` M�H3H�J�Ib_=^"a=cV'6F ` M�H3a"^ JC_=^q_=c!a"^qK  �K�IeHTJ�M NhK ]�^�_=c0 "H3K HlN` K�I�H"'

Canalul P (PRINTER)
�qHl^LMhI�a K"� ��IbK"� _=^CM��_�' F ` M�H a=^ JL_=^�_=c
a=^qK  �K�IeH�JTM N K ]$^q_=cV'

\ _=c J�a"c _CM�]�I�a"c D � 4"� �C�
compatibil

J�a � \ � _  �K J	�_UM�]�_CM�H���I�]���Ib_��4H�c H JL_lI�H��4H�I � �qH a=^"a"c �4H�I �
N` K ��HnJ�Hlc��_=c _=c M 

� _�I�H N` K _=c M�H JC_=^q_=c H�. � � �*�14 � �!� � ' 5$H�^LMhI�a  "H�M _=c K�K�� MhIbK"� K M�H	� c _3JL_�I�M�HL_UM�H	�=^qK J	�_ _
D���4�� � a"c�a�K�'

5�H�^CMhI a _ �"aLM�HC_QMhIbK"� K M�H�'�JLK M K  �_CM�Hlc H ` ��IeH�'	 "H c _ a=^QJL_=^q_=c H ` M�H ��I�H�p�� _Co�aLM a"^ �4H�JL_=^qK ` � ` a��"c K �
�4H�^LM _lI ' � pCH	�>&�


căi
� ^"a��6H�I�]"M _CM�H  "HUc _ �Uc _U&�s!' �"�5_ ��K�^CHL_ ��H5JL_lIeH3MhI�H	�"a�K H ` �_3^CH�� ]�� _CJ�H	� H ` M�H

a"I �-�_CM�]�_lI�HL_�.

5 I�]��$I _��4H
�

�R&48n?7Ens 
 � � �R&��U&"&n&C8 &C? &TEQ&�s

E � 5
� � �

M _ ` M _CMha=I _ H�J�Ib_=^ K"� ��IbK"� _=^CM _

� ��^7� � JlaLM K�_ ) ��H JC_�I�H _��  =H ` Hl^q_CM���] �5_�K ` a ` ��� � ^LMhI�H J	�_�K � � �,&�s 
 N` KlJL_=^q_=c H � E����;��5�
 ��]"M HhGlK ` M _7^qK�N` M�H
� � J�]$^LHhG"K�a"^�K )
' \1�_�K�c H ��]"M 


ı̂nchise
�
N` K�_CMha"^CJLK ^"a ` a"^CM J�]$^LH�J�M _CM�H4J�a3^qK JCK!a"^5JL_=^�_=c ` _=a deschise

�
N` K
_CMha"^CJLK!H�c H ` a"^CM J�]�^CH�J�M _CM�H3J�a a=^ JL_=^�_=cV' � ]�� pLH  =HL_ K"�4H  �K�_CM J�a0� ` H�� _CJ N` K!J�a�� ` H  =H ` � _CJ3_CJ�H ` M�H
J�]$^LHhG"K�a"^�K�' �?2 a"^��=H ` �_ ` �=a"^CH	� J	�_��	 �_CJ��_ _�� JT]�^LHTJ�M _CM JL_=c HL_!� J�a JC_=^q_=c�a"c�E��"_CMha=^LJLK
M�]�_CM�H  �_CM�H�c H �qH
JL_lIeH ��I�]��$I _��3a"c�c H4p�_ ` J�IbK H ��H5JC_=c HL_ �7pC]�I _�2ha=^��"H3c _7JL_=^q_=c�a=c E N` K�M�]�_CM�H  �_CM�H�c H ��H5JL_lIeH ��I�]���Ib_��3a"c
c H4pq_7JLK M K  "Hnc _ JL_=c HL_ �7pL]�I pCH�^�K� =Hnc _5JC_=^q_=c�a"c;E ' � _CJ	�_4]nJC_=c H6H ` M�H5J�]$^LH�JTM _CM��_ c _5JL_=^�_=c�a"c � ` _=a 5��
_CMha"^CJLK  "H �qH7HL_n^=a ` H ��]=MvJLK M K  �_CM�H���J	�_CJLK
_CJTH ` M�H5JC_=^q_=c H ` a"^LM4a=^qK  �K�IeH�JTM N K ]$^q_=c H"'

� _ �q]�I�^qK�I�HL_3JL_=c Jla"c _CM�]�I�a"c�aqK ` a"^CM��#�_CJ�aCM�H5_=aLM�]��5_CM a"I �7�_CM�]�_lIeHlc H J�]$^LHhG"K�a"^�K�.

�R&48n?7Ens 
 � � �R&��U&"&n&C8 &C? &TEQ&�s

E � 5
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_  �K J��_3_CpLH	�Oc H ��_CM�H�.

J	�_�K�c H!� N` K & J�a JL_=^�_=c�a"c E
JL_=c HL_38 J�a JL_=^�_=c�a"c �
JL_=c HL_3? J�a JL_=^�_=c�a"c 5
J	�_�K�c H E	��&�s ` a"^CM � � ^LJ	��K ` H

18.5 � �
�
���

F;
 � � F�= ��*.
to open � _  "H ` J	��K  "H�� � � ��I�H ` J�a=IeM _lI�H ��H�^CMhI a(� ��^"I�)

����
 D�� � ��*. j=@�[=B �
cale � canal\��;D F � � � ��F;.rJT]��5_=^� ��_

� F �!\ � ��F � F;.
� J�HL_ ` M��_7J�]��5_=^� ,�_8��_CJ�H5]nJ�]$^LHhG"K�a"^CHnJL_=c H���JL_=^q_=cV'

cale ` ��H�JLK 
�JL_CM��_3H ` M�Hnc H ��_CM��_  "H canal ` ��H�J��K 
�JL_CM�'
cale

MhI�H	�"a�K H ` �_�
�Hda"^ ^"a0�-�_=I J�a���I K�^ ` � � ^LMhI�H � N` K &�s!'�� _CJ	�_ZH ` M�H �5_�K �5_�I�H JC_ 8ls"s ` H
]��CM N�K�^LH3H�I�]�_lIeHL_ � ' � _CJ	�_5H ` M�H ��H ` M�H�&Ts ` H5] �LM N�K�^CH H�I�]�_lI�HL_ �7'!\ _=^�_=c�a"c�H ` M�H K�^  �K JL_CM ��I K�^CMhI&��]Qc K M�HlI+�_��
�5_�2ha ` J�a"c��_ ` _=a �5K�^"a ` J�a=c��_��� �K�^LMhI�H5J�H�c H5MhI�HLK�. � ������� � � ` _=a � � ��'

18.6 � � � � � �
F;
 � � F�= ��*.

to close � _0� � ^LJ��qK  "H
����
 D�� � ��*. k=9�j�;=[ �

cale\��;D F � � � ��F;.rJT]��5_=^� ��_
� F �!\ � ��F � F;.

� ��^LJ	��K  "H3JL_=c HL_ ` ��H�JCK 

JC_CM��_�' Atenţie
. M�H�^CM _CM K pq_  =H _�� � ^CJ	�qK  =H5]nJL_=c Hn^CH  "H ` J	��K ` �_ ` H ` ]$c  "HL_Co��_4J�a

JL_CM _ ` MhIe]�� H$�
� ��^LJ�H�I�JL_lIeHC_  "H _�� � ^LJ	��K  "Hda=^q_  �K�^ J	�_�K�c H�� � ? ` H ` ]$c  "HL_Co��_ J�adIeH  "H ` J	�qK  =H"I�HL_ c ]�I6_=aLM�] � _CM��_ �qH

JL_=^�_=c�a"c
K�^qK M N K�_=cV'

���_ pLH  =H	� _CJ�a�� J�H K�^ ` MhI�aLJ�M N�K�a"^�K �q]=MvMhIb_=^ ` � H�Ib_  �_CM�H ��IbK�^ JL_=^�_=c H"'
F=GlK ` M��_3^=a0�5_�K �q_CMhI�a K�^ ` MhI�aLJ�M N�K�a"^�K ��������\RJL_�I�H ��]"M!� _CJ�H5_CJ�H ` M4c�aLJlI a�< K�_CM��_��fc H�. @=A,:CB
< � 9�@=A,:CB
<�
��

:CB�@"Y�<;�=9
:";=< � 9�9!:";=< 
 N` K :CB�~
[ ��� �,'
��K HTJL_�I�H� �K�^ K�^ ` MhI�aLJTM N�K�a"^�K�c H� "H �5_�K ` a ` c�aCJ�I�HL_Co	�_�� � ^ �4]  dK"� �"c K JLK M ��HR] JL_=c H"' 5�Hl^LMhI�a 

HTJL_�I�H

 �K�^CMhIeHUH�c H��=aLM�H	� ` J	��K"� ��_UJL_=c HL_�� _  ��_=a��,�_=^� -� � ^�K�^ ` MhI aCJ�M N�K�a=^LH  �K�IeHTJ�M K pq_ � cale
' D,]=M J�H a"I �6HL_Co��_

 �a����_��q_lIb_��6H�MhI�a"c  "H K�^  �K JL_lIeH _ J	�_�K�K!p�_ 
 pLH	��K J�a"c _CM �qHnJC_=c HL_ K�^  �K JL_CM��_�' � ��^LJ�HlIeJL_lI�HL_� "Hn_npCH	��K J�a"c _
 �_CM�H �qH7] JL_=c H3K�^LHhG"K ` M�H�^CM��_ ` _=a�� � ^LJ	��K ` �_ ` H ` ]$c  "HL_Co	�_5Jla �6H ` _�2ha=c��7'

�
@"A,:CB�<nH ` M�H4H�J��qK p�_=c H�^LM J�a @=A,:CB
< � � ��@=A :CB�<Rc�aLJlIeHL_Co��_0� � ^ �6]� R^L]�I �5_=c���H6JC_=c HL_n8 
�<

�
9�@=A,:CB�< H ` M�H5H�J	��K pq_=c Hl^LM Jla 9�@=A :CB�< � # � ` _=a5J�a @=A,:CB�< � # 

<

�
:LB�@=Y�<nH ` M�H5K"� �"c K JLK M :CB�@"Y�< ����<

�
9
:";=<nH ` M�H69!:";=< ����<
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�
9�9!:";=<nH ` M�H49�9!:";"< � # <

�
:LB�~�[ ����� � ^-� ]�I �5_5HLK  =H'� a=^LJ�M N�K H ��������\ � ^=aQc�aLJlIeHL_Co��_-��]�c ] ` K�^� RJ	�_�K�c H$�RF=G"K ` M��_3]RK�^ ` MhI aCJ�M N K�a"^LH
JL_�I�H � � ^LM��_�� �=c��_CM�]�I�_�I�H6_CJ�Hlc _�N` K!^=a0�4H��!:CB�~�[ ��� � �lJL_�I�H3c�aLJ�I�HL_Co	� _ ��H ]3JL_=c H ` ��H�JLK 
�JL_CM��_nN` K
JLK M�H"N` M�H
a"^5JL_lI _CJTM�H�I  =H �qH3_CJ�HL_7JL_=c H"' :CB�~�[ � � �U^"a �4H�I �"H ��H5J��_�K�_ ` ]�JCK�_CM�H JL_=^�_=c�a"c�aqK1E ',F�_5_lIeH ` H�^ `
^"a0�5_�K  �a����_nJ�]$^LH�J�M _lI�HL_ a"^L]�I ^L]�K  �IbK pLH�I�HQN` K� "H ` J	�qK  =H�I�HL_QJC_=^q_=c H�c H�c ]�I JT]�I�H ` �=a"^Lo��_CM�]�_=I�H"' � ^
HhGqH � �=c�a5H ` M�Hnc�aCJ�I�a"c�J�a  �K ` Jla"c&�,c _7JL_lIeH7pL] � I�H�pCH�^qK�'

D,H�^LM _CM K p�_  "H3_3JLK M K� �_CM�H  =H ��H5]nJL_=c H _ ` ]�JLK�_CM��_ a"^=aqK!JL_=^�_=c�JL_�I�HU^"a _lI�H K�^LMhIb_�I�H ` _=a  "Hn_ ` J�I K H
 �_CM�H �qH a"^5JL_=^�_=c�JL_�I�Hn^=a _�I�H K H"N` K�IeH ` H ` ]�c  "HC_Co	�_7J�a5H�I�]�_lIeHC_ ��'

� I��_��5_ ` ^LH�c��_�� a=I K M��_ � � ^LMhI�H	��_�I�HL_�. Jla0�  "H H ` M�H4JL_=^�_=c�a"c;E N` K
JL_=^q_=c� "H5K H"N` K�IeH�( ��K"� �=c�a$. JL_=^q_=c�a=c�aqK
M _ ` M _CMha=I K�K,� � K!H ` M�HR_ ` ]�JLK�_CM��_ JL_ ��H�I K ��H�I K J  "HRK HlN` K�I�HR^qK"�5K J _=c M�J�H�p�_  "H�J	� _CM �q_lIeM�HL_  "H*2�] ` _nHTJ�I _=^=a"c�a�K �
��_CM��_7J	�_8� � ^LJ�H �qH � ` �_�� � ^LM N H�c H �"H	�  =HnJ�HR:CB
@=Y�< ` J�IbK Hn_CJ�]�c ]RM�HhG�M�H�c H-/.��H�^CMhI aRJ	�_%��]�c ] ` H"N` M�H3JL_=c HL_��,�
_ ` ]�JLK�_CM��_! "H7]��qK JTHLK�JC_=^q_=c�a"c�a�K E '

5 aLM�H	� � _CJ�H c�aLJ�I�a"IbK,K�^LM�H�I�H ` _=^LM�H��  �K�I K 2 �_=^   �_CM�H�c H ��H _=c M��_4JL_=c H! "HTJ	�_CM J�HL_3] �qK�N` ^=aqK M��_�'
� ` M���H�c�@=A,:CB�< ��� pq_7M K"���_=I K � � ^ ��_�I�M�HL_  =H�2�] ` _7H�J�Ib_=^"a=c�aqK�'
:CB
@=Y�< ��� pq_UM K"���_=I K ��H H�J�Ib_=^��&� � ^ ` �_R^"aRp�_��=aLM�HL_ZJ�H�I�H p�_=c ]�I K ��H�^LMhI�aQHhG���IeH ` K�K ��H HTJ�I _=^�� J	�_CJLK

JL_=^�_=c�a"c �UH ` M�H3a=^qK  �K�I�H�J�M NhK ]�^q_=c 
T'
� ��^LJ�H�I�JL_CM N K�@=A,:CB
< � ���R|�<�� � �����C9,2 . 2 - � # � � @�|"Y
;=[��5 aLM�H	� ` �_0� _CJTH	� a=^ ��Ie] ��Ib_�� ` �_ M K"���_=I�HL_ ` J	�_ M�]"Mha=c�c _4K"� ��IbK"�5_=^LM��_ � � ^ c ]�J ` �_ ` J�I K H ��H6HTJ�I _=^����#� _=I+�_

_ ` J��qK"� �q_n] ` K�^ ��a"I��_Uc K�^�K H  �K�^���Ie] ��Ib_��A. ��H�^LMhI�a J	�_3@=A :CB�< H3M�]"Mha=^q_ J�an@"A,:CB�< �����
MhI�H	�=aqK H  "]�_�I
` �_ �3aLM��_�� JC_=c HL_ 8Uc _3_=c M JL_=^�_=cV' � ��^5JL_Co�a=c,^L] ` MhI�anc _5JL_=^�_=c�a"c E�.

j=@�["B ��� � � � �A�Y�B

F � _�K ��I�H�a ` �_ ` J��qK"� ���_�� JL_=^q_=c�a=c _ ` ]�JCK�_CMnJ	�_�K�K &��!��H�^CMhI adJ	�_ 
�H�JL_lIeH :CB
@=Y�<B��_CJ�H _=aLM�] � _CM
j=@�["B�� � � � ����'��]�c ] ` K�^  �_ ` _�� �"c _lI�H � J�]� �� �5_�N` K�^��_ 
 �"aCM�H�M N K ` J�IbK HU^L]�K  $I K pCH�I�H���H JL_lI�H ` �_ c H _  ,�_=a���_CM N�K!J�H�c ]�I HhG"K ` �
M�H�^CM�H"'*5 aLM�HTM N�K"JlIeHL_ ^L]�K� $I K pCH�I�H ��H�^CMhI a5HTJ�I _=^�. JL_lIeH ` �_ �"H ` M K ]�^CH�o�H5a=^ ` K ` M�H	�� =H�� H�I�H ` MhI�H�� ` �_ ` J�IbK H J�a
_=c M�H ` H�Mha"IbK  "H5JL_lIb_CJ�M�H�I�H N` '�_�' �n'  
' 5 I�]��$I _��4H�c H pC]�_ ` MhI�H ��������\RpL]�I �=aLM�HL_ I+�_��7�_=^LH _CJ�H�c HL_�N` K��
K�^  �K � H�I �
H�^CM  =H6JC_=^q_=c H�c H4JL_lIeH4pC]�I 
�� ]�c ] ` K M�H�.  "]�_�I,]nK�^ ` MhI�aLJTM N�K�a"^CH5j"@�[=B ��� � '�'npq_ � _CJ�H M�]�_CM�H @=A,:CB
<��ha"IbK�c H
` �_3c�aLJlIeH�oTH5J�a ^C]�K�c H5JC_=^q_=c H '�','���_CM��_ J��_CM  "H8@�HhGlK"��K�c�H ` M�H3_CJ�H ` M ` K ` M�H	� �

Notă
. �5_�K!HhGlK ` M��_8� � ^LJ	�_3MhIeHLK J	�_�K��!JL_lI�H*� � ^ ` �_U^"a�� K ` a"^CM5_CJ�J�H ` K"�qK�c H ����� �V\,�fa=c�aqK�<,Hlc H ` a"^CM8� ]�c ] ` K M�H

 "H3K�^LM�H�I ��IeHTM�]�I a=c ����� �V\ ��H�^LMhI�anMhIeH �"a"IbK�c H�� K,K�^LM�H�I�^LH�.

�
JL_=c HL_58ls�?��=_ ` ]�JLK�_CM��_ JL_=^q_=c�a=c�aqK �T~ ��.���]�c ] ` K M��_ c _4H  �K M _lIeHL_ � ` JlI K H�I�HL_ 
 ��I�]��$I _��4H�c ]�I N` K$c _4_ 
 N` _lIeHC_
�6H ` _�2�H�c ]�I  =H5H�I�]�_lIeH�<

�
JL_=c HL_d8�s=E?� _ ` ]�JLK�_CM��_ JL_=^�_=c�a"c�aqK ��; ��. � ]$c ] ` K M��_ ��H�^LMhI�a _ �"H�^CH�I _ c K ` M K�^ ��a"IbK�c H _=aCM�]��5_CM�H � a"^
c K ` M K�^��n_=aLM�] � _CM H ` M�H5_CJ�H�c _7JL_�I�H5_��q_lIeH!� � ^4M K"� � J�H ` J�IbK H�M N�K a"^ ��I�]���Ib_��  �a����_ J�H5K�^LMhI�]  $aLJ�HTM N K
]
c K�^qK H 
�<

�
JL_=c HL_Q8ls"s?� JC_�I�H � ]�c ] ` H"N` M�HnJL_=^q_=c�a=c �TA���� �:� �1E �;5�� \ F�
�/�a"^QJL_=^�_=c JL_lI�HQ^"aQHQ_CJ�JTH ` K"��K�c
��������\��ha"c�aqK�' F ` M�H8� ]$c ] ` K M��_!��H�^CMhI anMhIb_=^ ` ��H�I a=c� �_CM�H�c ]�I,� � ^LMhI�H5o�]$^LH! "H �6H	�4]�IbK H"'
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� _�IbK�_��qK�c _ ` K ` M�H	� ��D �14 � � 8"?ls 
�� 
 I�H�M N�K�^CH  �_CM�H�c H  =H ` ��I�HnJL_=^�_=c�a"c _ ` ]�JLK�_CM 
�H�J	� _=IeHCK!J	�_�K�' � ��^ o�]$^q_
 "H �4H	�4]�I K HnJL_lI�H7� � ^LJ�H �qH c _�� \ � �*
 � 
 ` H�_�@;�_� �_CM�H�c H� =H ` ��I�H 
�H�JL_lIeH JL_=^q_=c � ^=a0�4H�c H N` K _  $IeH ` H�c H
 �IbK pCH�IeHlc ]�IvJL_lIeHn_ ` K �$a"I��_nK�^CMhI _lIeHC_QN` K K H"N` K�I�HL_ �qHn_CJ�H�c,JL_=^�_=c&<  �_CJ��_Ua"^�_  �K�^nH�c HU^"a H ` M�H ` a0��]�I�M _CM��_  "H
_CJ�H�c�JC_=^q_=c&�
_CJT]�c ] ` H �,�_ ` H"N` M�H6_  $IeH ` _Ua"^CHLK I�aLM K�^LH  "H5H�I�]�_lI�H 
�'

18.7 Discul
� J�H ` M �qHlI K � HlI K J3]� �_CM��_7K�^LMhI�]  $a ` HhGqM K�^  "H ��������\��ha"c�J�a ^C]�K!K�^ ` MhI aCJ�M N�K�a=^qK�'
� I K pCH�I�H�c H� "H  �K ` J ` a=^LM ��I�]��$I _��4H-� ]�_lI�M�H  "H"N` M�H	�LM�H�� JL_lIeH�� _CJ  �K�^  �K ` JRa"^ ` a���]�IeM  =H��4H	�4]�I K H

HhG�M�H�I�^'� ]�_�I�M�H5_CMhI _CJ�M K p�' F!c H5_���_�I ]� �_CM��_4J�a �6]$^LM _lIeHC_5K�^LM�H�I � H�M N�HLK  "H  �K ` J"'
5�H�^CMhI aRJ	�_�K�^ ` MhI�aLJ�M N�K�a"^�K�c H  "H� �K ` JR^"a ��_CJ��q_lIeM�H  �K�^ ��������\��ha"c ` M _=^� �_lI  ?� c H pC]�� ��I�H�o�Hl^LM _ �qH

` Jla"I�M
.

Extensii ale comenzilor pentru casetofon
�
9�j=|"{ �

specificator
<

�
;=| ��[��

specificator
<

�
��[=A
x�[!�

specificator
<

�
��[=A :	� �!�

specificator
<

a"^� =H
specificator

_�I�H8� ]�I �5_�.

aparat
�

nr aparat
�

nume fişier
� aparat

H ` M�H � ���!��H�^CMhI a  �K ` J N` K � 
�� ��H�^CMhI a microdrive
� a"^�K M _CM�H5_=aLM�]��5_CM��_  =H �q_=^� ,�_ 


� a=^ ��H�IbK � H�IbK J ^=a ��IeHC_UI+�_ ` ���_=^� �K M 

<
� nr aparat

H ` M�Hn^=a0�-�_=I�a"c�a=^qK M��_CM N K�K � � ��8 ��H�^LMhI�a  �K ` J���� ��� ��H�^CMhI a��5K J�I�]  $I K pCH 
�<
� nume fişier

H ` M�H4JL_ c _5K�^ ` MhI�aLJ�M N K�a"^�K�c H ��������\� "H3c�aLJ�I�a Jla5JL_ ` H�M�]�� ]�^=a"c � J�a k�jl{�[nH�M�J"' 
�'

Comenzi noi
�
k=|�<

nr
��I�]  $aLJ�H3]Rc K ` M��_4_ 
 N` K HlIeH�c ]�I  "H ��Hna=^qK M _CM�HL_  =H  �K ` J nr

<
�
[=A�|
;=[

specificator
N` M�H�I �"H 
 N` K HlI a=c ` ��H�JLK 
�JL_CM
<

�
��jlA ��|�<

specificator
I�HLK�^qK M N�K�_=c K o�HL_Co	�_! �K ` J�a"c�� � � c
N` M�H�I �"H5J�] � �=c H�M 

<

�
��j���[

specificator1
<�j

specificator2
J�] �qK�_Co	�_ 
 N` K H�I�a"c	 �_CM  "H!��IbK"� _ ` �qHTJLK 
�JL_CM N�K H;� � ^LMhI �

a"^ 
 N` K H�I Jla _  "]�a�_ ` ��H�JLK 
�JL_CM N K H"'

Comenzi de căi pentru disc
�
j=@�["B��

cale � specificator
_ ` ]�JLK�_Co��_5_CJ�HC_3JL_=c H3a"^"a�K 
 N` K H�I�<
_CMha=^LJLK�.

–
@=A,:LB�< �

cale � 9!:";=< � cale
pL]�I ` J�IbK H�� � ^ _CJ�H�c 
 N` K H�I <

–
:CB�@"Y�< �

cale
�

var
p�_5JLK M K$p�_=c ]�_lIeHL_7p�_�IbK�_��qK�c HLK  �K�^ 
 N` K H�I�<

–
:CB�~
[ ��� �

cale
p�_7JLK M K,a=^ JL_lIb_CJ�M�H�I  �K�^ 
 N` K H�I '

Comenzi ,,ad-hoc”
�
��j���[ � � � � � <�j � � � � � /}M�]�_CM�H K�^
� ]�I � _CM NbK�K�c HnMhIbK"� K ` H ��H���IbK"� _ JL_=c H pC]�Iv_�2ha=^��"H ��H�_
 "]$aq_�<

�
k=9�[�|=A �8� � ^LJ��qK  "H3M�]�_CM�H4J	�_�K�c H  =H ` J	��K ` H�<

�
k=9�;��QN` M�H�I �"H5H�JlI _=^=a"c N` K!_  �aCJ�H3J�a"c ]�IbK�c H3c _5J�Hlc Hn^L]�I � _=c H='

140



18.8 Exerciţ ii
� \ _�� �"aLM N�K�^LH N` K�JC_�� ` a0�CM N�K�I�H�c H"' 


&=' ��J�]�_CM�HTM N�K,c _3K"� ��IbK"�5_=^LM��_ ��Ib_ 
�J�a"c�� a=^LJ�M N�K HLK ` K�^"a ` '
8$'4F=G ��H�IbK"�6Hl^LM _CM N�K c�aLJ�I�a"c!J�a5JL_=^q_=c Hlc H � ^"a _lI�H I�H�o�]$c pq_lI�H�� � ^5JL_lIeM�H 
T'
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Appendix A

Erorile

Cod Text Traducere� ���
totul e ı̂n regulă� ������	�

����������������� ������	

fără
�����

� �����
�������� "!�����#�����!�$
variabila nu a fost găsită% &�����'�(��
�*)��+
�����!�,
indice (de matrice) greşit- �����.��#0/� �/�����1
s-a terminat memoria2 �����.��#3'�(��� � �!
ı̂n afara ecranului4 ����/��� ��������5�6��,
număr prea mare7 ����	�8�����

������������9���&�8�: ����	�8����

fără
9���&�8�:

; ��!�$.��#<#
���� 
sfârşit de fişier= &�	���>?'������� �/� �!��
instrucţiune

&�	���>
@ A�!�B����C��$�����,���/� �!��

argument nepotrivit: A�!��� �,� ��������.��#<����!�,� 
număr ı̂ntreg ı̂n afara limitelor (admise)D ����!�'� �!�'� <�*!.:�@�&EA�D
nu are sens ı̂n BASIC (eroare de sintaxă)F :�����@��?G0D�����	��� �)� �����'
BREAK,

D�����	CA���8��
repetă (instrucţiunea)� �����.��#<F�@�	�@

s-a terminat lista
F�@�	�@

� A�!�B����C��$�#
���� 5!���/� 
nume incorect de fişier9 ����������/<#����.�C�*!� 
nu mai e spaţiu pentru linia (nouă)H &�	���>I�*!JA���>�8�	 &�	���>

la
A���>�8�	

A �����?

������������������	 �����
fără

������	
K A�!�B����C��$<AML���$� �B
��(� 

dispozitiv de intrare/ieşire incorect� A�!�B����C��$�(����������
culoare incorectăN :�����@��I�*!����5)�����,�����/
program ı̂ntrerupt cu BREAKO ��@�O�	���>�!���,�����$
valoare greşită pentru RAMTOP� &������� �/� �!��P����'��
instrucţiunea s-a pierdut� A�!�B����C��$�'����� ���/
calea aleasă este greşită> ���?

������������F���� ���

fără
F����RQS���

T >�������/� ��� ��P ��������
parametri eronaţi� 	���)� �������$
�*!�,� ��������
eroare de citire de pe bandă

Modul de afişare al erorilor este
(���$<O���&�@CK6UWV�V�V�VYXS1�1�1�1

, unde

Z xxxx este eticheta liniei unde a survenit eroarea;
Z yyyy este numărul comenzii ı̂n linie, la a cărei execuţie a survenit eroarea.
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Appendix B

Setul de caractere HC

Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED

0 00 nefolosit NOP RLC B
1 01 nefolosit LD BC,nn RLC C
2 02 nefolosit LD (BC),A RLC D
3 03 nefolosit INC BC RLC E
4 04 nefolosit INC B RLC H
5 05 nefolosit DEC B RLC L
6 06 PRINT virgulă LD B,n RLC (HL)
7 07 EDIT RLCA RLC A
8 08 � EX AF,AF’ RRC B
9 09 � ADD HL,BC RRC C

10 0A � LD A,(BC) RRC D
11 0B � DEC BC RRC E
12 0C DELETE INC C RRC H
13 0D ENTER DEC C RRC L
14 0E urm. număr LD C,n RRC (HL)
15 0F nefolosit RRCA RRC A
16 10 Ctrl. INK DJNZ dis RL B
17 11 Ctrl. PAPER LD DE,nn RL C
18 12 Ctrl. FLASH LD (DE),A RL D
19 13 Ctrl. BRIGHT INC DE RL E
20 14 Ctrl. INVERSE INC D RL H
21 15 Ctrl. OVER DEC D RL L
22 16 Ctrl. AT LD D.n RL (HL)
23 17 Ctrl. TAB RLA RL A
24 18 nefolosit JR dis RR B
25 19 nefolosit ADD HL,DE RR C
26 1A nefolosit LD A,(DE) RR D
27 1B nefolosit DEC DE RR E
28 1C nefolosit INC E RR H
29 1D nefolosit DEC E RR L
30 1E nefolosit LD E,n RR (HL)
31 1F nefolosit RRA RR A
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Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED

32 20 blanc JR NZ,dis SLA B
33 21 � LD HL,nn SLA C
34 22 � LD (nn),HL SLA D
35 23 � INC HL SLA E
36 24 � INC H SLA H
37 25 � DEC H SLA L
38 26 � LD H,n SLA (HL)
39 27 � DAA SLA A
40 28

Q
JR Z,dis SRA B

41 29 � ADD HL,HL SRA C
42 2A � LD HL,(nn) SRA D
43 2B 	 DEC HL SRA E
44 2C

U
INC L SRA H

45 2D
G

DEC L SRA L
46 2E 
 LD L,n SRA (HL)
47 2F

L
CPL SRA A

48 30
�

JR NC,dis sls B
49 31

�
LD SP,(nn) sls C

50 32
�

LD (nn),A sls D
51 33

%
INC SP sls E

52 34
-

INC (HL) sls H
53 35

2
DEC (HL) sls L

54 36
4

LD (HL),n sls (HL)
55 37

7
SCF sls A

56 38
;

JR C,dis SRL B
57 39

=
ADD HL,SP SRL C

58 3A
X

LD A,(nn) SRL D
59 3B � DEC SP SRL E
60 3C � INC A SRL H
61 3D 
 DEC A SRL L
62 3E � LD A,n SRL (HL)
63 3F � CCF SRL A
64 40 � LD B,B BIT 0,B IN B,(C)
65 41

@
LD B,C BIT 0,C OUT (C),B

66 42
:

LD B,D BIT 0,D SBC HL,BC
67 43

D
LD B,E BIT 0,E LD (nn),BC

68 44
F

LD B,H BIT 0,H NEG
69 45

�
LD B,L BIT 0,L RETN

70 46
�

LD B,(HL) BIT 0,(HL) IM 0
71 47

9
LD B,A BIT 0,A LD I,A

72 48
H

LD C,B BIT 1,B IN C,(C)
73 49

A
LD C,C BIT 1,C OUT (C),C

74 4A
K

LD C,D BIT 1,D ADC HL,BC
75 4B

�
LD C,E BIT 1,E LD BC,(nn)

76 4C
N

LD C,H BIT 1,H
77 4D

O
LD C,L BIT 1,L RETI

78 4E
�

LD C,(HL) BIT 1,(HL)
79 4F

�
LD C,A BIT 1,A LD R,A

80 50
>

LD D,B BIT 2,B IN D,(C)
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Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED

81 51
T

LD D,C BIT 2,C OUT (C),D
82 52

�
LD D,D BIT 2,D SBC HL,DE

83 53
&

LD D,E BIT 2,E LD (nn),DE
84 54

	
LD D,H BIT 2,H

85 55
8

LD D,L BIT 2,L
86 56

�
LD D,(HL) BIT 2,(HL) IM 1

87 57 � LD D,A BIT 2,A LD A,I
88 58

�
LD E,B BIT 3,B IN E,(C)

89 59 � LD E,C BIT 3,C OUT (C),E
90 5A � LD E,D BIT 3,D ADC HL,DE
91 5B � LD E,E BIT 3,E LD DE,(nn)
92 5C � LD E,H BIT 3,H
93 5D � LD E,L BIT 3,L
94 5E � LD E,(HL) BIT 3,(HL) IM 2
95 5F � LD E,A BIT 3,A LD A,R
96 60 $ LD H,B BIT 4,B IN H,(C)
97 61

�
LD H,C BIT 4,C OUT (C),H

98 62
�

LD H,D BIT 4,D SBC HL,HL
99 63

(
LD H,E BIT 4,E LD (nn),HL

100 64
$

LD H,H BIT 4,H
101 65

 
LD H,L BIT 4,L

102 66
#

LD H,(HL) BIT 4,(HL)
103 67

,
LD H,A BIT 4,A RRD

104 68
�

LD L,B BIT 5,B IN L,(C)
105 69

�
LD L,C BIT 5,C OUT (C),L

106 6A � LD L,D BIT 5,D ADC HL,HL
107 6B 	 LD L,E BIT 5,E LD HL,(nn)
108 6C

�
LD L,H BIT 5,H

109 6D
/

LD L,L BIT 5,L
110 6E

!
LD L,(HL) BIT 5,(HL)

111 6F
�

LD L,A BIT 5,A RLD
112 70

)
LD (HL),B BIT 6,B IN F,(C)

113 71 
 LD (HL),C BIT 6,C
114 72

�
LD (HL),D BIT 6,D

115 73
'

LD (HL),E BIT 6,E SBC HL,SP
116 74

�
LD (HL),H BIT 6,H LD (nn),SP

117 75
�

LD (HL),L BIT 6,L
118 76

B
HALT BIT 6,(HL)

119 77



LD (HL),A BIT 6,A
120 78

V
LD A,B BIT 7,B

121 79
1

LD A,C BIT 7,C IN A,(C)
122 7A � LD A,D BIT 7,D OUT (C),A
123 7B � LD A,E BIT 7,E ADC HL,SP
124 7C — LD A,H BIT 7,H LD SP,(nn)
125 7D 
 LD A,L BIT 7,L
126 7E � LD A,(HL) BIT 7,(HL)
127 7F (C) LD A,A BIT 7,A
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Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED
128 80 semigrafic 0 ADD A,B RES 0,B
129 81 semigrafic 1 ADD A,C RES 0,C
130 82 semigrafic 2 ADD A,D RES 0,D
131 83 semigrafic 3 ADD A,E RES 0,E
132 84 semigrafic 4 ADD A,H RES 0,H
133 85 semigrafic 5 ADD A,L RES 0,L
134 86 semigrafic 6 ADD A,(HL) RES 0,(HL)
135 87 semigrafic 7 ADD A,D RES 0,A
136 88 semigrafic 8 ADC A,B RES 1,B
137 89 semigrafic 9 ADC A,C RES 1,C
138 8A semigrafic 10 ADC A,D RES 1,D
139 8B semigrafic 11 ADC A,E RES 1,E
140 8C semigrafic 12 ADC A,H RES 1,H
141 8D semigrafic 13 ADC A,L RES 1,L
142 8E semigrafic 14 ADC A,(HL) RES 1,(HL)
143 8F semigrafic 15 ADC A,A RES 1,A
144 90 UDG a SUB B RES 2,B
145 91 UDG b SUB C RES 2,C
146 92 UDG c SUB D RES 2,D
147 93 UDG d SUB E RES 2,E
148 94 UDG e SUB H RES 2,H
149 95 UDG f SUB L RES 2,L
150 96 UDG g SUB (HL) RES 2,(HL)
151 97 UDG h SUB A RES 2,A
152 98 UDG i SBC A,B RES 3,B
153 99 UDG j SBC A,C RES 3,C
154 9A UDG k SBC A,D RES 3,D
155 9B UDG l SBC A,E RES 3,E
156 9C UDG m SBC A,H RES 3,H
157 9D UDG n SBC A,L RES 3,L
158 9E UDG o SBC A,(HL) RES 3,(HL)
159 9F UDG p SBC A,A RES 3,A
160 A0 UDG q AND B RES 4,B LDI
161 A1 UDG r AND C RES 4,C CPI
162 A2 UDG s AND D RES 4,D INI
163 A3 UDG t AND E RES 4,E OUTI
164 A4 UDG u AND H RES 4,H
165 A5

����F
AND L RES 4,L

166 A6
A������ � � AND (HL) RES 4,(HL)

167 A7
>CA

AND A RES 4,A
168 A8

���
XOR B RES 5,B LDD

169 A9
>��EA���	

XOR C RES 5,C CPD
170 AA

&�D�������� � XOR D RES 5,D IND
171 AB

@�	�	��
XOR E RES 5,E OUTD

172 AC
@�	

XOR H RES 5,H
173 AD

	�@�:
XOR L RES 5,L

174 AE
��@�N � XOR (HL) RES 5,(HL)

175 AF
D���F��

XOR A RES 5,A
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Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED
176 B0

��@�N
OR B RES 6,B LDIR

177 B1
N����

OR C RES 6,C CPIR
178 B2

&EA��
OR D RES 6,D INIR

179 B3
D���&

OR E RES 6,E OTIR
180 B4

	�@��
OR H RES 6,H

181 B5
@�&��

OR L RES 6,L
182 B6

@�D�&
OR (HL) RES 6,(HL)

183 B7
@�	��

OR A RES 6,A
184 B8

N��
CP B RES 7,B LDDR

185 B9
����>

CP C RES 7,C CPDR
186 BA

A���	
CP D RES 7,D INDR

187 BB
&�T��

CP E RES 7,E OTDR
188 BC

&�9��
CP H RES 7,H

189 BD
@�:�&

CP L RES 7,L
190 BE

>������
CP (HL) RES 7,(HL)

191 BF
A��

CP A RES 7,A
192 C0

8�&��
RET NZ SET 0,B

193 C1
&�	�� � POP BC SET 0,C

194 C2
D�H�� � JP NZ,nn SET 0,D

195 C3
��F�	

JP nn SET 0,E
196 C4

:CA��
CALL NZ,nn SET 0,H

197 C5
���

PUSH BC SET 0,L
198 C6

@���F
ADD A,n SET 0,(HL)

199 C7 � 
 RST 0 SET 0,A
200 C8 � 
 RET Z SET 1,B
201 C9 � � RET SET 1,C
202 CA

NEA����
JP Z,nn SET 1,D

203 CB
	�H����

.prefix. SET 1,E
204 CC

	��
CALL Z,nn SET 1,H

205 CD
&�	���>

CALL nn SET 1,L
206 CE

F����?���
ADC A,n SET 1,(HL)

207 CF
D�@�	

RST 8 SET 1,A
208 D0

������O�@�	
RET NC SET 2,B

209 D1
O������

POP DE SET 2,C
210 D2

����@�&��
JP NC,nn SET 2,D

211 D3
��>���� � OUT (n),A SET 2,E

212 D4
D�N���&�� � CALL NC,nn SET 2,H

213 D5
O�����9��

PUSH DE SET 2,L
214 D6

�����CA�� � SUB n SET 2,(HL)
215 D7

:�����>
RST 16 SET 2,A

216 D8
DCA���D�N��

RET c SET 3,B
217 D9

A����
EXX SET 3,C

218 DA
>�@�>����

JP C,nn SET 3,D
219 DB

��N�@�&�H
IN A,(n) SET 3,E
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Z80
Dec Hex Caracter Cu prefix CB Cu prefix ED
220 DC

:��CA�9�H�	
CALL C,nn SET 3,H

221 DD
A���������&��

.prefix. SET 3,L
222 DE

�������
SBC A,n SET 3,(HL)

223 DF
��8�	

RST 24 SET 3,A
224 E0

N�>��CA���	
RET PO SET 4,B

225 E1
N�NEAM&�	

POP HL SET 4,C
226 E2

&�	���>
JP PO,nn SET 4,D

227 E3
����@�F

EX (SP),HL SET 4,E
228 E4

F�@�	�@
CALL PO,nn SET 4,H

229 E5
����&�	������

PUSH HL SET 4,L
230 E6

��� � AND n SET 4,(HL)
231 E7

:�����F����
RST 32 SET 4,A

232 E8
D�����	CA���8��

RET PE SET 5,B
233 E9

FCA�O
JP (HL) SET 5,C

234 EA
����O

JP PE,nn SET 5,D
235 EB

�����
EX DE,HL SET 5,E

236 EC
9���	��

CALL PE,nn SET 5,H
237 ED

9���&�8�:
.prefix. SET 5,L

238 EE
A���>�8�	

XOR n SET 5,(HL)
239 EF

N���@�F
RST 40 SET 5,A

240 F0
NEAM&�	

RET P SET 6,B
241 F1

N���	
POP AF SET 6,C

242 F2
>�@�8�&��

JP P,nn SET 6,D
243 F3

������	
DI SET 6,E

244 F4
>������

CALL P,nn SET 6,H
245 F5

>��CA���	
PUSH AF SET 6,L

246 F6
>�N���	

OR n SET 6,(HL)
247 F7

��8��
RST 48 SET 6,A

248 F8
&�@����

RET M SET 7,B
249 F9

��@���F���OCA � � LD SP,HL SET 7,C
250 FA

A��
JP M,nn SET 7,D

251 FB
D�N�&

E1 SET 7,E
252 FC

F���@ � CALL M,nn SET 7,H
253 FD

D�N���@��
.prefix IY. SET 7,L

254 FE
����	�8����

CP n SET 7,(HL)
255 FF

D���> � RST 56 SET 7,A

Funcţiile care se comportă la fel sunt grupate ı̂mpreună ı̂n setul de caractere:

Codul Caracteristici Codul Caracteristici
165-167 fără parametri 192 număr sau şir � număr
168 definibilă 193-194 număr � şir
169-171 de două variabile, prefixate 195 număr � număr, prioritate 4
172-173 folosite numai cu

>��CA���	
şi
A���>�8�	

196 cu parametru opţional, constant
174 şir � şir 197-201 funcţii binare infixate
175-177 şir � număr 202-205 părţi opţionale de comenzi
178-191 număr � număr, prioritate 11 206-255 comenzi
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Appendix C

Harta memoriei

Adresa Conţinut
00000 ROM

Interpretorul BASIC
16384 memoria video (pixelii)
22528 atribute
23296 buffer-ul imprimantei
23552 variabilele sistemului BASIC
23734 informaţ ii despre disc/microdrive
CHANS informaţ ii despre canale

128 (80h)
PROG programul BASIC
VARS variabile BASIC

128 (80h)
E LINE comanda sau linia ı̂n curs de interpretare

13 (0Ch)
128 (80h)

WORKSP date pentru INPUT
13 (0Ch)

spaţ iu de lucru temporar
STKBOT stiva evaluatorului de expresii BASIC
STKEND liber
sp stiva codului maş in̆a (Z80)

stiva GOSUB
3E h

RAMTOP ?
UDG caractere grafice definibile
P RAMT ?
65536 prima adresă ı̂n afara memoriei
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Appendix D

Codurile culorilor

La HC culorile fundamentale sunt codificate după cum urmează:

Cod Culoare Engleză
0 negru black
1 albastru blue
2 roşu red
3 mov magenta
4 verde green
5 albastru deschis cyan
6 galben yellow
7 alb white

8 contrast
9 transparent

Z :�����F���� poate avea una din valorile 0-7.
Z >�@�>���� şi

A����
au una din valorile 0–9. Valorile 8 şi 9 au următoarele semnificaţii:

– tipărind un caracter cu
A����.;

(
>�@�>����<;

), el va păstra drept culoare a cernelii (hârtiei)
chiar culoarea existentă anterior tipăririi sale ı̂n acel loc pe ecran. Iată un exemplu:

��20>��CA���	�@�	3� U � �%��0�����I� 
 ��	��<%C�
%�2 >��CA���	<A���� ��G�- � A���	YQ���L�- � � � 
 � �-��0������	3A
-�20>�@�8�&��?�
2��0>��CA���	�@�	3� U � � A����?; � � ����O�@���D�@�	CA D���������@�N�@�D�@���@�D�	����M��N���� �

>�N���	
,
F���@ � şi

DCA���D�N��
sunt implicit

>�@�>����?;
(adică trasarea unui punct ı̂ntr-un pătrăţel nu

va modifica PAPER-ul acestuia dacă nu se specifică explicit). Exemplu:
2�20>��CA���	�@�	3� U � � >�@�>����3�
U?X >�@�8�&��?�4�20>�@�>����?� X >�N���	?� U 7 ��2JX >�@�8�&�� �
7 20>�N���	�>�@�>����?� U � U � 7 2
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– tipărind un caracter cu
A����3=

(
>�@�>����?=

) el va apărea fie alb, fie negru, astfel ı̂ncât să iasă
cât mai bine ı̂n evidenţă pe fondul (cerneala) pe care se scrie. Din următorul exemplu
deducem că vom avea alb pentru fond 0-3 şi negru pentru fond 4-7:

���0�����I� 
 �0	�� 7 X >��CA���	�>�@�>����I� � A����<= � � � � � � XW������	I�

Z ��N�@�&�H poate fi 0 (standard), 1 (clipitor) sau 8 (se păstrează FLASH-ul din locul respectiv de
pe ecran).

>�N���	
,
F���@ � şi

DCA���D�N��
sunt implicit

��N�@�&�H?;
.

Z :��CA�9�H�	 poate fi 0 (standard), 1 (strălucitor; pe HC85
:��CA�9�H�	.�

nu are nici un efect vizual!)
sau 8 (transparent).

Z A���������&�� şi
�������

pot fi 0 sau 1 (Capitolul 10).

Atragem atenţia asupra diferenţelor dintre instrucţiunile de culoare:

Z :�����F���� e ı̂ntotdeauna comandă (nu are sens
>��CA���	�:�����F������ � );

Z A����YU >�@�>����YUW:��CA�9�H�	YU ��N�@�&�H sunt atribute, care caracterizează un pătrat de pe ecran;
Z ������� şi

A���������&��
sunt moduri de scriere/trasare; ele nu sunt caracteristicile imaginii; de aceea

nu are sens
�������?;

sau
A���������&���;

.

Să mai remarcăm aşezarea culorilor. Televizorul formează culorile folosind numai 3 culori fun-
damentale: ALBASTRU, ROŞU şi VERDE. Celelalte culori se obţin din combinaţii ale acestora.
Codurile culorilor la HC scrise ı̂n baza 2 (vezi şi Anexa E) au pe bitul 0 componenţa ı̂n albastru, pe
bitul 1 componenţa ı̂n roşu şi pe bitul 2 componenţa ı̂n verde. Astfel:

Culoare Cod Binar Componenente
negru 0 000 —
albastru 1 001 albastru
roşu 2 010 roşu
mov 3 011 albastru, roşu
verde 4 100 verde
bleu 5 101 albastru, verde
galben 6 110 roşu, verde
alb 7 111 albastru, roşu, verde
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Appendix E

Baze de numeraţ ie

Pentru a exprima valoarea unui număr am preluat de la arabi sistemul de scriere poziţională ı̂n baza
10 (cu 10 cifre). Fie un număr ı̂n baza 10 de forma

�����������	�
�����	

unde

���
sunt cifrele sale. Atunci

valoarea lui se mai poate scrie
��������� ��� ����� � �	������� ��� ��������� ��� �	
������ 


.

În mod analog, putem exprima valoarea unui număr ı̂ntr-o bază de numeraţ ie arbitrar̆a (bazele
sunt numere ı̂ntregi nenule), folosind un număr corespunzător de cifre distincte. De pildă, baza 2.
Numerele sunt scrise numai cu 0 şi 1 (numite cifre binare). Valoarea se calculează ca ı̂n formula
de mai sus, doar că punem 2 ı̂n loc de 10. Vom calcula efectiv valoarea unui număr ı̂n baza 2,
exprimând-o ı̂n baza 10.

���C�������C��� 
 � � � � 7 	� � � � 4 	� � � � 2 	� � � � - 	� � � � % 	� � � � � 	� � � � � 	� � � � �G�G�G�G�G�G�G�G�G�G


 ����; 	 � 	 %�� 	 ��4 	 � 	 � 	 � 	 � 
 � 7 ; 


Pentru baze mai mari ca 10 avem un deficit de cifre. De aceea construim baza 16 cu 6 noi cifre
ad-hoc, simbolizate de literele A-F. Avem corespondenţele:

Baza 16 Baza 10 Baza 2 Baza 16 Baza 10 Baza 2
0 0 0 8 8 1000
1 1 1 9 9 1001
2 2 10 A 10 1010
3 3 11 B 11 1011
4 4 100 C 12 1100
5 5 101 D 13 1101
6 6 110 E 14 1110
7 7 111 F 15 1111

Observăm că, odată cu creşterea bazei, numerele ı̂şi micşorează lungimea. Cu toate acestea,
ı̂n informatică, cea mai folosită bază de numeraţie este 2. Aceasta pentru că e, evident, mai simplu
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de construit un circuit care are doar două poziţii posibile (de pildă aprins-stins) decât unul care are
mai multe. Asociind dispozitivelor electronice bistabile (cu două stări) cifrele binare, putem construi
cu uşurinţă dispozitive pentru operaţii cu numere binare. O cifră binară se numeşte ı̂n engleză bit
(BInary digiT ; binary = binar, ı̂n baza 2; digit = cifră (nu deget!)).

Folosind � biţi putem exprima numere ı̂ntregi pozitive ı̂n intervalul
� ���

�
� � .

Să descriem algoritmul de transformare din baza 10 ı̂n baza 2 şi algoritmii de calcul ı̂n baza 2.

Iată, fără justificări matematice, cum se procedează pentru a transforma un număr din baza 10
ı̂n baza 2. Fie N numărul de transformat. Împărţim N la 2, obţinând câtul M şi restul R. R este 0 sau
1 şi este chiar ultima cifră a numărului ı̂n baza 2. Apoi ı̂mpărţim M la 2 şi obţinem un nou rest, care
este penultima cifră a rezultatului. Continuăm până obţinem câtul 0. Resturile obţinute, citite de la
coadă spre cap, formează chiar rezultatul căutat. Exemplu:

178 ı̂n baza 2 =?

178 : 2 = 89 rest 0
89 : 2 = 44 rest 1
44 : 2 = 22 rest 0
22 : 2 = 11 rest 0
11 : 2 = 5 rest 1

5 : 2 = 2 rest 1
2 : 2 = 1 rest 0
1 : 2 = 0 rest 1

Numărul este 10110010 (citind resturile de jos ı̂n sus).

Iată acum tablele adunării şi ı̂nmulţirii ı̂n baza 2:

0 + 0 = 0 0 � 0 = 0
0 + 1 = 1 0 � 1 = 0
1 + 0 = 1 1 � 0 = 0
1 + 1 = 10 1 � 1 = 1

Să adunăm 1011010 cu 10111; să ı̂nmulţim 1001 cu 110:

���C�����C��� 	���C�����
G�G�G�G�G�G�G �����C� �� �����

��� G�G�G�G
� �
� �����C�

��� �����C�
� G�G�G�G�G�G�G
� �����C�����
G�G�G�G�G�G�G
�����������C�

Să dublezi un număr ı̂n baza doi este echivalent cu a-i adăuga un zero la coadă. Restul ı̂mpărţirii
unui număr binar la doi este ultima lui cifră.
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Appendix F

Reprezentări interne

Locaţiile de memorie le calculatorului sunt colecţii de câte 8 bistabile. Pe un octet putem
reprezenta ı̂n memorie numere cu valori cuprinse ı̂ntre 0 şi 255 ( ��� �

�
). Pentru a reprezenta

valori ale diverselor tipuri de date, variabile şi programe BASIC se folosesc diferite metode. Le vom
explora pe rând.

Variabilele sistem a căror valoare este o adresă (un număr pe 16 biţi), se memorează astfel:
reprezentarea foloseşte doi octeţi consecutivi; cel care are adresa mai mică reţine (surprinzător)
partea mai puţin semnificativă. (Zic surprinzător pentru că noi scriem ı̂ntâi cifrele mai semnifica-
tive.) Partea mai puţin semnificativă se numeşte Less Significant Byte, şi o vom prescurta LSB.
Partea mai semnificativă se numeşte ı̂n engleză Most Significant Byte — MSB.

De exemplu, pentru a afla adresa de la care ı̂ncepe programul BASIC trebuie să citim valoarea
variabilei sistem PROG, situată la adresa 23635 (vezi şi Anexa H). Atunci putem tipări adresa
programului BASIC astfel:

>��CA���	�>������?��%�4�%�2 	 ��2�4 � >���������%�4�%�4

Pentru că o vom folosi de mai multe ori, construim o funcţie PEEK extinsă, care citeşte doi octeţi
consecutivi.

20F����?���0) Q � � 
 >������P� 	 ��2�4 � >������ Q � 	 � �

Iată un program pentru exemplu (ataşaţi linia de mai sus):

��20>��CA���	 � @�F�����&�@�:�@�&EA�D�G�8�N�8�A � � ����>YQ ��%�4�%�2 ���20>��CA���	 � @�F�����&�@���@��CA�@�:CAMN�� N���� � � ����) Q ��%�4�� 7 �%�20>��CA���	 � ��@�O�	���> � � ����) Q ��% 7 %�� �-�20>��CA���	 � &���@���&EA�	�8�N ��@�O�8�N�8
A � � ����) Q ��% 7 %�� �2�20>��CA���	 � 	
�*/�)����5$� ?(���!�$ /� ���,� +:�@�&EA�D����JQ '� �( � � �4�20>��CA���	RQS>������?��%�4 7 � 	 ��2�4 � ���5) Q ��%�4 7 % � � L<2��

Ultima linie afişează valoarea ceasului de timp real (vezi Anexa H), care se calculează astfel:>������?��%�4 7 � 	 ��2�4 � >���������%�4 7 % 	 4�2�2�%�4 � >���������%�4 7 - — o valoare memorată pe 3 octeţi!

Există două metode pentru a reprezenta valorile datelor de tip numeric. Ambele folosesc 5
octeţi.
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Numere ı̂ntregi ı̂n intervalul –65535, +65535:
Aceste numere sunt numite mici ı̂ntregi (small integers). Cei cinci octeţi au urm̆atoarele valori:

00 SEMN LSB MSB 00

1 2 3 4 5 � octetul

Z Semn este:

– 00 pentru numere pozitive;
– 255 (FF hexazecimal) pentru numere negative.

Z Fie N numărul de reprezentat. Definim K astfel:

– K = N dacă N � 0;
– K = 65536 + N dacă N � 0.

Z LSB este cel mai puţin semnificativ octet al lui K.
Z MSB este cel mai semnificativ octet al lui K.

Exemple de reprezentări:

Număr Cei cinci octeţ i Observaţ ii
0 0 0 0 0 0 0 e pozitiv (semn=0)
1 0 0 1 0 0

23650 0 0 98 92 0 98 + 256
�

92 = 23650
65535 0 0 255 255 0 255 + 256

�
255 = 65535

–1 0 255 255 255 0 65536 – 1 = 65535
–23650 0 255 158 163 0 158+ 256

�
163 = 65536 – 23650

Numere ı̂ntregi ı̂nafara intervalului de mai sus ş i numere ne ı̂ntregi:
Algoritmul de conversie este următorul (acest mod de reprezentare se mai numeşte şi ı̂n
virgulă flotantă – Floating Point, abreviat FP):

1. numărul se transformă ı̂n baza 2; fie N valoarea sa;

2. N se separă ı̂n două valori, astfel:
Z semnul S (0 pentru pozitiv, 1 pentru negativ);
Z modulul M;

3. M este adus la forma �����	� ��
 unde K este cuprins ı̂ntre 0.5 şi 1. (Această operaţie
se numeşte normalizare. Ea nu face altceva decât să pună virgula ı̂nainte de prima cifră
semnificativă nenulă a numărului.)
Z K se numeşte mantisă;
Z E se numeşte exponent;

4. numărul K are ı̂ntotdeauna primul bit 1, aşa că ı̂n locul lui putem reprezenta valoarea
semnului S;

5. Cei cinci octeţi primesc următoarele valori:

E+128 S MANTISA K REPREZENTATA PE 4 OCTETI

1 2 3 4 5 � octetul
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6. Exponentul este reprezentat adăugându-i 128, pentru a putea reprezenta şi valori ne-
gative. Dacă E+128 nu ı̂ncape ı̂ntr-un octet, numărul e prea mare pentru a putea fi
reprezentat.
Z Când E � 127 se obţine eroarea

4�����/��� �������� �6��,
. (overflow).

Z Când E � � � ��� numărul devine 0 (underflow).

Să vedem nişte exemple:
Z Numărul 0.25:

1. ı̂n baza 2 : 0.25 = .0100
2. semnul S = 0; modulul M = .01
3. M = (0.1 ı̂n baza 2) * ���

�
, deci

– K = .10000000 .... pe 32 de biţi
– E = –1

4. primul octet este E+128 = 127
5. al doilea octet are primul bit S = 0 iar restul sunt biţii luaţi de la K
6. Reprezentarea pe 5 octeţi este:

127 0 0 0 0
Z Numărul 1000000 (un milion):

1. N = 1111 0100 0010 0100 0000 (verificaţi)
2. S = 0; M = N
3. M = (.11110100 00100100 ı̂n baza 2)

� �
��


4. Reprezentarea este

148 116 36 0 0
(BIN 01110100 = 116, BIN 00100100 = 36)

Z Numărul –0.25:
Paşii ca la calculul lui 1/4, doar semnul e S=1

127 128 0 0 0
Z Numărul 0.1:

1. N = .0001100110011001100.... (periodic!)
2. S = 0, M = N
3. E = –3, K = 11001100 11001100 11001100 11001100 (32 de cifre)
4. reprezentarea:

125 76 204 204 204
(avem BIN 01001100 = 76, BIN 11001100 = 204)

Să vedem cum sunt reprezentate intern liniile unui program BASIC.

MSB LSB LSB MSB . . . 13

ETICHETA LUNGIMEA TEXTUL ENTER

Reprezentarea etichetei unei linii BASIC face excepţie de la regula de reprezentare pe doi octeţi
a numerelor: ı̂ntâi vine MSB.

Urmează, reprezentată pe doi octeţi, o valoare care arată lungimea restului liniei (de la următorul
octet până la octetul final ENTER).

Textul liniei este o succesiune de coduri de caractere, ı̂n ordinea ı̂n care sunt plasate ı̂n textul
liniei. Sunt necesare două precizări:
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Z ı̂n textul unei linii pot apărea şi caractere de control, cu parametrii lor. De exemplu, dacă,

scriind o linie, am inserat un caracter INVERSE VIDEO (apăsând CS + 4 ) ı̂n locul core-
spunzător din memorie vom avea doi octeţi cu valorile 20, respectiv 1 (vezi şi Capitolul 12);

Z când ı̂n textul unui program apare un număr (o constantă numerică), ı̂n linie se inserează şase
octeţi, cu următoarele semnificaţii: un octet cu codul 14, care indică reprezentarea valorii
unui număr şi apoi pe 5 octeţi chiar valoarea numărului cum am descris-o mai sus. Inserarea

acestor informaţii se face ı̂n momentul ı̂n care cel care scrie linia apasă CR : dacă linia este
corectă sintactic, i se inserează aceste valori şi apoi este mutată din zona liniei ı̂n curs de
editare ı̂n zona programului BASIC. Valorile inserate măresc viteza BASIC-ului, pentru că
ı̂n momentul execuţiei nu se mai ţine cont de caracterele care formează textul numărului, ci
doar de forma convertită. Conversia nu mai trebuie făcută. (Unii şmecheri schimbă cu bună
ştiinţă caracterele care formează numărul pentru a induce ı̂n eroare privitorii.) Când o linie
este editată, toate reprezentările acestea sunt scoase automat.

În fine, ultimul caracter al liniei este ı̂ntotdeauna CR (
D�H�� � ��%

).

Bazat pe aceste consideraţii, iată un program care permite explorarea zonei de memorie a
programului BASIC:

�5F���������) Q � � 
 >������3� 	 ��2�4 � >������ Q � 	 � �%<N���	�>�����9 
 ��%�4�%�2JX N���	���@���& 
 ��%�4�� 7
2<N���	�>�����9�@�F 
 ���0) QS>�����9 � X N���	<��@���&�@�F 
 ���0) QS��@���& �7 N���	�!�� 
 � X ����OI�*!�$
��(��������+$� 0B����������� 5��>
���<N���	?��$�� 
 >�����9�@�F
��2 >��CA���	 � NC�*!6��� � � ��2�4 � >������P��$�� 	 >������ Q ��$�� 	 � � �� 7 >��CA���	 � ���� �����!�,
�*/� �� � � ����) Q ��$�� 	 � � X N���	3��$�� 
 ��$�� 	 -
��� A��?>������<��$�� 
 ��-?@���F !�� 
 ��	�H����3N���	�!�� 
 4
��2 >��CA���	?��$�� � 	�@�:J��� � >������?��$�� � 	�@�:3��� �� 7 >��CA���	RQ�QSD�H�� � >������?��$�� � @���F<>������?��$�� � %C� � @���F0!�� 
 � ���; >��CA���	RQ � � ��> � � � @���F�!�� � �
��= N���	.��$�� 
 ��$�� 	 �
X"A��0!�� � ��	�H����<N���	�!�� 
 !��3G �
%�� A��?>������<��$�� 
 ��%�@���F !�� 
 ��	�H����3N���	?��$�� 
 ��$�� 	 �
X

9���	�� ��2 	 %�� � Q ��$�� 
 ��@���&�@�F �-�� 9���	������

Explicaţ ii:

Z !�� este o variabilă a cărei valoare diferită de 0 arată că adresa pe care tocmai o explorăm
conţine un octet din reprezentarea FP a unui număr. Când se ı̂ntı̂lneşte un

D�H�� � ��-
(care nu

face parte el ı̂nsuşi dintr-o formă FP), atunci
!��

devine 6, semn că următorii 6 octeţi nu sunt
coduri de caractere.

!��
scade apoi mereu spre 0.

Z ��$�� este adresa pe care tocmai o explorăm.
Z Linia 25 scrie adresa curentă şi conţinutul ei. Linia 27 scrie caracterul care se găseşte acolo,

dacă este printabil.
Z Programul nu ţine cont de faptul că există caractere de control care pot avea parametri. Îm-

bunătăţiţi-l!
Z Linia 30 trece la descrierea unei noi linii, dacă s-a ı̂ntâlnit CR, sau termină execuţia, dacă s-a

atins zona destinată variabilelor.

Executând programul anterior aţi, remarcat, probabil că a apărut o zonă care memorează un
număr FP şi ı̂n linia 1, după

�
-ul dintre parantezele lui

F����?���
(deşi acesta nu este un număr). Ex-

plicaţia este dată de modul de lucru al lui
F��������

: la momentul evaluării lui
���

— de exemplu ı̂n linia
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5, unde argumentul este 23635 — valoarea obţinută pentru parametrul simbolic
�

al funcţiei definite
este pusă chiar ı̂n locul rezervat ı̂n linia cu

F��������
ı̂n cei şase octeţi.

Acest mod de lucru permite doar recurenţe de ordinul ı̂ntâi pentru funcţii care lucrează cu nu-
mere şi nu permite deloc recurenţe pentru funcţii care lucrează cu şiruri (căci şirurile sunt indicate
ı̂n cei cinci octeţi printr-un pointer la valoarea reală). (Un pointer la un obiect este adresa unde se
găseşte acel obiect.)

O remarcă interesantă: pentru a memora etichetele unei linii BASIC avem la dispoziţie doi
octeţi, dar valorile admise sunt doar ı̂ntre 0 şi 9999. Cu

>������
putem forţa etichetele şi la valori

non-standard. Editorul, ı̂nsă, nu permite lucrul cu linii care capătă etichete ciudate.

Folosind asemenea linii le veţi da multă bătaie de cap celor care ı̂ncearcă să vă ,,fure” pro-
gramele. O protecţie foarte interesantă, care se obţine, este cea anti-

O�����9��
. Transformând eticheta

unei linii dinspre sfârşitul programului ı̂ntr-un număr foarte mare,
O�����9��

va confunda această linie cu
o variabilă şi rezultatul va fi dezastruos. Astfel de programe nu pot fi ı̂ncărcate cu

O�����9��
! (Şi, deci,

nu pot fi ı̂ncărcate fără a porni ı̂n execuţie.)

Toate formele de memorare ale variabilelor au ceva comun:

Z Literele sunt transformate ı̂n litere mici;
Z Primul octet are următoarea formă:

� 7 � 4 � 2 � - � % � � � � � � � �6���
G�G�G�G�G�G�G�G�G�G�G�GMG�G�G
� (���$ � �C���� ���� �

Z Primii trei biţi dau tipul variabilei, astfel:

Cod Cod binar Variabila tip
2 010 şir
3 011 numerică, cu nume de o literă
4 100 matrice numerică
5 101 numerică, nume de mai multe caractere
6 110 matrice de şiruri
7 111

�����<G�������	

Z Următorii trei biţi sunt ultimii 5 biţi din codul literei cu care ı̂ncepe numele (căci orice nume de
variabilă ı̂ncepe cu o literă!).

Iată cum se memorează fiecare tip:

Variabilă numerică, nume de o literă:

011 LIT VALOAREA PE CINCI OCTEŢI

Variabilă numerică, nume lung:

101 LIT 0 ����� � . . . 1 ������� VALOAREA PE 5 OCTEŢI

Ultimul caracter din nume are primul bit 1.

Matrice de numere:

100 LIT LUNG NR. DIM �	��
 � FIECARE VALOARE PE 5 OCTEŢI

Z
��� ��� e lungimea până la sfârşit, pe doi octeţi;
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Z ��� � �	��
 e numărul de dimensiuni, pe un octet;
Z �	��
�� sunt valorile fiecărei dimensiuni, pe doi octeţi.

Variabilă FOR – NEXT:

111 LIT VAL. CURENTA LIMITA PAS LINIA
�����

NR. INSTR.

Z Linia
�����

e eticheta liniei cu
�����

-ul, pe doi octeţi;
Z NR. instr. e numărul instrucţiunii din linie care e

�����
-ul, pe un octet;

Z cele trei valori sunt pe 5 octeţi.

Variabilă ş ir simpl̆a:

010 LIT LUNGIME (2 O) CARACTERE (POT LIPSI) (1 OCTET FIECARE)

Variabilă ş ir matrice:

110 LIT LUNG. 2O NR. DIM. �	� 
�� . . . FIECARE CHR. 1O

Z !��<$
�*/ e numărul de dimensiuni reprezentat, pe 1 octet;
Z $
�*/�� e valoarea dimensiunii K, pe doi octeţi.
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Appendix G

Rezolvările exerciţ iilor

G.1 Capitolul 1

1. Programul este următorul
���0>��CA���	�@�	3� U � � � � � � � � � � � � ( � � � � $ � � � �  � � � � #

2. Nu pot fi nume de variabile

b) variabilă şir cu nume prea lung

c) caracterul ,,:”

d) ı̂ncepe cu o cifră

g) semnul ,,=”

G.2 Capitolul 2

1. Cam aşa:
���0>��CA���	�@�	3� U � � � U % � � U"�
U % � �
U � U % � � U % U % � % U -YU % � -

2. Greşelile sunt următoarele:

Z ı̂n linia 60, unei variabile numerice i se atribuie valoarea unei variabile şir;
Z ı̂n linia 70 se foloseşte operaţia ,,–” care nu este definită pentru şiruri;
Z ı̂n linia 80 putem aprecia drept greşeală folosirea variabilei

�
, care nu a fost definită

(iniţializată, adică nu i s-a dat vreo valoare) anterior;
Z dacă variabila

N���	
este pozitivă, atunci instrucţiunea din linia

������NEAM&�	?G�N���	

va da eroare.
În linia 90 nu este nici eroare, pentru că avem de a face cu variabila scrisă cu semneleN
,
�

şi
	
, iar nu cu comanda

N���	
, care este un singur caracter.
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G.3 Capitolul 3

1. Pentru a putea executa numai o instrucţiune din mai multe posibile (trebuie să existe instruc-
ţiuni pentru scrierea numelui fiecărei cifre) este necesar să putem selecta cumva una din ele
care să se execute. Acest lucru ı̂l putem face numai cu

��8��
, calculând eticheta de destinaţie

ı̂n funcţie de cifra de tipărit. Iată:
2 A���>�8�	 � (C��#���� � � (�#��������8��<(�#�� 	 ���
����>��CA���	 � �  ���� � X &�	���>�C�+>��CA���	 � ��!�� � X &�	���>����>��CA���	 � $��C� � X &�	���>��%�>��CA���	 � ���� C� � X &�	���>��-?>��CA���	 � )�������� � X &�	���>��2�>��CA���	 � (C�*!�(C� � X &�	���>��4�>��CA���	 � '���'� � X &�	���>� 7 >��CA���	 � '���)��� � X &�	���>��;�>��CA���	 � ��)�� � X &�	���>��=�>��CA���	 � !������ � X &�	���>

&�	���>
-urile sunt necesare pentru a scrie un singur text. Dacă se doreşte executarea repetată

a programului,
&�	���>

-urile trebuie schimbate cu:
A���>�8�	 � 	���'������
� D�� � X ��8��

A���>�8�	 � 	���'������
� D�� � este necesar pentru că
��8��

şterge ecranul.

2. Se vor executa ı̂n ordine liniile:
25 a=4
35 a=80
40
80 a nu mai există (

��8��
şterge variabilele!)

90 eroare 2 (a nu există)

G.4 Capitolul 4

1. Programul este următorul:
2<N���	?� 
 ��� X >��CA���	�@�	3� U � �7 N���	?� � 
 � ������0>��CA���	�>�@�>������ � � � � >�@�>����?� � � � � >�@�>������ � � � � >�@�>��M��% � � � � >�@�>����+- � � � �>�@�>���� 2 � � � � >�@�>�����4 � � � � >�@�>���� 7 � � � X N���	<� 
 � 	 ��� X 9���	����

Iată cum funcţionează: la prima tură
� 
 ��� . Apoi

� 
 ��� , 9���	���� , apoi
� 
 %�� UW9���	���� şi tot

aşa, până ce
� 
 ��%�� , când

9���	����
opreşte programul — exact 22 de treceri, câte rânduri are

ecranul.

2. Iată un exemplu :
23A���>�8�	 � (����������� �� � � )�)�����3A���>�8�	 � (�������$���!������"V 
 � � V � � (�������$���!������"1 
 � � 1����>��CA���	0@�	?1YUSV � >�@�>����5)�)�� � � � X 9���	���2
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G.5 Capitolul 5

1. Programul este destul de simplu. Să remarcăm că el nu memorează nicăieri numerele a căror
sumă o face (nici nu putea, folosind numai instrucţiunile cunoscute). Variabila

&
este suma,

iar
�

numărul de numere.
2 A���>�8�	 � D����� 5!���/� ��� � 
 
 
 � � � X N���	<' 
 �
���3A���! � %��0	�H�����>��CA���	 � )��� ��"/������� 
 � X 9���	���2
��23A���! � �0	�H�����>��CA���	 � &���#
�*/I'� ��
����'C� � � X 9���	���2
��;
����D�N�& X N���	3( 
 � X ����O<(���!������
%�� >��CA���	�@�	?� U � � � ����/�������� !�� 
 � � ( � � 
 � �%�2 A���>�8�	�!��RX >��CA���	5!��
-�� N���	?& 
 & 	 ��� X N���	<D 
 D 	 �
2��3A���D � 
 �<	�H�����9���	���%��
4���>��CA���	 � &���/���(� ������ � � ! � � !���/� ��� � �'��� � � '7 �3A���>�8�	 � � !�������'���/�� � QS$���L�!�� � � � � �;��3A��?� � 
 � $�� � 	�H�������8��

2. Programul seamănă cu cel anterior:
2 A���>�8�	 � D����� 5!���/� ��� � 
 
 
 � � ����<N���	?> 
 � X N���	�O 
 � X N���	?� 
 �
���
%��<N���	.( 
 � X ����O3(���!������-�� A���>�8�	 � !��.��� � � Q ( � � � G��� �� X � � !��2�� A��0!�� � �<	�H����?N���	0O 
 O 	 �
2�2 A��0!�� 
 �<	�H����?N���	<� 
 � 	 �
4�� A��0!�� � �<	�H����?N���	0> 
 > 	 �
7 � N���	3( 
 ( 	 �
;�� A��.( � 
 �?	�H�����9���	��0-��
=��0>��CA���	 � '���!�� � � O � � !���/� ��� 5!� �,����
��B� � � 	�@�:32 � � � � !����� �'C� �������>��CA���	�	�@�:?2 � > � � )�� � ���
��B� ������ A���>�8�	 � ��!����������������� � QS$�L�! � � � � ������ A��3� � 
 � $ � 	�H�������8����%�� A��3� � 
 � ! � 	�H����?&�	���>��-���9���	��3�����

G.6 Capitolul 6

1. Să urmărim valorile tuturor variabilelor de-a lungul programului:
2 !�� '���!��0B����
�����6���� 
��� � 
 ��-��� � 
 ��- 
 
 -%�� � 
 ��; 
 
 --�� � 
 ��; 
 
 - QS����O< �'��� 5��! (���/� �!������
� � � �2�� � 
 ��; 
 
 - � 	 
 ��24�� � 
 ��� 
 
 - � 	 
 ��2

Deci se tipăreşte 14.

2. Să calculăm ı̂ntâi câte pătrăţele are ecranul: 32
�

24 = 768. Cum pe cele două rânduri de
jos nu putem scrie ı̂n mod obişnuit, rămân 768 – 64 = 704.
Ordinea culorilor ne sugerează un algoritm interesant: valorile 0, 1, 2, 3, 4, 5, 6, 7, 0, 1, 2
etc. sunt de fapt resturile ı̂mpărţirii la 8 a unui număr care creşte mereu. Vom folosi o singură
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variabilă contor, care va indica prin valoarea sa câte pătrăţele s-au tipărit. Restul ı̂mpărţirii
valorii acestui contor la 8 va da chiar culoarea. Deci:
2<>��CA���	�@�	3� U � �7 N���	?( 
 �
��� >�@�>����?(<G?; � A���	RQ (�L�; ���2 >��CA���	 � � � X N���	?( 
 ( 	 �
���3A��?( � 7 ��-�	�H�����9���	�� ���
��2�>�@�8�&����

Ultima instrucţiune amână apariţia mesajului
�?���

până după apăsarea unei taste. Am pus �
şi nu � 
 ı̂n linia 20, pentru că ı̂ncepem de la 0.

3. Pentru că majoritatea pătrăţelelor nu au ambele coordonate pare, le vom colora folosind
D�N�&

.
Vom folosi roşu (2) pe galben (6) pentru desen. Programul foloseşte două bucle, una-ntr-alta.
Prima buclă trasează cele 11 linii, iar a doua trasează pătrăţelele fiecărei linii.
2<:�����F�����4 X >�@�>����?4 X D�N�& X >�@�>����?�
���?N���	�V 
 � X N���	�1 
 � X ����O3(���!��������� 
��2 >��CA���	0@�	?1YU V � � ���� N���	<V 
 V 	 �
%�� A��?V � %C�+	�H�����9���	�� ��2
%�2 N���	�V 
 �RX ����O �*!�(� �)� �/���!�!����3����!�$
-�� N���	�1 
 1 	 �
2��3A���1 � �C�5	�H�����9���	��3��2

4. Iată noul program:
������O /6�����
2<>��CA���	�@�	3� U � � X N���	�� 
 �
��� >��CA���	�>�@�>������.G3; � A���	YQS��L�; � � � � ���� N���	�� 
 � 	 �
%��3A���� � %�� � ����L�-�	�H�����9���	��3���

Trebuie să remarcăm că nu am folosit transcrierea soluţiei prezentate la exerciţiul respectiv,
ci am dat o rezolvare care se bazează pe cea a primului exerciţiu.

5. Pentru a memora ultimii doi termeni ai şirului se foloseşte metoda din exerciţiul rezolvat cu
c.m.m.d.c., adică două variabile ce reprezintă ultimii doi termeni şi care ı̂şi schimbă valoarea
la calcularea unui nou termen astfel: a doua trece ı̂n prima, iar noul termen trece ı̂n a doua.
������O 'C�����������6� �
�*����!���(�(C�
2 A���>�8�	 � D����
� �� ���/� �!6� '� <��#
��'� �� � �IQS-�GC����� � � � � ����?N���	�� 
 A���	�@�:�&�� X"A��<� � -?	�H����09���	��?2
����A���� � ������	�H�����9���	��<2
��2?N���	?� 
 �JX N���	�� 
 �
����>��CA���	 � >��
�*/����5�� ���/� �!. �'��� 3� �%��?N���	 	 
 � X ����O?(���!������
-�� >��CA���	 � �� ���/� �!���� � � 	 � �  �'��� � � ( U2�� N���	�$ 
 � X ����O�)���!� �/�/���/� �!�����!?��� )���'��������� �
4�� N���	�� 
 � 	 � X N���	<� 
 $
7 � N���	 	 
 	 	 �
;��3A�� 	 � 
 �<	�H�����9���	���-��

6. O variantă de program este:
�5����O !���/� ��� ")��
�*/� 
2 A���>�8�	 � !���$� 0�� �'������ � � !�����<N���	�!�� 
 A���	�!��
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���<N���	.' 
 &�T���!��RX ����O<�C�*/6�����+$� 0�� �'������� 
%�� A��.' 
 A���	?'0	�H�����9���	��3����� X ����O )�����������)� ���#� �(��
-��<N���	 	 
 �RX ����O?(���!������
2�� N���	0� 
 !��3L 	4�� A��0� 
 A���	��.	�H����<9���	��3�����
7 � A�� 	 � '0	�H����?N���	 	 
 	 	 � X 9���	��02��
=��
=�20>��CA���	 � ����/��������+ �'��� )��
�*/ � X &�	���>
������>��CA���	 � ����/�������� !��I �'��� 5)��
�*/ � '� 0$
��B
��$� �(�� � � 	 X &�	���>

Scrieţi, folosind această metodă, un program care determină toţi divizorii unui număr.

7. Probleme pune numai ,,reflexia” bilei la atingerea marginii mesei. Să studiem un caz partic-
ular: presupunem că bila se mişcă pe verticală. Atunci coordonata ei verticală (y) va varia
la fiecare pas cu 1, cea orizontală (x) rămânând neschimbată. Dacă bila urcă, la fiecare
pas se scade 1 din y-ul ei. Dacă o ia ı̂n jos, atunci se adaugă 1. Când ajunge la margine,
trebuie ca direcţia de mişcare să se schimbe, ceea ce este echivalent cu a schimba semnul
,,incrementului” (valorii care se adaugă). Lucrurile stau similar pentru mişcarea pe orizontală.
Mişcarea pe oblică este suprapunerea a două mişcări independente, una pe verticală şi alta
pe orizontală.
De aici sugestia unui algoritm general de mişcare: folosim două variabile,

V
�
şi
1
�

, care repre-
zintă incremenţii pentru fiecare direcţie. Pentru direcţia 2 (stânga, sus) ei ar fi

V
� 
 � şi
1
� 
 GC�

(căci ı̂n sus y scade). Bila se mişcă până când atinge o margine (sau se opreşte). Atunci,
incrementul corespunzător ı̂şi schimbă semnul.
Iată o propunere de program. Notăm cu

�
, � coordonatele curente ale bilei, cu

)���'C�
numărul

de paşi pe care l-a făcut bila (proporţional cu PAUSE), cu
V
�

,
1
�

incremenţii şi cu
V��

,
1��

coordonatele cu un pas mai ı̂nainte (coordonatele anterioare):
20����O �6���C������$
7 :�����F����?� X >�@�>���� 7 X"A����.� X D�N�&
���<N���	?V 
 ��� X N���	?1 
 ��4RX N���	�)�� 
 �
��20>��CA���	�@�	<1YUSV � � � ���; A���>�8�	 � F
���� �(��
���IQ���G�; � � � $ X N���	<$ 
 A���	<$
��= A��?F � �5	�H�����9���	��3��;
��� A��?F � ;0	�H�����9���	��3��;
��209���	���F 	 �����
����������O '� 3�*!6���
�����C� �  �� � ���*!�(��� �/� �!��C������C�+N���	?V
� 
 �RX N���	?1
� 
 GC� X 9���	��3�����
������N���	?V
� 
 � X N���	?1
� 
 GC� X 9���	��3�����
����%�N���	?V
� 
 � X N���	?1
� 
 �RX 9���	��3�����
����-?N���	?V
� 
 � X N���	?1
� 
 � X 9���	��3�����
����2�N���	?V
� 
 �RX N���	?1
� 
 � X 9���	��3�����
����4�N���	?V
� 
 GC� X N���	�1
� 
 � X 9���	��3�����
��� 7 N���	?V
� 
 GC� X N���	�1
� 
 � X 9���	��3�����
����;�N���	?V
� 
 GC� X N���	�1
� 
 GC�
����=
����������O )�����!6���� $� <��� /�����,
�*!� 
�����<A��?V 
 �0	�H����?N���	�V
� 
 @�:�&0V
�
����%<A��?V 
 %C� 	�H����?N���	<V
� 
 G�@�:�&�V
�
����2<A��?1 
 �0	�H����?N���	�1
� 
 @�:�&01
�
����;<A��?1 
 �C� 	�H����?N���	<1
� 
 G�@�:�&�1
�
��%�������O ����(����")��
�*!�(C�*)������
��=�=
����� N���	<V�� 
 V X N���	<1�� 
 1 X ����O<B� �(��6���� �(�������$���!����  
�C��� N���	<V 
 V 	 V
� X N���	�1 
 1 	 1
�JX ����O0!��C���� �(�������$���!����� 
����� >��CA���	0@�	?1YUSV � � � � � @�	�1�� U V�� � � ���%�� N���	0)�� 
 )�� 	 �
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��-�� >�@�8�&�� A���	 Q )���L�� ���-�2
��2�� ����O �� �'���$� ��� �#��� �V
�� 
��4�� A��<V 
 ��	�H����?N���	<V
� 
 G0V
�
� 7 � A��<V 
 %C�+	�H����?N���	0V
� 
 G�V
�
��;�� A��<1 
 ��	�H����?N���	<1
� 
 G01
�
��=�� A��<1 
 �C�+	�H����?N���	01
� 
 G�1
�
%����<A���)�� � -���	�H�����9���	��0�����
%C����9���	��3��;

G.7 Capitolul 7

1. Listingul programului este prezentat mai jos. Să subliniem punctele mai delicate ale rezolvării:

Z ı̂n linia 140 se face asupra numărului
�

următoarea operaţie:
N���	<� 
 A���	�@�:�&<�

pentru
a scurta testele asupra lui.

@�:�&
elimină semnul,

A���	
ı̂l aduce la o valoare ı̂ntreagă,

urmând a mai fi verificată doar apartenenţa la intervalul 1–3, ceea ce se face ı̂n liniile
140 şi 145;

Z ı̂n linia 160, acel
� � de 320 de caractere este folosit pentru a şterge doar primele 10 linii

ale ecranului;
Z ı̂n linia 245 este exemplificată o metodă interesantă de a opri execuţia programului până

la apăsarea tastei CR ;
Z cel mai subtil punct al programului este linia 260 — acel

FCA�O3� � Q %�� � . Variabila
� � este

pregătită să preia de la utilizator o denumire de ocupaţie. Pentru a determina care dintre
elementele matricei

( � este egal cu
� � , trebuie efectuată o comparaţie. Dar două şiruri

nu pot fi egale dacă nu au aceeaşi lungime. Pe de altă parte toate elementele lui
( � au

lungimea fixată prin linia 110, la 32 de caractere.
� � este forţat prin

FCA�O
să aibă şi el

această lungime.
Z variabila

@
din linia 275 iniţializată cu 0 este un contor al numărului de persoane ce

au ocupaţia căutată; acest contor e folosit numai ı̂n cazul in care are valoarea finală
0, pentru a indica printr-un mesaj că nu există nici o persoană care să corespundă
cerinţelor (linia 292).

De remarcat aşa numitul meniu, care oferă posibilitatea de a alege o opţiune din mai multe
posibile (liniile 120-149).
������:�����F�����- X A���>�8�	 � D����� ")� ���'�����!� � X � � !����2<A���! � �5	�H�����9���	��3�����
����4�N���	�! 
 A���	�! X A��0! � �����0	�H�����9���	��3�����
������FCA�O�! � Q ! U ��2 � X FCA�O3� � Q ! U %�� � X ����O�!���/� U ��(���)����
���
����%
����2�>��CA���	�@�	3� U���� � >�@�>����<% � ! � � )� ���'�����!� �������>��CA���	 � � 	�@�:?2 � � &� ��� �(�������� ��)��
�*��!� �� X ���%���>��CA���	 � � � 
 A�!�������$���(� ��C� �0)� ���'�����!�� � � �

� � 
 NC��'������
� )� ���'�����!� ��� P'C�5��(���)����
������ +����� � � �
� % 
 NC��'������
� )� ���'�����!� ��� P(��3� � � � ��!���/6�����5��(���)����
�� ���-��<A���>�8�	?� X N���	3� 
 A���	<@�:�&��RX5A��<� � �5	�H�����9���	��3��-��

��-�2<A��.� � %0	�H�����9���	��3��-��
��-�;�9���	��3����� 	 2�� � ���-�=
��2�������O �*!�������$ 
 )� ���' 
��4���FCA�O.� � Q %���� � X >��CA���	�@�	?% U � � � �
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��4�2�>��CA���	�@�	3% U � � � F����
�"!���/��������+���<(����� �$����
���
�+'�� �*!�������$���(� ��
� )� ���'�����!�� � �� 7 �<A���>�8�	�) X"A���) � �5	�H�����9���	��3� 7 �
� 7 ��A���) � !3	�H�����9���	��3� 7 �
� 7 2�>��CA���	�)
��;���>��CA���	 � ����/� ��� JX � ���;��<A���>�8�	�) � X A��0) � 
 � � 	�H�����9���	��3��;����;�2�>��CA���	�) � X N���	0! � Q ) � 
 ) ���;�;�>��CA���	 � ��(���)����
���IX � ���=��<A���>�8�	�) � X A��0) � 
 � � 	�H�����9���	��3��=����=�2�>��CA���	�) � X N���	3� � Q ) � 
 ) ���=�;�>��CA���	�@�	3�C�
U � � � @�)��M'����C� �<����'���� 
 
 
 � X >�@�8�&��?� X D�N�& X 9���	��3����2��=�=
����������O.�C��'�� 
 )� ���' 
�C����D�N�&RX >��CA���	3A����?= � 	�@�:?4 � >�@�>����I� � � ��(���)����
��� 'C�")� ���'�����!� � X N���	�) 
 ������ >��CA���	0	�@�:.2 � A����3� � >�@�>���� 4 � � >�����&���@���@ � � ) � � &��<��8�O���&�	�� � �>�@�>����?2 � ! � Q ) � � 	�@�:?� � >�@�>����0- � 	�@�:?= �

� &EA+@����3��D�8�>�@�	CA�@ � � 	�@�:.� � >�@�>����?2 � � � Q ) ���%�� >��CA���	 X >�@�8�&��?2�� X N���	�) 
 ) 	 �
��-��<A���) � 
 !.	�H�����9���	��<�����
��-�2<A���>�8�	 � @�)���'����
� D�� � � NEA����?� � X D�N�& X 9���	��3����2��-�=
��2�������O.�C��'�� 
 )� ���' 
 (��I�<��( 
��4���D�N�&RX FCA�O?� � Q %�� �� 7 �<A���>�8�	 � ��(���)����
���IX � � � �� 7 %�>��CA���	 � >�����&���@����+D�8I��D�8�>�@�	CA�@ � � � � � �� 7 2�N���	�) 
 � X N���	�@ 
 �
��;�� A��3� � Q ) � 
 � � 	�H����0>��CA���	�) � � 
 � � ! � Q ) � X N���	3� 
 � 	 �
��=�� N���	0) 
 ) 	 �
��=C��A���) � 
 !.	�H�����9���	��<��;��
��=��<A��?@ 
 �0	�H�����>��CA���	�>�@�>����?� � A���� 7 �

� ���.'���!���)� ���'�����!� �(��I��(� ���'�������(���)����
�� � ���=�2<A���>�8�	 � @�)���'����
� D�� � � NEA����?� � X D�N�& X 9���	��3����2

G.8 Capitolul 8

1. Programul pe care ı̂l prezentăm constituie probabil cea mai rapidă şi eficientă metodă de a
rezolva problema. Se foloseşte instrucţiunea

	�@�:
pentru tipărirea de blancuri. Ţinând cont că	�@�:

scrie spaţii şi nu trece pur şi simplu la coloana respectivă, obţinem un mod rapid de a tipări
blancuri, pentru că

	�@�:
se execută ı̂ntr-un timp scurt. Mai departe, logica programului nu e

prea complicată: bucla cu contor
�

trece prin toate culorile, iar bucla � contorizează rândurile
din care este format pătratul pentru fiecare culoare, cu două mai puţin decât pentru culoarea
precedentă (de aici expresia

��2<G?� � � ). Primul pătrat (cel negru) are latura de 15, următorul
13 etc. Laturile verticale ale pătratului de culoare

A
sunt la

7 	 A şi
��%�GEA

. Foarte importantă
este specificarea

>�@�>����?;
cu care ı̂ncepe

>��CA���	
, pentru că altfel primul

	�@�:RQ�� 	 7 � ar şterge
pătratele desenate anterior. (Rulaţi programul şi fără acel

>�@�>�����;
). În fine, instrucţiunea>��CA���	P@�	J� 	 -YU � � fixează colţul din stânga sus al fiecărui pătrat.

������O )����������� �(���!�(� �!����
� (� 
���������I� 
 �0	�� 7
��2�>��CA���	�@�	J� 	 -YU � ���� ����� � 
 ��	�� ��2?G<� � �%�� >��CA���	0>�@�>���� ; � 	�@�:J� 	 7 � >�@�>����3� � 	�@�:3��%?G �%�2 ������	 �-���������	I�
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2. Să urmărim valorile variabilelor pe diferitele linii:
10 a=oarecare

20-40 (ı̂n buclă) a=5, a=12, a=19, a=26
50 w=5, a=26

60-80 bucla nu se parcurge : z=12. w=5, a=26
90 w(1)=w(2)=w(3)=0

100 w=5
110 ı̂ntâi r=oarecare,

apoi r=0 dacă iniţial era 0 sau
.... r=-1 dacă iniţial r

�� 0;
apoi dacă r=0, atunci r = –1,
.... altfel r = –1
concluzie : w=5, r=–1

120-130 w=–5

3. Iată soluţia (
! � ) este modul de

!
la puterea

)
, cu semnul plus când

)
e par şi cu semnul lui

!

altfel):
���3A���>�8�	 � ����/��������5$� ��
��$
��(��������5)����� ��� � � !���3A���>�8�	 � >����� ��� ��JQ��*!����� ���,�� � � � )%��3A���) � � A���	�)3	�H�����9���	������
-���>��CA���	5! � � � � � ) � � 
 � �2��3A���)�L�� 
 A���	 Q )�L�� � 	�H����?N���	0! 
 @�:�& !
4���>��CA���	�&�9��0! � QS@�:�&5! � � )

De remarcat metoda de test a divizibilităţii:
@

se divide cu
:

numai dacă
@�L�:

e ı̂ntreg, adică@�L�: 
 A���	 QS@�L�: � .

G.9 Capitolul 9

1. Vom folosi pentru ,,monstru” litera
O
. Variabilele

V
�
şi
1
�

memorează poziţia anterioară a
monstrului. Prezintă interes mai ales liniile 40-50, ı̂n care se relizează calculul aleator al
noilor coordonate ale monstrului.
Să urmărim procedeul: coordonata variază cu

A���	 QS����F � % � GC� . A���	 QS����F � % � poate fi 0, 1 sau
2. Scăzând 1 vom obţine –1, 0 sau 1. Cele două coordonate variază independent. În liniile
60-90 se aduce monstrul ı̂napoi pe ecran, ı̂n caz că luat-o razna. Linia 95 realizează oprirea
monstrului din periplu, la apăsarea unei taste. Variabila

�
este folosită pentru a reţine culoarea

monstrului, care, având ı̂nsuşiri cameleonice, şi-o schimbă la fiecare pas. Instrucţiunea
A����

=
de la ı̂nceput ne asigură că orătania va fi ı̂ntotdeauna vizibilă. Remarcaţi ajustarea lui

�
ı̂n

linia 98 pentru a-l cicla prin toate valorile posibile. Acestea fiind zise, iată şi programul:
��� A����.= X N���	 � 
 � X >�@�8�&��?2 X ��@���F���OCA � � X N���	�V 
 ��� X N���	�1 
 ������ >��CA���	0>�@�>����I� � @�	<1YUSV � � O �%�� N���	<V
� 
 V X N���	<1
� 
 1
-�� N���	<V 
 V 	 A���	RQS����F � % � GI�2�� N���	<1 
 1 	 A���	RQS����F � % � GI�4�� A��<V � ��	�H����?N���	<V 
 �
7 � A��<V � %C�+	�H����?N���	0V 
 %C�
;�� A��<1 � ��	�H����?N���	<1 
 �
=�� A��<V � �C�+	�H����?N���	0V 
 �C�
=�2 A�� A������ � � � � � � 	�H����?&�	���>=�; N���	J� 
 � 	 � X"A��J� � 7 	�H����?N���	I� 
 �
������>��CA���	�@�	<1
�
U V
� � � � X 9���	������
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2. Programul este un mixaj al celui anterior cu exerciţiul rezolvat, la care se adaugă liniile 20-23
pentru testarea coincidenţei poziţiilor. Am complicat puţin rezolvarea faţă de cerinţe, cerând
trecerea de 8 ori peste monstru, acesta schimbându-şi la fiecare trecere culoarea (variabila$
) — pasămite pierde putere şi se ı̂nnegreşte de supărare. Avem şi timp, reprezentat de

variabila
�
.
V � U 1 � sunt coordonatele jucătorului,

V��
,
1��

coordonatele sale anterioare. Taste
5, 6, 7, 8.
���<N���	?$ 
 7 X N���	<V � 
 � X N���	�1 � 
 � X"A����.= X N���	 � 
 � X >�@�8�&��<2
��20��@���F���OCA � � X N���	�V 
 ��� X N���	�1 
 ���
��� A��<V � � V � 	�H�����9���	��0��2
��% A��<1 
 1 � 	�H����?N���	<$ 
 $IG �
X A��0$ 
 ��	�H����?&�	���>��2 >��CA���	0>�@�>�����$ � @�	<1YUSV � � O �%�� N���	<V
� 
 VYX N���	�1
� 
 1
-�� N���	<V 
 V 	 A���	RQS����F � % � GI�2�� N���	<1 
 1 	 A���	RQS����F � % � GI�4�� A��<V � ��	�H����?N���	<V 
 �
7 � A��<V � %C�+	�H����?N���	0V 
 %C�
;�� A��<1 � ��	�H����?N���	<1 
 �
=�� A��<V � ����	�H����?N���	0V 
 ���
=�; N���	J� 
 � 	 �
X >��CA���	�@�	3�C�
U � � � �
�*/�) X � � �=�= N���	<V�� 
 V � X N���	<1�� 
 1 ������ A�� A������ � � 
 � � 	�H����<9���	��3��2������2 A�� A������ � � 
 � ; � 	�H���� A��?V � � %C�5	�H����?N���	�V � 
 V � 	 �
����� A�� A������ � � 
 � 2 � 	�H���� A��?V � � � 	�H����?N���	�V � 
 V � GJ�
����� A�� A������ � � 
 � 4 � 	�H���� A��?1 � � ���0	�H����?N���	�1 � 
 1 � 	 �
��%�� A�� A������ � � 
 � 7 � 	�H���� A��?1 � � � 	�H����?N���	�1 � 
 1 � GJ�
��-�� >��CA���	0@�	?1�� U V�� � � ���2�� >��CA���	0@�	?1 � U V � � � � ������ >��CA���	0@�	?1
�
U V
� � � ��C����9���	����

G.10 Capitolul 10

1. Programul va tipări numerele 1 şi 0. Iată de ce:
�� C����GC�� C��� 
 �

(au aceeaşi reprezentare
ı̂n memorie), deci

�� C����GC�� C��� 	 � 
 �
apoi

�� C��� 	 � se va aproxima tot prin
�� C���

, căci nu e-
xistă suficientă precizie pentru a memora ultima cifră a numărului

�������������������E�
. De aceea�� C��� 	 ��GC�� ���� 
 � !

Adunarea nu este asociativă!
(Acest lucru este adevărat la toate calculatoarele care lucrează numeric.)

2. Neavând nici o specificaţie de
>�@�>����YU A����YU :��CA�9�H�	YUW:�����F����

sau
A���������&��

, aceste culori şi
moduri de scriere vor rămâne aşa cum erau ı̂nainte de executarea programului. Înainte de a
urmări desfăşurarea programului, să facem o observaţie care ne va folosi adesea: tipărind un
spaţiu ı̂n

�������I�
, imaginea rămâne neschimbată. Acest blanc poate ı̂nsă cauza schimbarea

culorilor! Putem foarte repede să schimbăm culorile unui desen sofisticat, fără a trebui să-l
redesenăm. Iată o secvenţă care face fondul galben, lăsând cernelurile neschimbate:
����2�FCA�O.� � Q %�� � ��� �������>�@�>����?4
����2<A����.; X ����O ������!�'�)����� �! ���
������>��CA���	?�������I� � @�	.� U � � � �

Şi acum, să urmărim programul nostru pe linii:
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5 ecranul e ,,curat”;
6 listingul e pe ecran (ı̂ncape fără

'�(�������� � );
7 cursorul lui

>��CA���	
se mută ı̂n origine;

�������I�
;

10 deasupra listingului sunt scrise numerele de la 1 la 200 (fără
'�(�������� � );

20 cursorul la origine;
50 o nouă listare care o şterge pe cea veche; rămân numerele; cursor sus;
70

��N�@�&�H3�
;

80
� � are 64 de spaţii (2 rânduri);

100 11*2=22 de rânduri de spaţii ı̂n
��N�@�&�H

;
Deci ecranul e ı̂n

��N�@�&�H
, cu cele 200 de numere scrise.

3. Iată rezolvarea, pe care o s-o comentăm pe-ndelete:
������O�����!����� ��5��/��������� ��
23�������?� X"A����?= X D�N�&
���?N���	�V 
 � X N���	�V�, 
 � X N���	�1�, 
 �C���� >��CA���	�@�	?�C�
USV � � � � ���2 A��IA������ � � 
 � � 	�H�����9���	���2��%�� A��IA������ � � 
 � V � 	�H���� A���V � ��;�	�H����<N���	�V 
 V 	 �
-�� A��IA������ � � 
 � � � 	�H���� A���V � ��	�H����<N���	?V 
 V3G �
-�2 A��IA������ � � 
 � � 	�H���� A���1�, 
 �C�5	�H����?N���	<1�, 
 ��� X N���	<V�, 
 V 	 �
2�� A��?1�, 
 �C�+	�H�����9���	��0;��
4�� >��CA���	0@�	?1�,YU V�, � � � L � � @�	<1�, 	 �
UWV�, � � �7 � N���	<1�, 
 1�,3GI�
X"A��<1�, 
 GC�+	�H����<N���	�1�, 
 �C�
X >��CA���	P@�	3� USV�, � � �;���9���	������

Întâi, variabilele folosite:
V

= coordonata orizontală a tunului (cea verticală e mereu 21);
V�,

şi
1�,

= coordonatele eventualului obuz (g de la glonţ);
Am desenat tunul din patru caractere: un spaţiu, tunul

� �
şi ı̂ncă un spaţiu. Această formă ne

oferă un mare avantaj: după mutare, tunul nu mai trebuie şters din vechea poziţie! Aceasta
pentru că, mutându-l ı̂ntotdeauna cu cel mult un patrăţel, spaţiile marginale vor fi tipărite
peste locul unde se afla tunul anterior, ştergându-l! Există şi un dezavantaj: cele două spaţii
ı̂mpiedică tunul să ajungă la marginile ecranului (acest lucru se poate evita adăugând nişte
teste suplimentare). Variabila

V
reprezintă coordonata spaţiului din stânga al tunului, putând

varia ı̂ntre 0 şi 32–4=28.
O altă restricţie (nu foarte nenaturală) este că pe ecran nu se poate afla la un moment dat
mai mult de un glonţ (altfel poziţiile tuturor proiectilelor ar trebui memorate ı̂ntr-un vector, iar la
viteza BASIC-ului mişcarea lor nu ar fi prea cursivă). Glontele l-am construit din două carac-
tere, numitele ,,slash” şi ,,backslash” ( � ). Când nu există nici un glonte pe ecran, considerăm
că se află ı̂n tun, iar coordonata sa verticală este

1�, 
 �C� .
Un lucru foarte important, pe care nu trebuie sa-l scăpăm din vedere, este că glontele, odată
plecat, se mişcă independent de tun.

Întâi iniţializăm variabilele:
V 
 � (tunul pleacă din stânga),

V�, 
 � (iniţializare redundantă, adică
nenecesară) şi

1�, 
 �C� (tun ,,ı̂ncărcat”).
Linia 20 este prima linie a ciclului şi realizează tipărirea belicoasei instalaţii.

În linia 25 se verifică apăsarea vreunei taste; dacă nu sunt taste apăsate, se sare la linia 50,
de unde ı̂ncepe partea care se ocupă cu mişcarea proiectilului.

Linia 30 mută tunul la dreapta, la apăsarea tastei x (dacă se mai poate).

Linia 40 ı̂l mută la stânga.

În linia 45, la apasărea unui spaţiu (
A������ � � 
 � � ), dacă nu există glonte pe ecran (

1�, 
 �C� ),
se porneşte glontele (

N���	�1�, 
 ��� ) memorând totodată şi coordonata de la care a fost tras
(
V�, 
 V 	 � , din cauza spaţiului din stânga tunului).
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În linia 50 programul ı̂nchide bucla, dacă nu e nici un glonţ de mişcat.
Linia 60 desenează obuzul, ştergându-l din vechea sa poziţie (cu un rând mai jos). Interesant
este că, dacă acesta tocmai a fost tras, se şterge nu vechea sa imagine, ci chiar tunul, ceea
ce ı̂nsă nu supără prea tare pentru că tunul va fi redesenat curând (un test suplimentar ar
elimina şi această situaţie).
Linia 70 urcă glonţul (

N���	<1�, 
 1�,�GC�
) şi testează dacă nu cumva acesta a ieşit din ,,spaţiul

de luptă” — ecranul (adică
1�,

a devenit –1) — caz ı̂n care şterge ultima apariţie a glontelui şi
ı̂ncarcă tunul din nou.
În fine, linia 80 reia ciclul.

G.11 Capitolul 11

1. Calculând
�������0�

vedem că este totuna cu
�?���0�

cu excepţia cazului când
� 
 � 
 � . Acest

caz se exprimă prin
��@���F0� 
 �

. Deci
�0�������

se defineşte prin:
Q �?����� � @���F QS����	RQ ��@���F � � �
Programul următor afişează şi tabelul de adevăr (valoarea funcţiei pentru toate combinaţiile
posibile de valori argument).
2<�����?� 
 �0	��3�7 ������� 
 �0	��I���� >��CA���	<� � � ����� � � � � � 
 � ���� N���	3( 
 Q ������� � @���F QS����	RQ ��@���F � � �%�� >��CA���	<(
-�� ������	��
2���������	?�

2. Iată ı̂ntâi rezolvarea, după care vom face unele precizări:
���?N���	?� 
 � X"A���>�8�	 � &C������� �*! (����� �'� 0(�������� X � � � ���2�>��CA���	�>�@�>����?4 � � � � >�@�>���� 7 � � (���)��
�*!�$� ")� � ����3A���>�8�	 � &C��������(����� �'� <(��������JX � � � ���2�>��CA���	�>�@�>����?2 � � � � >�@�>���� 7 � � � � � � �%��3A���: � 
 � � ���.N�����: � � N����0@ � 	�H����?&�	���>
-��������3A 
 �5	���N����<@ � G�N�����: � 	 �2�� A��?@ � Q��"	��I� 	 N����5� � GC� � 
 � � 	�H����<N���	.� 
 � 	 �
X >��CA���	�>�@�>�����2 � : � � XN���	I� 
 � 	 N����<: � G �
X 9���	��04��
2�2 >��CA���	?� � Q�� � �4���������	I�
7 ��>��CA���	 � � � : � � >�@�>�����% � � ��)����� +$� � � � � � ���
� 
 �

Corectitudinea acestui program este discutabilă, ı̂n funcţie de sensul pe care ı̂l dăm cuvântului
,,cuprinde” din enunţ. Putem considera că şirul � ����� � se cuprinde de două ori ı̂n şirul � ��������� �
, sau o singură dată fără să se ,,autointersecteze”. În forma scrisă mai sus, programul găseşte
doar şiruri care nu se autointersectează, ı̂nsă poate fi modificat cu uşurinţă pentru a găsi şi
astfel de apariţii, ı̂nlocuind linia 50 cu:
2�� A��.� � Q��"	��I� 	 N������ � GC� � 
 � � 	�H����<N���	.� 
 � 	 �

Am dat programul ı̂n această formă pentru că am exemplificat ,,marcarea” şirurilor găsite,
scriindu-le cu o altă culoare, lucru mai dificil ı̂n cazul autointersectării.
Remarcaţi căutarea lui

� � ı̂ncepând de la primul până la al
Q N����?� � G?N���� � � 	 � � -lea car-

acter, precum şi instrucţiunea de test cu
	��

.
�

este contorul apariţiilor.

3. Acest program introduce unele elemente interesante, cum ar fi alegerea tastelor de către
jucător şi o metodă originală de animaţie folosind

'�(��������
. Iată, comentate, punctele delicate:
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Z cele două taste vor fi memorate ı̂ntr-o variabilă şir cu lungimea de două caractere (
� � ),

căreia la ı̂nceput ı̂i dăm valoarea arbitrară � )�� � .
Z variabilele

& U � U �
reprezintă, respectiv, scorul (timpul de joc), coordonata din stânga

şoselei şi coordonata maşinii, care, pentru a se afla pe şoseaua cu lăţime de 8 carac-
tere, trebuie să satisfacă relaţia � ��� ���

�
� .

Z Tasta ,,dreapta” este memorată ı̂n
� � Q�� � . Lăsăm cititorului testarea alegerii unor taste

incorecte (de pildă, aceeaşi tastă pentru ambele direcţii).
Z O şmecherie care ne uşurează munca este afişarea scorului curent pe prima linie a

ecranului, astfel ı̂ncât
'�(��������

-ul să elimine necesitatea ştergerii vechii valori.
Z Testul ieşirii din şosea este evident. Recunoaştem, de asemenea, metoda unduirii ale-

atoare a şoselei şi a variaţiei coordonatei maşinii.
Z Interesant este faptul că nu trebuie testat dacă maşina a ieşit din ecran, pentru că ı̂nainte

ea ar fi trebuit să iasă din şosea. Linia 65 produce o accelerare cu timpul. Cele două
apostrofuri din linia 20 au menirea de a avansa ecranul.

������O �����C�*�
�3N���	?� � 
 � )�� � X A���>�8�	 � '�����!�,�� � � � � X N���	?� � Q � � 
 � �-JA���>�8�	 � $��� ���)���� � � � � X N���	?� � Q�� � 
 � ����?N���	?' 
 � X N���	�� 
 ���IX N���	?� 
 ��2��� >��CA���	�@�	?�C�
U � � � � � � @�	?�C�
U � 	 ; � � � � � @�	3�C�
U � � � � � � � @�	?� U ��- � � &�D���� � � &��2 >������?��%�4�=�� U ��2�2
%�� A��.� � 
 � ���3� � 
 � 	 ;�	�H�����>��CA���	0@�	.�C�
U �C� � � D���@�&�H � � X &�	���>-�� N���	�� 
 � 	 A���	 QS����F � % � GI�
-�% A���� � ��	�H����?N���	0� 
 �
- 7 A���� � ��%�	�H����?N���	0� 
 ��%
2�� N���	?� 
 � 	 Q*A������ � � 
 � � Q�� � � G Q*A������ � � 
 � � Q � � �4�2 �����I� 
 �+	�� Q���2�����G<' � L�%���� X ������	I�7 � N���	?' 
 ' 	 �;���9���	������

G.12 Capitolul 12

1. Vom folosi un păianjen cu numai 6 picioare, şi alea scurte, reprezentat de caracterul � .
Vom proceda altfel decât deobicei, pentru că nu vom memora poziţia veche pe care arahnoida
a ocupat-o, ci deplasarea pe care o face pentru a ajunge ı̂n poziţia cea nouă.

�
şi
�

vor fi res-
pectiv adaosurile la coordonatele

V
şi
1
. Acest mod de reprezentare ne permite să trasăm

mai uşor segmentele pânzei. Pentru a asigura imposibilitatea ieşirii din ecran atunci când
păianjenul este la margine, vom face ca la programul de biliard, forţând incremenţii la valori
cu un anume semn. Asta fac liniile 23-27.
Pentru a nu şterge şi pânza când orătania se mişcă, o vom şterge şi desena folosind

�������I�
.

Interesantă este şi metoda de calcul a coordonatelor unui punct din grila de ı̂naltă rezoluţie
care corespunde unui pătrăţel de coordonate

V
şi
1

ı̂n cea de joasă rezoluţie. Pe orizontală
vom avea

V � ; 	 -
, pentru că fiecare pătrat are latura de 8, iar centrul e la 4 pixeli de latura din

stânga. Pe verticală e un pic mai greu, pentru că originile nu corespund pe ecran. De aceea,1
trebuie ı̂ntâi inversat ı̂n

�C��G�1
şi abia apoi aplicat acelaşi procedeu. Pânza este formată din

segmente cu dimensiunile
; � � şi respectiv

G�; � � (minus din cauza inversării lui
1
).

Un ultim amănunt: pentru că pânza nu se trasează ı̂n
�������I�

, ordinea operaţiilor este urmă-
toarea: se şterge păianjenul, se desenează pânza spre noua poziţie şi abia apoi se mută
păianjenul. Cum totul merge repede, nu se vede că pânza o ia de fapt ı̂nainte!
������O '�)6��$� ���'
���?N���	�V 
 ��� X N���	<1 
 ��� X >��CA���	�@�	?1YUSV � � � �
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��� N���	?� 
 A���	RQS����F � % � GC��C� N���	�� 
 A���	RQS����F � % � GC���% A��?V 
 � 	�H����?N���	.� 
 @�:�&?�
��- A��?V 
 %C�"	�H����?N���	?� 
 G�@�:�&��
��4 A��?1 
 � 	�H����?N���	�� 
 @�:�&��
� 7 A��?1 
 �C�"	�H����?N���	�� 
 G�@�:�&5�
��= >��CA���	?�������I� � @�	<1YUSV � � � �%�� >�N���	�V � ; 	 -YU�Q �C��G�1 � � ; 	 - X F���@ � ; � � U G�; � �%�2 >��CA���	?�������I� � @�	<1 	 � U V 	 � � � � �-�� N���	�V 
 V 	 � X N���	<1 
 1 	 �
2���9���	������

2. Pentru a testa formula propusă facem şi o tablă de conversie grade-radiani:
���0>��CA���	�@�	3� U � � � ,�����$  � U � � ��$
����!
� ����0����� � 
 � 	��?=�� X >��CA���	 �
U+��LC��;�� � % 
 ��-
��2�=�� X ������	I�

Realizaţi şi conversia inversă — radiani-grade — din 0.05 ı̂n 0.05 radiani.

3. Pentru a face mai util programul, vom mări numărul de segmente al desenului până la 24.
Vom proceda la rezolvare, astfel:

Z vom afla numărul de vârfuri ale desenului; ı̂l punem ı̂n variabila
�

(liniile 10-30);
Z vom rezerva spaţiu pentru a memora celelalte

!�GC�
vârfuri (primul schimbându-şi coor-

donatele la mişcarea desenului) ı̂n doi vectori,
VYQ !�GC� � ,

1YQ !�GC� � (liniile 40-45);
Z vom permite utilizatorului să fixeze vârful de pornire cu ajutorul a cinci taste (5, 6, 7, 8

pentru deplasări şi 0 pentru a-l fixa) (50-90);
Z cu aceleaşi taste vom afla şi coordonatele celorlalte vârfuri, memorându-le ı̂n vectorii

corespunzători; vom trasa segmentele (95-180);
Z permitem mişcarea ı̂ntregului desen cu tastele 5, 6, 7, 8 (200-240).

Listingul:
���0����O �*!�������$���(� ��� �� $� �'� �!������6�
��20:�����F����?2 X �������?�
��� A���>�8�	 � ����/�����$� �B�����#����
�3X � � !%��<N���	�! 
 A���	�! X A��0! � �<����! � ��2�	�H����09���	������-��0FCA�O?VYQ !�GC� � X FCA�O?1YQ !�GC� �-�20>��CA���	�	�@�:I��� � ! � � B�����#����
� �2��<N���	?V 
 � X N���	<1 
 �2�2 >�N���	<VYUS1RX >�@�8�&��?� X >�N���	3A���������&��3� � VYUS14�� N���	<V 
 V 	 Q*A������ � � 
 � ; � @���F�V � ��2�2 � GRQ*A������ � � 
 � 2 � @���F<V � � �7 � N���	<1 
 1 	 Q*A������ � � 
 � 7 � @���F�1 � � 7 2 � GRQ*A������ � � 
 � 4 � @���F<1 � � �;�� A��IA������ � � � � � � � 	�H����09���	���2�2=��<N���	?V�� 
 � X N���	�1�� 
 � X >�N���	�V�� US1��
=�2<N���	?V
� 
 VYX N���	�1
� 
 1
= 7 N���	�/6�*!�V 
 V�� X N���	<O�@���V 
 V��RX N���	�/6�*!�1 
 1�� X N���	?O�@���1 
 1��
����������� � 
 �+	�� !�GC�
����2 >��CA���	0@�	.� U 2 � � B�����#�����(����� �!�� X � � � 	 � � � $
�*! � � !����� �������I�
X >�N���	�VYUS1RX F���@ � V
��G�VYUW1
��G�1RX >�@�8�&���� X

>�N���	�VYUS1RX F���@ � V
��G�VYUW1
��G�1
����� N���	�V
� 
 V
� 	 Q*A������ � � 
 � ; � @���F0V
� � ��2�2 � G Q*A������ � � 
 � 2 � @���F�V
� � � �����2 N���	�1
� 
 1
� 	 Q*A������ � � 
 � 7 � @���F01
� � � 7 2 � G Q*A������ � � 
 � 4 � @���F�1
� � � ���%�� A�� A������ � � � � � � � 	�H�����9���	��3�������-�� N���	<VYQ�� � 
 V
�PG0V X N���	�1YQ�� � 
 1
�PG<1
��-�2 �������3� X >�N���	�VYUS1 X F���@ � V
��G�VYU 1
��G�1
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��2�� N���	<V 
 V
�IX N���	?1 
 1
���2�2 A��<V
� � /6�*!�V�	�H����3N���	�/6�*!�V 
 V
�
��2�4 A��<V
� � O�@���V�	�H����3N���	�O�@���V 
 V
�
��2 7 A��<1
� � /6�*!�1�	�H����3N���	�/6�*!�1 
 1
�
��2�; A��<1
� � O�@���1�	�H����3N���	�O�@���1 
 1
�
��4���������	I�
� 7 �
��;����������I�
X N���	?V 
 V�� X N���	�1 
 1��������D�N�&RX ����O�/6��'�(����� ��5$� �'� �!������6�
�C��� >�N���	<VYUS1RX ����� � 
 �"	���!�GC�IX F���@ � VYQ�� � U 1YQ�� � X ������	I�
X >�@�8�&����
�C��2 >�N���	<VYUS1RX ����� � 
 �"	���!�GC�IX F���@ � VYQ�� � U 1YQ�� � X ������	I�
����� N���	<V 
 V 	 Q*A������ � � 
 � ; � @���F�V � ��2�2�G<O�@���� 	 V�� �G Q*A������ � � 
 � 2 � @���F�V � V��<G�/6�*!�V ���%�� N���	<1 
 1 	 Q*A������ � � 
 � 7 � @���F�1 � � 7 2�G<O�@�� � 	 1�� �G Q*A������ � � 
 � 4 � @���F�1
� � 1��?G0/6�*!�1 ���-���9���	����C���

O primă problemă care trebuie lămurită este modul de memorare a poziţiei vârfurilor — ı̂n
coordonate absolute sau relative la vârful anterior? Am optat pentru a doua soluţie, pentru
că
F���@ � lucrează ı̂n coordonate relative, deci scurtăm calculele de făcut la momentul trasării,

care trebuie să fie cât mai rapidă (şi aşa mişcarea desenului va avea mai mult un caracter de
redesenare).
Cel mai greu de rezolvat se dovedeşte chestiunea ieşirii desenului din ecran: având mai
multe vârfuri, oricare din ele ar putea ieşi ı̂n cursul mişcării. Totuşi, am ieşit la liman destul de
simplu. Să facem o schiţă a unui eventual desen, pentru a ne clarifica ideile (suntem ı̂n faza
introducerii desenului):

�1
�

�
�

�
� � 2�

�
� 3�

�
�

�
�

�
�

�
�
4

� 5�6

Z 1, 2, 3, 4, 5, 6 sunt vârfurile, ı̂n ordinea introducerii lor;
Z cu linie punctată este figurat dreptunghiul minim de aceeaşi orientare cu ecranul ı̂n care

ı̂ncape tot desenul;
Z cu linie continuă — desenul;
Z cu linie continuă ı̂ngroşată — marginile ecranului grafic;
Z /6�*!�VYU O�@����YU /6�*!�1YU O�@�� � desemnează valorile acestor variabile din program.
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Constatăm că un segment nu poate ieşi din ecran decât dacă cel puţin unul dintre vârfurile
sale iese, pentru că ecranul este o figură convexă. Notăm cu

/6�*!�V
cea mai mică dintre

coordonatele
V

ale tuturor vârfurilor (pe desen e vârful 6), cu
O�@����

cea mai mare dintre coor-
donatele

V
ale tuturor vârfurilor (pe desen pentru 3); la fel

/6�*!�1
şi
O�@�� � . Fie acum coodonatele

primului vârf,
V��

şi
1��

. Dacă ı̂n cursul mişcării (partea a doua a programului) acest vârf ajunge
la coordonatele

VYUS1
, atunci coordonata orizontală a vârfului, care iniţial era la

/6�*!�V
, va fi acum/6�*!�V 	 V�G�V�� . Condiţia ca acest vârf să nu iasă prin stânga (deci ca nici un vârf să nu iasă prin

stânga, acesta fiind cel mai din stânga vârf) este
/6�*!�V 	 V�G�V�� � �

sau, cum apare ı̂n linia 220,V � V���G�/6�*!�V
.

Analog, vârful care iniţial era la
O�@����

se va afla la
O�@���� 	 V3G0V��

. Condiţia să nu iasă prin
dreapta este

V � ��2�2<G�O�@���� 	 V��
. Avem relaţii similare pentru

1
.

Ar mai fi de explicat prin program:

Z metoda de a mişca primul punct: linia 55 ı̂l desenează, aşteaptă apăsarea unei taste şi
ı̂l şterge, scriindu-l ı̂n

A���������&��3�
;

Z metoda de a desena segmente ,,elastice” — linia 110;
Z ı̂n linia 150 se ţin ı̂n

V
şi
1

coordonatele absolute punctului tocmai trasat, pentru a putea
calcula poziţia relativă a următorului punct faţă de acesta.

V
�
şi
1
�

sunt coordonatele
absolute ale vârfului curent;

Z liniile 155-158 actualizează valorile coodonatelor extreme ı̂n cazul fixării unui nou punct;
Z ı̂n fine, liniile 200-240 ajută la mutarea desenului, modificând coordonatele

V
şi
1

ale
vârfului iniţial. Remarcaţi ştergerea şi trasarea ı̂n

�������I�
.

4. Spunem ı̂n enunţ ,,opt taste”, pentru cele patru direcţii fundamentale şi cele patru diagonale.
După cum am mai spus, mişcarea pe diagonală o vom concepe ca sumă a două mişcari pe
axe.
Pentru a ilustra şi alte tehnici am introdus şi posibilitatea schimbării modului de trasare: punc-
tul lasă/şterge urme, fără a complica prin aceasta programul. Am ales sugestiv tastele ı̂n jurul

lui S , fiecare pentru direcţia corespunzătoare:

Q W E

A D

Z X C

Folosim butonul 0 pentru schimbarea de mod scrie/şterge.
Am sacrificat prima linie a ecranului pentru a afişa permanent coordonatele punctului şi modul
de trasare. (În Capitolul 18 vom ı̂nvăţa să folosim linia 23 pentru acest scop.) Valoarea
maximă pentru

1
devine 167.

Pentru a scrie/şterge vom folosi o variabilă
O
, care va fi 0 pentru scris şi 1 pentru şters; vezi

folosirea ei ı̂n linia 45.
Am mai introdus următorul efect: linia 40 va face ca pătrăţelul ı̂n care se află punctul să cli-
pească alternativ ı̂n alb şi galben, pentru a ajuta reperarea acestuia pe ecran. În această linie
punctul doar ı̂şi semnalează poziţia clipind; trasarea efectivă se face ı̂n 45.
Remarcaţi şi schimbarea valorii lui

/
ı̂n linia 70. Schimbarea este ı̂nsoţită de un efect coloristic

pe
:�����F����

.

În fine, se vede cum grupe de câte trei taste folosesc la deplasarea punctului pe câte o
direcţie. Tastele care corespund diagonalelor au acţiune pe mai multe direcţii simultan (liniile
50 şi 55). Explicaţi ce se ı̂ntâmplă dacă punctul ajunge la o margine şi ı̂l mişcăm ı̂n continuare
ı̂n diagonală.
������O  �$
��������,�����#
��(
���?N���	�/ 
 � X N���	<V 
 ����; X N���	<1 
 ; 7
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����:�����F�����4 X >��CA���	P@�	3� U � � >�@�>����?4 � 	�@�:?%C� � � �%���>�@�>�����;
-�� �������I�
X >�N���	�>�@�>����?4 USVYUS1YXW>�N���	�>�@�>���� 7 USVYUS1YX A�� A������ � � 
 � � 	�H�����9���	���-��-�2 >�N���	?�������?� � A���������&��5/ � VYUS12�� N���	�V 
 V 	 Q�Q*A������ � � 
 � $ � ���IA������ � � 
 � $ � ���IA������ � � 
 � ( � � @���F0V � ��2�2 �G Q�Q*A������ � � 
 � 
 � ���IA������ � � 
 � � � ���IA������ � � 
 � � � � @���F0V � � �2�2 N���	�1 
 1 	 Q�Q*A������ � � 
 � 
 � ���IA������ � � 
 � 
 � ���IA������ � � 
 �  � � @���F01 � ��4 7 �G Q�Q*A������ � � 
 � � � ���IA������ � � 
 � V � ���IA������ � � 
 � ( � � @���F01 � � �4�� >��CA���	?�������?� � @�	3� U � � � V 
 � � V � 	�@�:.; � � 1 
 � � 1 � 	�@�: ��; �4�2 >��CA���	RQ � '�(��
�� � @���F0/ 
 � � 	 Q � '��� ���,� � @���F�/ 
 � �7 � A��IA������ � � 
 � � � 	�H����3N���	�/ 
 ����	�/ X ����� � 
 � 	��<2 X >�@�8�&��I�
X :�����F�����2 X:�����F�����-YX :�����F�����% X :�����F������ X :�����F����I�
X :�����F����?� X :�����F�����4 X

������	I�
X 9���	���4��
;���9���	���-��

G.13 Capitolul 13

1. Algoritmul de fill(= a umple, ı̂n englez̆a) este tipic pentru un algoritm recursiv. Iată esenţa sa:
Pentru a aplica algoritmul ı̂ntr-un punct (a haşura conturul ce cuprinde acel punct) ı̂ntâi
colorăm acel punct, apoi testăm ı̂n ordine cei patru vecini ai săi (de pildă, ı̂ntâi cel din dreapta,
apoi cel de deasupra, apoi cel din stânga, apoi cel de dedesubt). Dacă punctele testate sunt
,,albe” le aplicăm acelaşi algoritm. Dacă am testat toţi vecinii, am terminat cu algoritmul pen-
tru acest punct şi revenim la cel anterior. Pentru a aplica algoritmul unui vecin şi apoi a reveni
la punctul anterior se foloseşte

9���&�8�:�G�����	�8����
. Iată o subrutină care face acest lucru (o mare

consumatoare de memorie şi timp):
=������<A��?>��EA���	YQSVYUS1 � 
 �5	�H���������	�8���� X ����O�)���!�(��?��)��
�*!�'
=�����2�>�N���	�VYUS1
=��C���<A��?V � ��2�2�	�H����?N���	0V 
 V 	 �
X 9���&�8�:?=������ X N���	�V 
 V.G �
=������<A��?1 � � 7 2�	�H����?N���	01 
 1 	 �
X 9���&�8�:?=������ X N���	�1 
 1.G �
=���%��<A��?V<	�H����?N���	�V 
 V3GI�
X 9���&�8�:?=������ X N���	?V 
 V 	 �
=���-��<A��?1<	�H����?N���	�1 
 13GI�
X 9���&�8�:?=������ X N���	?1 
 1 	 �
=���2�������	�8����

Să-l ı̂ncercăm:
DCA���D�N��I����; U ; 7 U���2 X N���	<V 
 ����; X N���	01 
 ; 7 X 9���&�8�:<=������

sau, mai complicat:
20>�N���	I����; U ; 7
��20�����I� 
 �+	��<��2?&�	���>0-
��2 F���@ � � � �
U � X F���@ � � U � � �
X F���@ � G�� � ��G�-YU � X F���@ � � U G�� � ��G�-%�20������	I�
-�20F���@ � % U %
2�2<N���	�V 
 ����; X N���	?1 
 ; 7 X 9���&�8�:�=������

;�=�=�=�&�	���>

2. Din nou, o problemă cu multă geometrie:
�5����O '�#� ����C��$

�����<N���	�� 
 ;�4 X N���	�� 
 >CAML�-YX N���	�B 
 G�>CAML�% X N���	�!�/ 
 4 X N���	�!�) 
 4�����<N���	?'�� 
 &EA���� X N���	3(�� 
 D���&"� X N���	<'�B 
 &EA���BYX N���	<(�B 
 D���&+B����;
����=0����O ������'���/�/� ��
��$
����!� ��M 
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�����0�����?� 
 �0	���>CAMG 
 � &�	���>�>CAML�!�/����2 N���	3(�� 
 D���&�� X N���	3'�� 
 &EA��������� �����J� 
 G�>CAML��5	���>CAML��0&�	���> 
 ��-YX N���	?(C� 
 D���&3�
X N���	.'C� 
 &EA��3�����2 N���	0V 
 V � (�� � (C�?X N���	�1 
 � � Q 'C� � ( �?G?'�� � (C� � '�� � XW9���&�8�: =��������4�� ������	J�
� 7 �0������	?�
��=�=
�����0����O�������'���/�)��������� ��� ��� 
��=��0�����?� 
 >CAML�!�)�	���>CAML��0&�	���>�>CAML�!�) X N���	.'�� 
 &EA���� X N���	?(�� 
 D���&��%���� �����J� 
 ��	��0>CA &�	���> 
 ��-YX N���	.'C� 
 &EA��3�
X N���	?(C� 
 D���&3�%C��� N���	 	 
 � � '�� � '�� � 'C�%���� N���	0V 
 � � '�� � (C�?X N���	�1 
 � � (�� � (�� 	 	 X 9���&�8�:�=������ X

N���	�1 
 1�G 	 G 	 X 9���&�8�:?=������
%�%�� ������	J�
%�-��0������	?�
=����<&�	���>
;�=�=�=�����O����������
�� <�*! � �������0� �=�������N���	�V
� 
 V � (�B�G�1 � '�BYX N���	?1
� 
 V � '�B 	 1 � (�BYX>�N���	I����; 	 V
�
U ;�; 	 1
�
XW>�N���	I����;�G�V
�
U ;�;�G�1
�IX ����	�8����=C������>�N���	I����; 	 VYU ;�; 	 1YX >�N���	I����;�G�VYU ;�;�G�1RX ����	�8����

În acest program se ascund concepte extrem de complexe, cum ar fi cel al reprezentării
grafice a figurilor tridimensionale. Este un subiect palpitant, dar din păcate prea amplu pentru
a fi tratat aici. Exerciţiul acesta este accesibil mai curând celor care au cunoştinţe ı̂n domeniu
din alte surse decât acest modest material. Explicaţiile pe care le vom da vor fi succinte.
Ideea centrală este următoarea: dacă avem o figură ı̂n trei dimensiuni formată din puncte cu
coordonatele ��� ��� ����� , atunci o metodă de a reprezenta aceste puncte este de a le proiecta
simplu pe planul �
	 � , adică de a le reprezenta prin punctele cu coordonate ��� ����� . Asta am
şi făcut ı̂n cazul sferei, numai că am complicat puţin problema, rotind sfera. Poziţia sferei am
descris-o prin poziţia axului ei (faţă de care ea este simetrică), iar poziţia axului am descris-o
prin două unghiuri,

�
cu planul ecranului şi

B
cu planul vertical perpendicular pe ecran.

Alte variabile:
�
=raza ı̂n pixeli,

!�/
=numărul de cercuri meridiane trasate,

!�)
=numărul de cer-

curi paralele (inclusiv punctele de la poli).
Buclele ı̂n

�
trasează de fiecare dată câte un cerc; ı̂ntâi cercuri meridiane, apoi cercuri par-

alele. Buclele ı̂n
�

selectează care din aceste cercuri se trasează. Pe linii:
110 contorizează meridianele;
120 pregăteşte punctele fiecărui meridian;
125 calculează meridianele ca elipse rotite;
290 contorizează paralelele;
300 variază prin punctele fiecărei paralele;
320 trasează punctele fiecărei paralele şi a simetricei ei.

Toate aceste linii calculează punctele sferei ca şi cum ar fi rotite numai ı̂n jurul axei 	
� .
Procedura de la linia 9000 realizează şi rotirea ı̂n jurul axei 	 � , rotind doar proiecţiile punctelor
(cu alte cuvinte, realizează ı̂nclinarea axei).
9000 ı̂nclină axa şi trasează două puncte: cel calculat şi simetricul faţă de centrul sferei.
Procedura de la 9100 nu se execută niciodată; ea este identică celei de la 9000, cu excepţia
faptului că nu mai ı̂nclină axa; introducând un

����O
la ı̂nceputul liniei 9000, puteţi să rulaţi

programul şi ı̂n această variantă.
Iată şi un desen care ar trebui să explice formulele de rotaţie ı̂n jurul unei axe:
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� ��� � ���

�
�

�
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� ��� � � � � �

�
�

Vrem să rotim punctul ��� � ��� ı̂n jurul originii (sau, dacă preferaţi, ı̂n jurul axei 	 � ) cu un unghi
� . Trebuie să calculăm poziţia finală ��� � � � � � . Fie � lungimea segmentului din origine până la
��� � ��� . Putem scrie relaţiile (evidente):

� � �����
	 �
� � ��	���
 �

� � � �����
	 �
�

�

� � � ��	���
 �
�

�

Dezvoltăm ���
	 � �
�

� � şi 	���
 � �
�

� � ca la şcoală:

������	 � �
�

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

��	���
 � �
�

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

Observăm că parantezele de mai sus din partea dreaptă reprezintă chiar valorile lui � şi � .
Deci:

� � � � ����	 � � � 	���
 �

� � � � 	���
 �
�
� ���
	 �

Această formulă apare limpede ı̂n procedura de la linia 9000. Prin metode similare se pot
deduce şi celelalte. Lăsăm ca exerciţiu (nerezolvat) demonstrarea lor.

3. Un program amuzant şi simplu:
���?N���	�V 
 ����� X N���	�1 
 2����2?N���	 � 
 2�� X N���	�
 
 ;����;?N���	?� 
 G�� 
 2JX N���	�� 
 G����=?N���	?( 
 GC� X N���	<$ 
 � 
 2���������I� 
 �5	���%������� >�N���	�VYUS1YX F���@ � � G�VYUS
�G�1��2 A��?V � 20���?V � ��2���	�H����<N���	?� 
 G��%�� A�� � � 20��� � � ��2���	�H����<N���	?( 
 G�(%�2 A��?1 � 20���?1 � � 7 ��	�H����<N���	�� 
 G��-�� A��?
 � 20���?
 � ��2���	�H����<N���	�$ 
 G�$2�� N���	�V 
 V 	 � X N���	?1 
 1 	 �4�� N���	 � 
 � 	 ( X N���	?
 
 
 	 $7 ��������	I�
;���D�N�& X 9���	������
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Capetele au coordonatele (
VYUS1

) şi ( � US
 ), care iau iniţial valori arbitrare (liniile 10-15) dar nu
prea aproape de margine.

� U � U ( U $
sunt valorile cu care cresc

VYU 1YU � U 
 . Iau şi ele
valori arbitrare (dar mai mici ca 5).
Linia 20 asigură trasarea a câte 300 de segmente.
Linia 22 le trasează.
Liniile 25-40 reflectă capetele când ajung la o distanţă mai mică de 5 faţă de margine.

În 50-60 se calculează următorul segment.
Linia 80 face puţină curăţenie şi trece la un nou desen.

G.14 Capitolul 14

1. Iată noul program:
��� A���>�8�	 � #YQSV � 
 � � NEA���� 
 ���� A���>�8�	 � #YX � � � V�� � � U � � V�� � � � G � � � � 1�� � � U � � 1�� � � � �%��<N���	?��V 
 ��2�2�L QSV���G�V � � X N���	3��V 
 G�V�� � ��V-��<N���	?��1 
 � 7 2�L QS1���G�1 � � X N���	3��1 
 G�1�� � ��12�2 A��?V�� � �?���<V�� � �<	�H�����9���	���;��
4�� >�N���	?��VYU � X F���@ � � U�� 7 2
4�� A��.��V � 
 ��@���F?��V � 
 ��2�%�	�H�����F���@ � � U G�-YX F���@ � G�-YU � X F���@ � � US-
4�2 A��.��V � ��	�H�����F���@ � � U G�-RX F���@ � G�� U �
4�; A��.��V � ��2�%�	�H�����F���@ � � US-YX F���@ � � U �
;�� A��?1�� � �?���<1�� � �<	�H�����9���	��3�����
;�� >�N���	?� U ��1YX F���@ � ��2�2 U �
;�2 A��.��1 � 
 ��@���F?��1 � 
 � 7 %�	�H�����F���@ � G�-YU � X F���@ � � U G�-YX F���@ � -YU �
=C� A��.��1 � ��	�H�����F���@ � G�-YU � X F���@ � � U �
=�2 A��.��1 � � 7 ��2�%+	�H����<F���@ � G�-YU G��JX F���@ � � U G��
=�=
�����������?V 
 V���	��0V�� &�	���> ��L���V
����2 N���	<1 
 ��@�N 
 ������ N���	<V�� 
 V � ��V 	 ��V
����2 N���	<1�� 
 1 � ��1 	 ��1
����� A��<1�� � 
 ��@���F�1�� � 
 � 7 2�	�H�����>�N���	�V��YUS1��
��%���������	�V

Programul a ieşit ceva mai scurt decât cel din exerciţiul rezolvat, pentru că am eliminat testele
care nu prezintă interes din punct de vedere al noutăţii şi ceva grafică (scrierea limitelor de
trasare). Să-l comentăm pe acesta:
Pe linii:
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10 Se cere expresia funcţiei.
20 Se defineşte suprafaţa pe care se trasează (coordonate reale).
30 Folosind regula de trei simplă, se determină coordonata (orizontală, ı̂n sistemul

ecranului) a axei 	 � . (La un interval de lungime 255 corespunde un interval de
lungime

V���G�V��
;
��V

se află la o distanţă egală cu
G�V��

de marginea stângă a in-
tervalului [

V�� U V��
], deci la

G�V�� � ��2�2�L QSV���G�V�� � de limita stângă a intervalului
[0, 255].)

40 Ca mai sus, dar pentru axa Ox.
55 Dacă intervalul [

V�� U V��
] nu include punctul 0, atunci axa 	 � nu apare pe ecran

şi se sare la linia 80.
60 Se trasează 	 � .
62 Dacă 	 � nu e prea aproape de marginile ecranului, atunci e loc pentru a trasa

şi o săgeată ı̂n vârful ei.
65 Dacă 	 � e prea ı̂n stânga, trasăm doar jumătatea din dreapta a săgeţii.
68 Când 	 � e ı̂n dreapta, trasăm partea din stânga a săgeţii.

80-95 Echivalentul liniilor 55-68 pentru cealaltă axă.
100 Pentru punctele din intervalul [

V�� U V��
] luate astfel ı̂ncât să fie ı̂n număr de 256

(se vor trasa
QSV���G�V�� � L�&�	���> 
 QSV���G�V�� � L���V 
 ��2�2

la care se adaugă şi punctul
din dreapta), vom trasa funcţia.

105
1

este valoarea funcţiei ı̂n punctul
V
; linia cheie a programului.

110 Folosind din nou regula de trei simplă, calculăm unde pică
V

pe ecran (justificaţi
formula obţinută).

115 Iată şi locul unde ar trebui să fie
1 
 #YQSV � .

120 Dacă
1��

ı̂ncape pe ecran (
V��

ı̂ncape sigur), atunci trasăm un punct al graficului.
130 Evident.

Variabile folosite:V�� USV��
limitele intervalului pe 	
� ;1�� US1��
limitele intervalului pe 	 � ;


 � expresia funcţiei ı̂n BASIC;��V
o constantă pentru trecerea din sistemul de coordonate cu limitele
[
V�� U V��

] ı̂n cel cu limitele [0, 255]��1
pentru trecerea [

1�� U 1��
] � [0, 175]��V

coordonata originii pe axă, ı̂n pixeli; poate fi ı̂n afara ecranului (de pildă,
pentru trasare ı̂n intervalul [2, 3] pe 	
� );��1
similar cu

��V
;V��

coordonata de pe ecran care ı̂i corespunde lui
V

ı̂n intervalul dat;1��
coordonata

1
ı̂n sistemul ecranului.

2. Programul acesta este foarte spectaculos şi simplu de realizat. Pentru a mări literele, vom
folosi următorul artificiu: le vom scrie invizibil ı̂ntr-un colţ al ecranului şi apoi vom explora acea
zonă cu

>��EA���	
. Iată programul şi nişte comentarii:

�5����O �
���������
� ���
��$
�*/� �!�'C��� !����� 
�<N���	.����� 
 4 X N���	.��� 
 ������LC� 
 4%0>��CA���	3A���� 7 � @�	.�C�
U � � � 	�����	 
 �20����� � 
 ��	�� 7
��� ����� � 
 ��	�� A���	 Q ��2�4�L������ � G?���2 A��<>��EA���	YQ � U�� � 
 �"	�H�����9���	���=�=�C� >�N���	 � � �����YU � � ����� 	 7 2
��� F���@ � �����YU � X F���@ � � U �����RX F���@ � G������YU � X F���@ � � U G������
��2 F���@ � ��� U ��� X F���@ � �����YU � X F���@ � G���� U G���� XWF���@ � ��� U ���
� 7 F���@ � � U �����RX F���@ � G���� U G���� XWF���@ � ��� U ���
%C� F���@ � G������YU � XWF���@ � G���� U G����RX F���@ � ��� U ���
%�2 F���@ � � U G������
=�= ������	 �������������	I�
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Linia Comentariu
2

�����
e lungimea laturii ı̂n pixeli; ı̂ncercaţi şi alte valori (recomandăm 4);���

e lungimea celor două proiecţii ale unei muchii oblice
3 Scriem textul de mărit
5 Literele au câte 8 rânduri de pixeli
9 Calculăm câte cubuleţe ı̂ncap: fiecare are latura

�����
şi avem 256 de

puncte la dispoziţie. 2 se scade pentru perspectivă
15 Dacă punctul e stins, nu facem nimic
21 Colţul stânga-jos-faţă al cubului. Coordonatele (

�
U � ) sunt ı̂nmulţite cu�����
(mărim de

�����
ori); 75 centrează desenul (pentru

�����
peste 13, 75

e prea mare)
22 Faţa cubului
25 Faţa de jos
27 Faţa din dreapta
31 Spatele
35 Ce-a mai rămas

99,100 Totul pentru fiecare punct

Dacă daţi valori neı̂ntregi pentru
�����

, din cauza erorilor de rotunjire cuburile n-o să mai fie
perfecte, sau perfect suprapuse. Modificaţi acest program, pentru a elimina muchiile ascunse
(o idee, care merge cam lent, este de a şterge locul pe care se desenează fiecare cub ı̂nainte
de a-l trasa).

G.15 Capitolul 15

1. Se folosesc variabilele sistem VARS (23627) şi E LINE (23641).
��>��CA���	 � ��$��� �'��5B����
�����6���� ��M���JX � � >������<��%�4�� 7 	 ��2�4 � >���������%�4���;�<>��CA���	 � �����
�*/����������?��(��� ��RX � � >������<��%�4�-
� 	 ��2�4 � >������?��%�4�-��
%<>��CA���	 � ����!�,
�*/� ��IX � � >������?��%�4�-
��G�>���������%�4�� 7 	��2�4 � QS>������P��%�4�-���G�>���������%�4���; � GJ�

Pentru a lista numele tuturor variabilelor, programul este mult mai elaborat. Trebuie să ţinem
cont că ı̂n timpul listării lor, spaţiul variabilelor ı̂şi poate modifica forma (datorită creării de noi
variabile sau modificării valorii lor). Trebuie cunoscut intim mecanismul atribuirilor. Anexa F
descrie forma de memorare a variabilelor. Iată un model de program:
���<N���	�# 
 =��������2<N���	�V 
 ��%�4�� 7 X 9���&�8�:0# X N���	?��$ 
 V� 7 N���	�V 
 ��%�4�-
�3X 9���&�8�:0# X N���	�� 
 V�G����=0D�N�& X >��CA���	�>�@�>�����2 � � �����
�����6���� $� <��� � � ��$ � � ��� � � � �

� ��$��?G�G�G B����.G�G�G��
�*)3G�G�G?����!�,
�*/� � � >�@�>M����� � 	�@�:<%C� � � ���� N���	3� 
 A���	 Q�QS>������?��$ � L�%�� � X >��CA���	���$ � � � � D�H�� � QS>������P��$3G<%�� � � 	 =�4 � X>�@�8�&��<� X >������?��%�4�=�� U GC�
�C� A��3� 
 %�	�H�����>��CA���	 U � !���/ � � 	�@M:�� 7 � 2RX N���	?��$ 
 ��$ 	 4
��� A��3� 
 -�	�H�����>��CA���	0	�@�:I��- � � /����5!���/ � � 	�@�:?��4 � X N���	<V 
 ��$ 	 �
XW9���&�8�:P#YX>��CA���	0VYX N���	?��$ 
 ��$ 	 V 	 %
��% A��3� 
 7 	�H�����>��CA���	0	�@�:I��- � � B���������� � � 	�@�: � 7 � ��;JX N���	?��$ 
 ��$ 	 ��=
��- A��3� 
 ��	�H�����>��CA���	 U � 'C��� � � 	�@�:<� 7 � X N���	?V 
 ��$ 	 �
XW9���&�8�:�#YX>��CA���	0VYX N���	?��$ 
 ��$ 	 V 	 %
��2 A��3� 
 4�	�H�����>��CA���	0	�@�:I��- � � /�����'C��� � � 	�@�:?��4 � X N���	<V 
 ��$ 	 �
XW9���&�8�:P#YX>��CA���	0VYX N���	?��$ 
 ��$ 	 V 	 %
��4 A��3� � � 2�	�H�����9���	��0%��� 7 N���	3� 
 � X ����O0!���/�������/?�C���� ��� ��� $
�*!<!���/� 
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��; N���	3��$ 
 ��$ 	 �.X >��CA���	�D�H�� � QS>���������$.G ����; � A���	 QS>������ ��$�LC����; � � � XN���	3� 
 � 	 �
X A�� A���	RQS>������?��$�LC����; � 
 �"	�H�����9���	�����;��= >��CA���	RU � !���/ � � 	�@�:?� 7 � � 	 2 X N���	?��$ 
 ��$ 	 4%�� A��.��$ � 
 �I	�H�����9���	��0���
%C�5>��CA���	 � >�@�>����3� � 	�@�:<%C� � 	�@�:?%C� � � � X >�@�8�&��?� X &�	���>

=�������N���	�V 
 >�������V 	 ��2�4 � >������ QSV 	 � � X ����	�8����

Subrutina de la 9000 citeşte conţinutul a două locaţii consecutive.
�

este tipul variabilei, iar��$
adresa variabilei curente.

2. Iată pentru ı̂nceput soluţia, care este mult mai complicată decât ar fi lăsat enunţul să se
ı̂nţeleagă:

�5����O (���!��������� 
�<N���	���@�O�	���> 
 4�2�2�%�2+GJ����; X D�N���@�����@�O�	���>2<N���	?� 
 � X N���	�� 
 ����<N���	?��$�� 
 >������?��%�4���4 	 ��2�4 � >���������%�4�� 7���<N���	?��$�� 
 ��$�� 	 ; � D���F�� � � �%��0�����I� 
 �5	��?; � ��� X >���������@�O�	���> 	 �
U >������YQ ��$�� 	 � GC� � X ������	I�
%�20�����I� 
 �5	��?; X >������0��@�O�	���> 	 ;�� 	 �
U >������RQ ��$�� 	 ��GC� � X ������	I�
-��0>��CA���	�@�	I��� U���� � � D���8���	��M� � � 	�@�:.��� � � G�G�G�G�G � � 	�@�:?��� � � � ����� � � � 	�@�:J��� � � G�G�G�G�G �2��<N���	?��$�� 
 ��@�O�	���>�G3; � D���F�� � � � 	 �
4��0>������?��%�4���4 U ��$��.G<��2�4 � A���	YQ ��$���LM��2�4 � X >������?��%�4�� 7 U A���	RQ ��$���L���2�4 �7 � �����J� 
 ��	�� 7 � X :�����> 
 ���C�
U 2 XW>������?��%�4���4 U��
XW>��CA���	�@�	I��� U���2 � � XW������	I�7 2 A�� A������ � � 
 � ' � 	�H����09���	���=�=�=�=;�� �����J� 
 � 	��<;RX :�����> 
 ���C�
U 2 X >������?��%�4���4 U*AIX>��CA���	�@�	 ��� U���- � @ � = X ������	 � X N���	?� 
 � 	 �=�� A��3� � ;<	�H�����9���	�� 7 �
=�- �����J� 
 ��	�� 7 � X :�����> 
 ���C�
U 2 XW>������?��%�4���4 U��
XW>��CA���	�@�	I��� U���2 � � XW������	I������ �����J� 
 � 	��<; X :�����> 
 ���C�
U 2 X >������?��%�4���4 U��
X>��CA���	�@�	 ��� U���% � : � =�=IX ������	 � X N���	�� 
 � 	 �3X N���	?� 
 ������ A��0� � =<	�H�����9���	�� 7 �
�����<N���	?� 
 � X N���	�� 
 � X 9���	�� 7 �
=�=�=�=�>������?��%�4���4 U �JX >������<��%�4�� 7 U 4��

Programul are 4 părţi principale:

(a) formarea unui nou set de caractere, care cuprinde doar cifrele (liniile 1-30) şi pregătirea
ecranului (40);

(b) rotirea ultimei cifre a contorului (70);

(c) rotirea ultimelor două cifre ale contorului (80-90);

(d) rotirea tuturor celor trei cifre ale contorului (94-120).

Programul este o buclă infinită, care se părăseşte la apăsarea (prelungită) a unei taste.
Am ales ı̂n aşa fel adresa noului set, ı̂ncât cel mai puţin semnificativ octet al adresei să fie ı̂n
mod normal 0. Cifrei 0 ı̂i corespunde adresa 65535 – 127. Am mutat acolo imaginile cifrelor
0-9 şi apoi din nou pe cea a cifrei 0!
Pentru a ı̂ncetini mişcarea contorului am folosit un

:�����>
extrem de scurt (inauzibil):

:�����> 
 ���C�
U 2 .
Variabilele

�
şi
�

reprezintă cifra din mijloc, respectiv cea din stânga a contorului.
Linia 70 face să defileze cifrele unităţilor ı̂ntre 0 şi 9.
Linia 80 roteşte cifra zecilor şi cea a unităţilor.
Linia 94 roteşte cifra unităţilor cât timp cifra zecilor este 9.
Linia 100 roteşte toate cele trei cifre simultan.
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G.16 Capitolul 16

1. Tehnica folosită pentru a aduce imaginile caracterelor din ROM seamănă cu cea de la Exerci-

ţiul 2, Capitolul 15. Litera â am pus-o pe tasta b (ı̂n mod G). Liniile 10-60 mută caracterele
a, i, s, t, a ı̂n UDG-urile a, i, s, t, b. Liniile 70–100 construiesc semnele diacritice; linia 110
arată ce-a ieşit — introduceţi semnele ı̂n modul G al cursorului.
���0����� � 
 � 	���-YX ����@�F?� ���2 N���	?��$�� 
 >������?��%�4���4 	 ��2�4 � >���������%�4�� 7 	 ; � D���F��<� ���� �����I� 
 �0	�� 7%�� >������ 8�&��.� � 	 ; � Q � 
 - � 	 �
U >������ Q ��$�� 	 � �-�� ������	I�
2��0������	 �4��0F�@�	�@ � � � U � � � U � ' � U � � � U � � �7 �0>�������8�&�� � � � U :CA��I���C������� X >�������8�&�� � � � 	 �
U :CA�� ���������;��0>�������8�&�� � � � U :CA��I��������� X >�������8�&�� � � � 	 �
U :CA�� ���C�������=��0>�������8�&�� � ' � 	 7 U :CA��J�����������JX >������ 8�&�� � � � 	 7 UW:CA��I�����������������>�������8�&�� � � � 	 �
U :CA��J���C�������JX >������ 8�&�� � � � U :CA�� ���������������>��CA���	 � � �P'0��� �

2. Programul este conversaţional, ı̂n sensul că cere de la utilizator toate datele. A ieşit lunguieţ,
dar foloseşte metode eficace şi are oarece aspect. Să vedem ce e nou:

Z se definesc două variabile care sunt adresele (etichetele) unor proceduri pentru citirea
unui număr binar sau hexazecimal de la tastatură (

A���:CA��
şi
A���H����

respectiv);
Z interesant este modul de a citi o cifră cu

N���	.� 
 D���F�� A������ � � G�D���F�� � � � ; (
D���F�� � � �


 -�;
).

Cele şase subrutine de calcul lucrează astfel:

HEX � DEC de remarcat metoda extrem de rapidă a transformării, care foloseşte şase vari-
abile:

@ 
 ��� U : 
 ���
U 
 
 
 � 
 ��2 pentru cifrele hex.

DEC � HEX ı̂n linia 150 se forţează variabila sistem MODE la o valoare nonstandard, de
unde rezultă un cursor de editare straniu (echivalent cu C).

BIN � HEX numărul este dus ı̂ntâi ı̂n baza 10, după care este transformat ı̂n baza 16, ca la
DEC � HEX (puteam dealtfel sări la linia 180).

HEX � BIN numărul este adus ı̂n baza 10 prin metoda HEX � DEC, apoi se sare la procedura
DEC � BIN.

BIN � DEC evident, foloseşte funcţia
:CA��

.

DEC � BIN transformarea este standard, ı̂nsă la afişare din număr se reţin fie 8 fie 16 cifre.

Subrutinele de citire a tastaturii:

INHEX: din şirurile nule face 0, din şirurile cu mai mult de 4 caractere reţine numai ultimele
4, după care testează pentru fiecare caracter apartenenţa la intervalele 0-9, A-F.

INBIN: ca la INHEX, păstrând ultimele 16 caractere ale numărului binar.
�5:�����F������ X >�@�>����?� X"A����?= X D�N�&
�<N���	3A���H���� 
 �������IX N���	 A���:CA�� 
 �����M�2 >��CA���	0@�	.% U % � � @�N���9���	CA D�����������&EA�@ �; ����&�	������
��� �����J� 
 ��	��<4 X ����@�F<� � X >��CA���	�@�	J� 	 2 US- � � � � � � � 
 � � � � � 	�@�:<��-YX ������	I���� F�@�	�@ � &�	���> � U � H����<G � F���D � U � F���D�G � H���� � U � :CA���G � H���� � U � H�����G � :CA�� ���2 F�@�	�@ � :CA��?G � F���D � U � F���D?G � :CA�� �
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%�� N���	3� 
 D���F��<A������ � � G�-�;IX5A��?� � �<���3� � 4�	�H�����9���	���%��%�2 >��CA���	0@�	.% U % � 	�@�:3%C�-�� >��CA���	0@�	.� 	 2 U - � �������I� � >�@�>����3� � 	�@�:J��= � �������?� � >�@�>����?% � A����?= �@�	.� 	 ��-YU � � 	�@�:?%C� � � � � >�@�>����?� � A�����- � � � � 
 � �2�� A��3� 
 �0	�H����?&�	���>4�� N���	<� 
 � X >�@�>�����; X 9���&�8�:RQ�� 	 � � � 2��IX >�@�>������ X >��CA���	�>�@�>����3� �@�	�� 	 ��-YU � � �������I� � 	�@�:.%C� � � �7 �09���	���2
=�=
�����09���&�8�:3A���H����
����2<N���	�� 
 ���� 7 N���	�@ 
 ��� X N���	�: 
 ��� X N���	<D 
 ��� X N���	?F 
 ��% X N���	�� 
 ��-RX N���	0� 
 ��2�����0�����3A 
 �5	��?N�����@ ������ N���	<� 
 � � ��4 	 ��@�N0@ � Q*A ���%��0������	3A
��-��0>��CA���	�@ � � � 
 � � � X ����	�8����
��-�=
��2��0>������?��%�4C� 7 U ��4�-YX A���>�8�	�@
��4��<N���	�@ 
 A���	�@�:�&�@YX"A��<@ � 4�2�2�%�2+	�H����09���	��3��2����4�20>��CA���	�@ � � 
 � �� 7 �<N���	�@ � 
 � ������� ���;��0�����3A 
 �5	���-YX N���	<� 
 @IG ��4 � A���	YQS@�L���4 � X N���	0@ 
 A���	YQS@�LC��4 ���;�2 N���	<@ � Q 2�GEA � 
 D�H�� � QS-�; 	 � 	 7 � QS� � = � � X ������	3A��=��0>��CA���	�@ � X ����	�8����
��=�=
�����09���&�8�:3A���:CA��
����20>��CA���	�@ � � � 
 � ��C���<N���	�@ 
 ��@�N Q � :CA�� � 	 @ � ������0�����3A 
 �5	���-YX N���	<� 
 @IG ��4 � A���	YQS@�L���4 � X N���	0@ 
 A���	YQS@�LC��4 �����2 N���	<@ � Q 2�GEA � 
 D�H�� � QS-�; 	 � 	 7 � QS� � = � � X ������	3A��%��0>��CA���	�@ � X ����	�8����
��-�=
��2��09���&�8�:3A���H����
��2�%0>��CA���	�@ � � � 
 � ���2�2<N���	�@ 
 ��� X N���	�: 
 ��� X N���	<D 
 ��� X N���	?F 
 ��% X N���	�� 
 ��-RX N���	0� 
 ��2��4��0�����3A 
 �5	��?N�����@ ���4�2 N���	<� 
 � � ��4 	 ��@�N0@ � Q*A �� 7 �0������	3A X N���	<@ 
 �RX 9���	���%�4��
��=�=
%����09���&�8�:3A���:CA��
%C���0>��CA���	�@ � � � 
 � � ��@�N Q � :CA�� � 	 @ � � X ����	�8����
%�-�=
%�2��0>������?��%�4C� 7 U ��4�-YX A���>�8�	�@
%�2�2<N���	�@ 
 A���	�@�:�&�@YX"A��<@ � 4�2�2�%�2+	�H����09���	��3��2��RXS>��CA���	�@ � � 
 � �%�4��<N���	�@ � 
 � �% 7 � N���	<� 
 @3G?� � A���	 QS@�L�% � X N���	0@ 
 A���	RQS@�L�� �%�;�� N���	<@ � 
 &�	�� � � 	 @ �%�=�� A��?@ � � ��	�H�����9���	��0% 7 �
-����<N���	�@ � 
 � ��������������� � 	 @ �-���2 A��.N����0@ � � ��4�	�H����<N���	?@ � 
 @ � Q N�����@ � GC��4�	�� � XS9���	���-����
-
���<N���	�@ � 
 @ � Q N���� � G�; 	�� �-����0>��CA���	�@ � X ����	�8����
=�=�=
������������O A���>�8�	�H��������
���C����>������?��%�4C� 7 U ��4�-
�������<A���>�8�	?NEA�����@ � X5A��<@ � 
 � � 	�H����?N���	<@ � 
 � ������� �
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����%��<A��.N����0@ � � -�	�H����?N���	<@ � 
 @ � Q N����+@ � G�-�	�� �����-��������3A 
 �5	��?N�����@ �����2�� A��<����	RQS@ � Q*A � � 
 � � � @���F�@ � Q*A � � 
 � = � � � @���F����	RQS@ � Q*A � � 
 � @ � @���F�@ � Q*A � � 
 � � � � � 	�H����09���	��<A���H��������4���������	3A
��� 7 ������	�8����
��=�=�=
������������O A���>�8�	�:CA������
������2�>������?��%�4C� 7 U ��4�-YX A���>�8�	?NEA�����@ ����C���<A��?@ � 
 � � 	�H����?N���	<@ � 
 � ������� ��������<A��.N����0@ � � ��4�	�H����<N���	?@ � 
 @ � Q N�����@ � GC��4�	�� �����%��������3A 
 �5	��?N�����@ �����-�� A��<@ � Q*A � � � � � � @���F<@ � Q*A � � � � � � 	�H�����9���	��<A���:CA������2���������	3A
����4�������	�8����

3. Pentru a simplifica lucrurile, este recomandabilă alegerea celor 4 taste ca aparţinând la porturi

diferite. Sugerăm următoarea combinaţie: sus q , jos a , stânga v , dreapta b . Pentru a
simplifica şi mai mult lucrurile, vom accepta orice tastă citită de acelaşi port cu una din cele
de mai sus. În rest, putem adapta programul de la Exerciţiul 4, Capitolul 12 schimbând doar
liniile:
��N���	�� 
 A��<��2�- X ����O���@�N���@�����@�>�����	���8��CA�DCAP��	�@�&�	�@0@�>�@�&�@�	�@
2��?N���	�V 
 V 	 Q*A��?%�� 7 4�4 � � !�@���F�V � ��2�2 � GRQ*A��?4�2�� 7 ; � � !�@���F�V � � �2�2?N���	�1 
 1 	 Q*A��?4�-�2C��� � � !�@���F�1 � � 7 2 � GRQ*A��?4�2������ � � !�@���F�1 � � �

La momentul executării liniei 1 trebuie să nu fie nici o tastă apăsată (explicaţi de ce!).

4. Este adevărată! Dacă
� � 
 V � 
 %C�
U � � 
 1 � 
 ��%

.
Memoria atributelor ı̂ncepe la 22528 şi este organizată ,,firesc”. Pătrăţelul cu coordonatele1YU V

la
>��CA���	

are adresa atributelor
����2���; 	 %�� � 1 	 V

, pentru că fiecare din rândurile
1

are
32 de caractere. Deci:
@�	�	��RQS1YUSV � 
 >������RQ ����2���; 	 %�� � 1 	 V �

G.17 Capitolul 17

1. Iată soluţia:
�5D�N���@��?%�� 7 4 7 X ����O�D�N���@��?'��� ���,� � �(�����!���� UW$� �(C� ���� ����6�� 5$����I�*!��C�*!��� 
20����O.'� 0$� �'� �!� �� � � 
 
 



 
 
����������O.'�����B���/
����������� � 
 � 	��?4�=C���IX >������?%�� 7 4�; 	 �
UW>������RQ���4�%�;�- 	 � � X ������	I�
������&�@���� � &�D�������� � � D���F��3%�� 7 4�; U 4�=C�����%��������CA�� � � &�D�������� � � D���F��

2. Pentru că verificarea implică scrierea numelui fişierului respectiv pe ecran, acest nume trebuie
să facă parte din chiar componenţa desenului de pe ecran! Dacă dorim să fie invizibil, ı̂l putem
scrie cu

>�@�>����
-ul şi

A����
-ul de aceeaşi valoare. Să nu uităm că, la scrierea titlului unui header,

calculatorul scrie ı̂ntâi un CR (
D�H�� � ��%

), deci numele va trebui să apară la ı̂nceput de rând,
ı̂n nici un caz pe linia 0. Să zicem că ı̂n desen linia 6 este liberă. Atunci, ı̂nainte de a salva
desenul, vom face:
����� >��CA���	0@�	.4 U � � >�@�>�����; � � :�1��� �' X !���/� �
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Între literele numelui se inserează caractere de control pentru
A����

, de exact
>�@�>����

-ul respec-
tiv. Apoi:
����2�&�@���� � !���/� � &�D�������� �������>��CA���	�@�	32 U � � X >�@�>����<;RX �����CA�� � � !���/� � &�D�������� �

Remarcaţi
>��CA���	�@�	

cu un rând mai sus.
O altă variantă ar fi să folosim faptul că un caracter scris de două ori cu

�������I�
lasă ecranul

neschimbat. Atunci facem astfel:
��N���	?� � 
 D�H�� � ��� 	 D�H�� � � 	 D�H�� � � 	 � :�1��� �' X � X ����O�@�	J�
U ��:�1��� �' X
�3&�@�����@ � &�D�������� �%3�������I�
X ��N�@�&�H�; X :��CA�9�H�	�; X >�@�>����?; X"A����?;
2<>��CA���	�@�	3� U � � X �����CA�� � � � &�D�������� �

La momentul ı̂ntâlnirii header-ului,
�����CA�� � va scrie ı̂n

�������I�
, fără a perturba culorile textul

de titlu pe linia 1
:�1��� �' X

, după care va scrie numele programului. Acesta ı̂ncepe cu caractere
de control pentru poziţie, care se mută la ı̂nceputul aceluiaşi rând şi scrie deasupra acelaşi
text, lăsând ecranul ı̂n forma iniţială!

3.
&�D�������� � este oarecum opusă lui

>��CA���	�@�	
.

G.18 Capitolul 18

1. Se desenează pe ecran (ştiţi cum) şi apoi se face
D���> � .

2. După imaginaţia fiecăruia.
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Appendix H

Variabilele sistem la nivel de bit.
Jonglerii cu variabile sistem

H.1 Variabilele sistemului BASIC

Notaţ ii:

Z ı̂ntre paranteze rotunde:

– numele unei variabile sistem semnifică valoarea ei; ex.: (REPPER) = PEEK 23652;

– un număr reprezintă valoarea normală a variabilei; ex: (64) — variabila aceasta are de
obicei valoarea 64;

Z ı̂ntre semnele � şi � :
adresa unei instrucţiuni sau proceduri din ROM care foloseşte această variabilă, ı̂n hexazec-
imal; ex: � ������2 � adresa 1105 ı̂n hexazecimal;

Z punctul indică un octet al unei variabile mai lungi;
ex.: KSTATE.0/4 = octeţii 0 şi 4 ai lui K STATE;
TVDATA.hi = primul octet al lui TVDATA; (hi – vine de la HIgh byte, adică MSB; lo este LSB.)

Z bit x=y: ce semnificaţie are faptul că bitul x al variabilei are valoarea y;
Z biţii care nu sunt trecuţi — autorul nu a putut identifica utilizarea lor (s-ar putea să aibă una!).

Descrierile sunt foarte succinte; ele sunt utile mai ales celui care explorează programele inter-
pretorului BASIC din ROM.
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Adresa
Dec. Hex. Nume Lg. Descriere

23552 5C00 KSTATE 8 Folosite ı̂n citirea tastaturii:
KSTATE.0/4 numărul tastei apăsate
KSTATE.1/5 contor 5 � 0 pentru durată
KSTATE.2/6 (REPPER) sau (REPDEL)
KSTATE.3/7 codul caracterului

23560 5C08 LASK K 1 Codul ultimei taste apăsate
23561 5C09 REPDEL 1 Durata necesară pentru a reciti o tasta apăsată mai mult

timp (0.7 sec)
23562 5C0A REPPER 1 Durata pentru a repeta o tastă apăsată continuu (0.1

sec)
23563 5C0B DEFADD 2 Adresa parametrilor lui

F��������

23565 5C0D K DATA 1 Al doilea parametru al caracterelor de control pentru cu-
loare introduse de la tastatură � 1105 �

23566 5C0E TVDATA 2 TVDATA.hi caracterul de control introdus
TVDATA.lo primul parametru (Al doilea parametru ı̂n
registrul A) � 0A03 �

23568 5C10 STRMS 38 Deplasamentul faţă de (CHANS) al adresei informaţiei
de cale. Valorile iniţiale sunt:
Calea Adresa Conţinutul Tip canal
FD 5C10 0100 K
FE 5C12 0600 S
FF 5C14 0B00 R
00 5C16 0100 K
01 5C18 0100 K
02 5C1A 0600 S
03 5C1C 1000 P
04-0F 5C1E-5C34 0000 –

23606 5C36 CHARS 2 Adresa – 256 a imaginii setului de caractere
(003B=15360). Adresa lui � � =15516.

23608 5C38 RASP 1 Lungimea bâzâitului. (64) � 1167 �
23609 5C39 PIP 1 Lungimea clic-ului unei taste. (00)
23610 5C3A ERR NR 1 Codul erorii – 1. (255)
23611 5C3B FLAGS 1 bit 0=0: se tipăreşte un spaţiu ı̂naintea unui cuvint cheie

� 187D �
bit 1=0: nu se foloşeste imprimanta � 1646 �
bit 2=0: se scrie ı̂n modul K de cursor � 1937 �
bit 3=0: modul K al cursorului e selectat � 1326 �
bit 5=0: nu s-a apăsat o nouă tastă � 1303 �
bit 6=0: rezultatul este un şir
bit 7=1: se execută o linie � 12CF �

=0: se verifică o linie (SINTAX FLAG)
23612 5C3C TVFLAG 1 bit 0=1: se foloşeste canalul tastaturii � 1634 �

bit 3=1: consideră că modul cursorului s-a schimbat
� 15D4 �
bit 4=1: listing automat � 1835 �
bit 5=1: partea de jos a ecranului va fi ştearsă � 1219 �

23613 5C3D ERR SP 2 Adresa de pe stiva Z80 care va fi folosită ca punct de
ı̂ntoarcere ı̂n caz de eroare

23615 5C3F LISTSP 2 Adresa de revenire dupa un listing automat � 1795 �
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Adresa
Dec. Hex. Nume Lg. Descriere

23617 5C41 MODE 1 Specifică forma cursorului:
= 1 modul E

� 1 modul G
� 1 modul K/L/C (ı̂mpreună cu FLAGS.bit2 şi cu
FLAGS2.bit3)

23618 5C42 NEWPPC 2 Linia la care se sare (eticheta) � 1E73 �
23620 5C44 NSPPC 1 Nr. instrucţiunii la care se sare � 1E73 �
23621 5C45 PPC 2 Linia ı̂n curs de execuţie � 1376 �
23623 5C47 SUBPPC 1 Nr. instr. ı̂n curs de execuţie � 1376 �
23624 5C48 BORDCR 1 Atributele din partea de jos a ecranului (BOR-

DER=PAPER de jos)
23625 5C49 E PPC 2 Eticheta liniei cu cursorul ” � ”
23627 5C4B VARS 2 Adresa variabilelor BASIC
23629 5C4D DEST 2 Adresa variabilei in curs de atribuire (dacă aceasta exis-

tă) � 2AFF �
23631 5C4F CHANS 2 Adresa datelor despre canale � 1736 �
23633 5C51 CURCHL 2 Adresa informaţiei curente utilizate pentru intrare/ieşire

� 1615 �
23635 5C53 PROG 2 Adresa programului BASIC (23755)
23637 5C55 NXTLIN 2 Adresa următoarei linii din program
23639 5C57 DATADD 2 Adresa caracterului de după ultimul caracter citit din listaF�@�	�@

(, : sau CR)
23641 5C59 E LINE 2 Adresa liniei ı̂n curs de editare
23643 5C5B K CUR 2 Adresa cursorului de la editare (K, L, C, G, E)
23645 5C5D CH ADD 2 Adresa următorului caracter de interpretat � 0020 �
23647 5C5F X PTR 2 Adresa caracterului la care s-a obţinut o eroare

Pointer la lista
����@�F � 1DEC �

Pointer la linie/variabila la
O�����9��

23649 5C61 WORKSP 2 Adresa spaţiului de lucru
23651 5C63 STKBOT 2 Adresa vârfului stivei evaluatorului
23653 5C65 STKEND 2 Adresa sfârşitului stivei evaluatorului
23655 5C67 B REG 1 Registrul B al evaluatorului
23656 5C68 MEM 2 Adresa memoriilor evaluatorului (23698)
23658 5C6A FLAGS2 1 bit 0=1: a se şterge ecranul � 12CF �

bit 1=0: bufferul imprimantei e gol � 0EE7 �
bit 2=0: caracterul nu e ı̂ntre ghilimele � 1881 �
bit 3=1: modul C al cursorului � 18F3 �
bit 4=0: nu se foloseşte canalul K � 107F �

23659 5C6B DF SZ 1 Numărul de linii din partea de jos a ecranului (inclusiv
una albă) (2)

23660 5C6C S TOP 2 Nr. liniei din partea de sus a ecranului la un listing
automat

23662 5C6E OLDPPC 2 Linia la care sare
D�����	CA���8��

23664 5C70 OSPPC 1 Nr. instrucţiunii la care sare
D�����	CA���8��

23665 5C71 FLGX 1 bit 0=1: se va şterge vechea valoare a acestei variabile
şir � 2B72 �
bit 1=1: o noua variabilă
bit 5=1: mod

A���>�8�	 � 0FF3 �
=0: mod editare � 1313 �

bit 7=1: se foloşeste
A���>�8�	<NEA���� � 20DB �

23666 5C72 STRLEN 2 Lungimea şirului destinat atribuirii
23668 5C74 T ADDR 2 Adresa următorului element ı̂n tabela de sintaxă

T DDR.lo indică tipul de header � 1B55 �
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Adresa
Dec. Hex. Nume Lg. Descriere

23670 5C76 SEED 2 Folosită ı̂n calculul
����F

23672 5C78 FRAMES 3 Ceas de timp real ı̂n 1/50 sec. LSB primul.
23675 5C78 UDG 2 Adresa primului caracter definibil
23677 5C7D COORDS 1 Coordonata x a ultimului punct
23678 5C7E 1 Coordonata y a ultimului punct
23679 5C7F P POSN 1 33–nr. coloanei la imprimantă
23680 5C80 PR CC 2 LSB al adresei următorului caracter de trimis spre impri-

mantă (din buffer)
23681 5C81 1 Marcat nefolosit. În realitate, MSB al adresei următorului

caracter de trimis spre imprimantă
23682 5C82 ECHO E 1 33 – coloana
23683 5C83 1 24 – linia din partea de jos a ecranului (=ultimul caracter

din
A���>�8�	

buffer)
23684 5C84 DF CC 2 Adresa ı̂n DF a următorului caracter de scris pe canalul

S
23686 5C86 DF CCL 2 Adresa ı̂n DF a următorului caracter de scris pe canalul

K
23688 5C88 S POSN 1 33 – coloana
23689 5C89 1 24 – linia poziţiei

>��CA���	
din partea de sus a ecranului

23690 5C8A SPOSNL 1 33 – coloana
23691 5C8B 1 24 – linia poziţiei

>��CA���	
din partea de jos a ecranului

23692 5C8C SCR CT 1 Nr. de scroll de făcut ı̂nainte de a ı̂ntreba
'�(�������� �

23693 5C8D ATTR P 1 Atributele permanente
23694 5C8E MASK P 1 Masca pentru atributele permanente (biţii 1 iau culoarea

de pe ecran)
23695 5C8F ATTR T 1 Atributele temporare
23696 5C90 MASK T 1 Masca pentru atribute temporare
23697 5C91 P FLAG 1 bit 0=1:

�������I� � 22F0 �
bit 2=1:

A���������&��3� � 22FD �
bit 4=1:

A����3= � 0BFA �
bit 6=1:

>�@�>����<= � 0BDB �
23698 5C92 MEMBOT 30 Zona de memorie a evaluatorului (6 zone a 5 octeţi)
23728 5CB0 2 nefolosit
23730 5CB2 RAMTOP 2 Adresa ultimului octet accesibil BASIC (65368)
23732 5CB4 P RAMT 2 Adresa ultimului octet din RAM-ul fizic (65535)

H.2 Jonglerii cu variabile sistem

Să vedem câte ceva din ceea ce putem face dând valori cu
>������

acestor variabile (ı̂n orice caz, nu
un procedeu elegant de programare):

Z Schimbând conţinutul lui REPDEL şi REPPER, se poate schimba viteza cu care se citesc
tastele la

A���>�8�	
şi la editare. Valoarea 0 ı̂nseamnă 256. Tastaţi

>������?��%�2�4�� U��
şi scrieţi apoi

ceva!
Z Variabila CHARS arată adresa unde se află memorată forma caracterelor tipăribile (cu co-

durile ı̂ntre 32 şi 127). Schimbând valoarea ei, o facem să puncteze o zonă oarecare din
RAM, unde putem pune propriile noastre forme. Iată şi un program caraghios:
�������I� 
 �0	�� 7 �� >������3��%�4���4 U��
% >��CA���	0@�	 ��� U���% � �JX :�����> 
 ����4 U ��L 7
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-3������	I�
2<>������?��%�4���4 U �

Se va ı̂ntâmpla un lucru amuzant dacă opriţi programul cu BREAK . Ce?
Z Modificând RASP se schimbă lungimea bâzâitului care apare la unele erori (de pildă la edita-

rea unei linii mult prea lungi).
Z PIP e lungimea clic-ului pe care ı̂l produce o tastă apăsată. Normal e 0, ı̂nsă, introducând

alte valori, putem obţine sunete ce par mai ı̂nalte. De fapt este o iluzie, toate sunetele având
aceeaşi ı̂nălţime; unele sunt prea scurte şi par mai joase. Tastaţi

>������?��%�4���= U���2
.

Z Iată un divertisment cu ERR NR:
�������I� 
 �0	�����;�<>������?��%�4C��� U��

Daţi
��8��

şi apoi mereu
������	I�

. Veţi obţine şi nişte mesaje surprinzătoare. Valoarea ei nor-
mală (nu e eroare) este 255.

Z ERR SP indică o adresă (pe stivă) unde se găseşte adresa subrutinei care se foloseşte la
apariţia unei erori. Modificarea ei folosind BASIC-ul este mai greu de făcut. Iată o metodă
care permite ignorarea erorilor de către programul vostru (cu excepţia erorii C):

>������?��%�4C��% U
>������?��% 7 %���G<2

. Erorile nu mai ı̂ntrerup programul din execuţie, dar afectează variabila
ERR NR, ceea ce vă permite să le trataţi. ,,Protecţia” aceasta este desfăcută de folosirea
lui
9���&�8�:

; folosirea ei ı̂n subrutine poate avea efecte catastrofale. Pentru a readuce sistemul
la starea normală:

>������?��%�4C��% UW>������?��% 7 %���G<%
.

Z MODE specifică tipul cursorului (K, L sau C).
>������<��%�4C� 7 U��
X*A��M>�8�	�� � va trece cursorul ı̂n

modul E pentru instrucţiunea
A���>�8�	

. Puteţi obţine şi tipuri ciudate de cursor. Încercaţi 30 sau
164.

Z NEWPPC şi NSPPC, dacă sunt schimbate ı̂n această ordine, forţează saltul la o anumită
instrucţiune, dintr-o anumită linie.

Z BORDCR (atributele din partea de jos a ecranului) poate da şi ea naştere la efecte interesan-
te. Încercaţi

>������?��%�4���-YU �����
.
>������<��%�4���-YU �

face 0 atributele rândurilor de jos, deci cursorul
de la editare (K, L etc.) rămâne invizibil.

Z E PPC modificată poate muta cursorul de editare � la o anumită linie. De pildă la linia 10:>������?��%�4���2 U����IX >������?��%�4���4 U �
Z PROG arată unde ı̂ncepe programul BASIC. O vom folosi pentru a forţa la 0 eticheta primei

linii; nefiind o etichetă regulamentară, conferă acelei linii un statut privilegiat (de neşters).
Folosind informaţiile din Anexa F cu privire la forma de memorare, vedem că putem schimba
eticheta primei linii ı̂n 0 cu:
N���	3� 
 >���������%�4�%�2 	 ��2�4 � >������P��%�4�%�4 X >������?� U � X >������<� 	 �
U �

Z DF SZ reprezintă numărul de linii alocate părţii de jos a ecranului (canalului K). De obicei,
acest număr este 2. Valori mai mici dau efecte secundare ciudate. Reducând această valoare
la 0, tentativele de scriere pe canalul K vor distruge sistemul (inclusiv afişarea mesajelor de

eroare, de pildă a celor cauzate de BREAK ). În plus, putem folosi
>��CA���	

pe 23 de linii. Din
păcate şi

D�N�&
blochează sistemul.

Dacă punem DF SZ la 1 şi apoi scriem ceva pe canalul K, ı̂ntreg ecranul (inclusiv atributele)
este umplut cu valoarea variabilei ATTR P. Încercaţi:
2<�����I� 
 �5	���;4 >������3��%�4�=�% U � � ��GC�IX ����O�@�	�	�� � >7 >������3��%�4�2�= U��?X ����O0F�� � & �; A���>�8�	 � �=<������	I�
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Z OLDPPC şi OSPPC pot face
D�����	CA���8��

să sară ı̂ntr-un anumit loc.
��>������?��%�4�4�� U 2�� X >������3��%�4�4�% U �IX ����O<�C�*!6����2��
�<>������?��%�4�4�-YU �JX ����OI�*!�'�������(��
�*��!� ��+�0$������
%<D�����	CA���8��
23&�	���>
2��?&�	���>RX >��CA���	?�

va tipări 0!
Z SEED este iniţializată de

��@���F���OCA � � . O putem folosi pentru a descompune rapid un număr ı̂n
doi octeţi:
2<��@���F���OCA � �"!�����?N���	�!������ 
 >������?��%�4 7 � X N���	�!����6� 
 >������?��%�4 7 �

Z FRAMES este o variabilă care funcţionează ca un ceas. Valoarea celui mai puţin semnificativ
octet este incrementată la fiecare 20ms. Al doilea octet este incrementat când LSB devine 0
ş.a.m.d. Incrementarea este oprită ı̂n timpul lucrului cu imprimanta, casetofonul sau al exe-
cutării instrucţiunii

:�����>
. Timpul de când a fost resetat ultima oară calculatorul, ı̂n secunde,

este:
Q 4�2�2�%�4 � >���������%�4 7 - 	 ��2�4 � >���������%�4 7 2 	 >������?��%�4 7 4 � L�2��

Pentru a potrivi ceasul, de pildă la ora 10, trebuie să fi trecut
��� � 4�� � 4�� � 2�� de cinzecimi de

secundă = 1800000. Descompunând acest număr avem 1800000 = 65536*27 + 256*119 +
65. ,,Reglarea” ceasului se face cu:

>������.��%�4 7 -YU � 7 X >������<��%�4 7 % U�����=IX >������?��%�4 7 � U 4�-

Rescrieţi ceasul cu limbi folosind FRAMES.
Z UDG este adresa formelor caracterelor grafice definibile. În mod normal, ea este imediat dea-

supra RAMTOP-ului. Ca să vă distraţi, puneţi-o peste E LINE şi apoi tastaţi caractere grafice
definibile. Explicaţi ce se ı̂ntâmplă.

Z COORDS pot fi folosite pentru a obţine trasări de segmente ı̂n coordonate absolute. Pentru
a trasa până la punctul

VYUS1
:

F���@ � V�G�>������<��%�4 7�7 U 1�G�>���������%�4 7 ;

Z S POSN o putem folosi ca să aflăm câte simboluri grafice are un şir: ı̂l scriem pe ecran la
0, 0 cu � după el şi apoi citim S POSN ca să aflăm unde a rămas cursorul de tipărire.

Z SCR CT numără de câte ori poate fi ,,alunecat ecranul” ı̂nainte de a ı̂ntreba
'�(�������� � . Variabila

se decrementează la fiecare alunecare. Întrebarea survine la 0.
>������.��%�4�=�� U ��2�2

ne scuteşte
de
'�(�������� � o bună bucată de vreme. Încercaţi:

��>������?��%�4�=�� U ��2�2
2<�����I� 
 �5	��3������������ >��CA���	I�
����������	I�

Z Variabila 23681 este trecută ı̂n manuale ca nefolosită. În realitate, ea este MSB al adresei
bufferului imprimantei. Pentru că SPECTRUM memora caracterele ı̂n buffer pe linii de pixeli
(avea o imprimantă specială), putem obţine efecte ciudate, mutând bufferul peste memoria
ecran şi trimiţând date spre imprimantă ı̂n absenţa acesteia (cu imprimantă conectată, acest
program nu merge). Studiind cu atenţie memoria ecran veţi ı̂nţelege de ce următorul program
face ceea ce face (rulaţi-l şi fără

������	
şi observaţi dispunerea rândurilor):

���0����� � 
 4�-0	�� 7 �
X >������<��%�4�;C�
U��.X N�>��CA���	 � D�������(��� ��� /����
� � X ������	 �

Această linie contruieşte de 8 ori buffer-ul ı̂n memoria ecran şi ı̂l umple cu imaginile carac-
terelor care apar pe feliuţe.
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Iată câteva metode de a modifica ı̂nsuşi programul BASIC, obţinând efecte ciudate. De pildă,
putem insera ı̂n listing caractere de control pentru

@�	YU 	�@�:
, backspace (

D�H�� � ;
) etc.

�5����O O� �'�� � (���)�1��
��,���� )������� � ���

N���	?� 
 >������?��%�4�%�2 	 ��2�4 � >���������%�4�%�4JX �����3� 	 2�	��<� 	 ��� X >������?� U ; X ������	 �

transformă ı̂n
D�H�� � ;

spaţiile care le-am scris după
����O

.

Putem ı̂ncerca şi alte combinaţii: inserând
D�H�� � ��� 	 D�H�� � %�� 	 D�H�� � �

(
@�	.%�� U �

), vom obţine
la listarea acelei linii eroarea 5.
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