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p_sort (merge sort), p_vector of 4*106 integers
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p_radix_sort, p_vector of 106 integers

����� ·��[· jEp�uB¸Yº
	¹s&�El}rNj>c&i|`¹jV_�]@]b�EhE_

	 0�� 
 ������$�#��� ���&��� � � � % (� ) + 
 -/.

÷�íYM�	v0�36HÆáÅá�å[58L�æAHÆR[7�ã�7&:@?;1>9[HKJ�ãÐJ6ïÒL>5�çQL>âD?Ïå[5DLEC>5@1Vã�ã�7&5�R�HÆ5D7g:bâD7gR�1V9QR½1>=�âDLEãÐ1�âDHK:
1VáÆC>LE5DHÅâD?;ã J�7&áÅ7g:bâ8HÅLE9Pì�XZå�â8HÅLE9;1VáB1V58C>=[ã�7&9Eâ@JT36HÆáÅáB1VáÆáÆL�3 å[58L>C>5@1Vã�ã�7&58J�âDL½=;JD7����������
� ���¹îo9;L�36áÅ7gR�C>7,LVï�âD?[7�HÆ9[å[=[âNâ8LÄJ�åq7&:�HÅïÒé 36?[HK:@?�ã�7�âD?[L�R â8L 7�ã�å[áÆL�é>ìYô�ï�âD?[7�:@?[LEHK:I7LVï61VáÆC>LE5DHÅâD?;ã HKJTáÆ7IïKâ�â8Lè÷�í�M�	v0ÂF®âD?;7�9Ä1�9[7&36áÅé½R�7�æE7�áÆL>åq7&R½åQ7&5�ïÒLE5DãÐ1>9;:I7Nã�L�R�7�á � � �
36HÅáÆá�çq7�=;J�7gR,âDLÐR�7�âD7�58ã�HÆ9[7ZâD?[7�çq7&J�â�1VáÆC>LE5DHÅâ8?[ã �ÒåqLEJ8J�HÆç[áÆéÐJD7&óo=[7�9oâ8HÆ1>á ��ïÒL>5�âD?[7�CEHÅæE7�9
J�é�J�âD7�ã$1>9;R R[1�â@1èJDHÆO�7Vì�M�áKJDL[F®â8?[7,áÆHÆç[5@1V58é	36HÆáÅávçQ7�1Vç[áÆ7Êâ8L½J81Vã�å[áÆ7NâD?[7�HÆ9[å[=�âNR[1�â@1
1V9;RÐâDLN?[7�áÆå,:@?;LoLoJ�7�âD?[7Tã�LoJWâ^1Vå[å[58L>å;5DHK1�â876ã�7Iâ8?[L�R�ì[í^?[7�9PF�â8?[7T1VáÆC>LE5DHÅâD?;ã×JD7�áÆ7&:IâDHÆL>9
ïÒ7&1�â8=[587�36HÅáÆáÂ:�L>ã�å[=�â87NâD?[7Ðçq7&J�â"1>áÅCEL>58HÅâD?[ã ç;1EJ�7gR½LE9ÏâD?[7Ðåq7�5DïÒL>58ãÐ1V9Q:I7Êã�L�R�7�áÂ1>9;R
LVâD?;7�5ÊHÆ9�ïÒL>58ãÐ1�â8HÅLE9ÏJD=;:@?ö1>JNJ�7&9;J�HÅâ8HÅæAHÅâWé�â8L½HÆ9[å;=�âÊR;1�â81[ìYñÕ7�36HÆáÅáBå[58L�æoHKR�7Àã�7IâD?;LAR;J
âD?;1Vâ,1V=�â8L>ãÐ1VâDHK:�1>áÅáÆéÏ1V9;1>áÅéAO&7Àâ8?[HKJ�HÆ9�ïÒL>58ãÐ1�â8HÅLE9Ä1�âÀ7�ê�7&:I=[âDHÆL>9�ä�âDHÆã�7�1V9;R/R�7�âD7�58ã�HÆ9[7
âD?[7�1>áÅCEL>58HÅâD?[ã LVï�:@?[L>HK:�7Vì



+ ����� (,���� � ��� ),- 	 (,��&" ì[í^?[7 �6÷�	/HKJ61V9	1Vâ�âD5@1>:IâDHÆæ>7�åq7�5DïÒL>58ãÐ1V9;:�7Zã�L�R�7&á
R�=[76â8L�HÅâ8J�587�áK1�â8HÆæ>7^J�HÆã�å[áÆHK:IHÅâWéVì��¹5DHÆ7@?;éVFVHÅâvã�7g1>JD=[5D7gJYâD?[7�âDHÆã�76:IL>ã�å;áÅ7�ê�HÖâWé�L>ï®1V9Ð1VáÆCELVä
5DHÅâD?;ã çAé�ç[587&1>îAHÅ9;C�HÅâBHÆ9oâDL"JDLÊ:�1VáÆáÆ7&R��	� ��
 �����
 �����£:�L>ã�å[=�â@1�â8HÅLE9Ð1V9;R,:ILEã�ã"=[9;HÆ:&1�â8HÅLE9
â81VîAHÆ9[C å[áK1E:I7	çq7IâW3¹7�7�9 ç;1V585DHÆ7&5ÊJDéA9;:@?[58L>9[HÆOg1�âDHÆLE9;J��"1V9QR¼1V9;1>áÅéAO&HÅ9;C½7g1>:@?ÈJD=[åQ7&58J�âD7&å
J�7&å;1V5@1�â87�áÆéVì�í^?[7TãÐ1>:@?[HÆ9[7�HÅ9QR�7�åq7�9;R[7�9oâ�:IL>ã�å;áÅ7�ê�HÖâWé"HKJB7�ê�å[5D7gJDJD7&RÀHÆ9ÐâD7&5DãÐJBâ8?[7�R[1�â@1
J�HÆO�7���FA9A=[ãNçQ7&5ÂLVïPå[58L�:I7&J8JDL>5@J��®F�1V9;RÊå;1>581>ã�7Iâ87�5@J��N1V9QR��®1>:&:IL>=;9Eâ8HÆ9[CTïÒL>5v:�L>ã�ãN=[9[HÅä
:�1�â8HÆL>9�:ILoJWâ@JÂJ�=Q:@?Ð1>J�ç;1>9;R�36HKRAâ8?Ð1V9;R�JDéA9;:@?[58L>9[HÆO&1VâDHÆL>9®ì !B1>:@?ÊãÐ1>:@?[HÆ9[7¹?;1EJvR�HÅò�7�587�9oâ
æ41>áÆ=[7&J�L>ï��½1V9;R���36?[HK:@?Õ1>5D7�ã�7g1>JD=[587&R½7Iê�åQ7&5DHÆã�7&9Eâ@1VáÆáÆéVì�í^?[7,1>áÅCEL>58HÅâD?[ãÑJD7�áÆ7&:IâDHÆL>9
HÆJZãÐ1>R[7"çAé	7�æ�1>áÅ=Q1�âDHÆ9[CÐâD?[7Ê:ILEã�å[áÆ7Iê�HÅâDHÆ7&J^=;JDHÆ9[C,âD?[7NãÐ1>:@?[HÆ9[7 � J�æ�1VáÆ=[7&J�ïÒL>5���1V9QR��|F
âD?[7�14æ�1VHÆáK1Vç[áÆ7Êå[58LA:�7&J8J�LE58J��®FÂ1V9;R âD?[7�R[1�â@1½JDHÆO�7���ìÂM�ãÐ1�âDL�
� � �"! � � �6?;14æ>7,5D7g:I7&9Eâ8áÆé
7�9[?;1>9;:I7gRÐâ8?[HKJ^ã�L�R�7�á�çAé�â81>îAHÅ9;C"HÆ9oâDLÊ1>:&:IL>=;9Eâ^ã�L>587�C>7�9;7�5@1VáP1V5@:@?[HÅâD7g:bâD=;581>á;ïÒ7g1�âD=;5D7gJ
1V9;R�å[587&R�HK:IâDHÆ9[CÇ=;å[åQ7&5�1V9QRÀáÆL�3¹7�5^çQLE=[9;R[J^LE9�åQ7&5�ïÒLE5DãÐ1>9;:I7>Foâ8?A=;J^ãÐ1VîAHÆ9[CÇHÅâ�1Nã�L>587
å[581E:bâ8HÆ:&1Vá�ã�L�R�7�á�L>ï�å;1>581>áÆáÅ7&á;åq7�5DïÒL>58ãÐ1V9;:�7Vì

- ���  ( � 	 �5� 7�#� (������( � ����� ì2M�R[1>å�âDHÆæE7"â8=[9[HÆ9[C	L>ï^åq7�5DïÒL>58ãÐ1V9Q:I7N5D7góE=;HÅ587&J�587&1>á
âDHÆã�7�R;1�â8152ÂHÅâNHKJNâD?;7�587IïÒL>587�HÅã�åq7�5@1�â8HÆæ>7�ïÒLE5ÐJ�=;:@?/1V9/1>R;1Vå�â8HÅæE7ÀáÆHÆç[5@1V58éèâ8LÏHÆ9;:�L>58åQL>ä
581VâD7ÐïÒ58L>ã â8?[7�æ>7�58éÕçQ7&C>HÆ9[9[HÆ9[Cè7Iê�7&:�=�âDHÆL>9[ä�â8HÅã�7ÊHÆ9;J�âD58=[ã�7�9oâ@1�âDHÆLE9½ïÒLE5"åq7�5DïÒL>58ãÐ1V9Q:I7
ã�L>9[HÅâDLE5DHÆ9[C;ì2ñÕ7�?;14æE7�J�â81>5�â87&Rö7&1>5DáÆé LE9ö36HÅâ8?(â8?[7�HÆã�å[áÆ7�ã�7&9Eâ@1�â8HÅLE9ÕLVï�7Iê�7&:�=�âDHÆLE9�ä
âDHÆã�76HÆ9;JWâ85D=;ã�7�9oâ81VâDHÆL>9ÇïÒL>5Âåq7�5DïÒL>58ãÐ1V9;:�76ã�L>9[HÅâ8L>58HÅ9;C[ì�G[L>5v7Iê[1Vã�å[áÆ7>FVáÅLo1>RNHÆã"çQ1VáK1V9;:�7VF
9[7IâW3¹L>58î :IL>9;C>7&J�âDHÆLE9PFY1V9QR(:�1E:@?[7Àã�HKJ8J�5@1�â8HÅLoJIFYï£1>:IâDL>5@JÇâD?;1VâNãÐ14éÕR�7Iâ87�58ã�HÆ9[7Ð36?[HK:@?
1V9;Rè?[L�3 ãÐ1V9Aé�å[58LA:�7&J8J�LE58JZJ�?;L>=[áKR	çq7Ê=;J�7gRè:&1V9èçq7Ê7&1EJ�HÆáÆéÀã�7g1>JD=[5D7gR	çAé	=;JDHÅ9;CÐâD?;7
?;1V5@R�3^1V587Nã�LE9[HÅâDLE58JZ9[L�3É14æ41>HÆáÆ1>ç[áÆ7ÇLE9Ïã�L�R�7&5D9ÏãÐ1>:@?;HÅ9;7&J �Ò7>ì C;ìÖF�÷54�ôÇXZ5DHÆC>HÆ9 �7676B6 �@ì
GYHÆ9;1>áÆáÅé>FVâD?;7ZáÆHÆç[5@1V58é�36HÆáÅáQå[58L�æoHKR�76åq7�5DïÒL>58ãÐ1V9Q:I76ïÒ7&7&R�ç;1E:@îNâDL�â8?[7�å[5DLEC>5@1Vã�ã�7&5�7&HÅâD?[7&5
R�=[58HÅ9;CÇL>561VïKâD7�56å;5DLEC>5@1Vã 7Iê�7&:�=�âDHÆL>9®Foâ8L"çq7T=;JD7&RÀâDL�R�7&JDHÆC>9Ðã�LE5D7Z7IðÐ:IHÆ7&9Eâ^ã�7Iâ8?[L�R[J�ì

	 0�$ % � "����$��(�� �$('& � �����( ( �*) 0

í^?[7"CELE1>á2LVïvâD?[HKJZ5D7gJ�7g1V5@:@?	HÆJZ9[L>â�âDL�JD=[ç;J�âDHÅâD=�â87"ç;=�âZâ8L�:�L>ã�å[áÆ7&ã�7�9oâ�LVâ8?[7�5T:I=[58587�9oâ
7Iò�L>5Dâ8J�â8LÇå;1>581>áÆáÅ7&áÆHÅO&7 ����� 36HÅâD?ÀJ�â81VâDHK:�FA:ILEã�å[HÆáÅ7�ä�â8HÆã�7Âã�7Iâ8?[L�R[JIì�í^?[7ZLVâD?;7�5våQ1V5@1VáÆáÆ7�á
÷�í60ÏHÅã�å;áÅ7&ã�7�9oâ81VâDHÆL>9QJYîA9[L�369ÀâDLN=;J �Ò7>ì C;ìÖF � � � �vâ81V58C>7�â¹J8:IHÆ7�9oâ8HÖëq:�1Vå[å;áÅHK:&1�âDHÆLE9;J�36?[HK:@?
7�ã�å[áÆL�é�1V585@14éèR[1�â@1	JWâ85D=Q:bâD=;5D7gJ �Ò36?[HK:@? JD=[å[åqL>5Dâ�581>9;R�L>ã 1>:&:I7&J8J �@ì�÷�í�M�	B0/âD58HÆ7&J�â8L
7Iê�å[áÆL>587�áÅHÆ9[îE7&R�R�éA9;1Vã�HK:�JWâ85D=Q:bâD=;5D7gJ��KïÒL>5,36?[HK:@?�5@1V9QR�L>ã 1>:�:�7&J8J�HÅâD7&581VâDL>5@JÊR�L 9[L>â
7Iê�HKJWâ �B1>9;RÀâD?[7&HÅ5�1>å[å[áÆHK:�1VâDHÆL>9�HÆ9�9[L>9�ä�9A=[ã�7�58HK:�1Vå;å[áÆHÆ:&1�â8HÅLE9;J�ì

+ �-, � �%�®à� � �
�&a�.�a�x,a4uBf�s�`Wc>�4u�a4¸®lm]8`|i�s&k@s&_EiWlmnos>�0/Za4¸2hEk@k@lK��º®a*1Tag\6s&�m]Âs&no��2oa4¸�]8i��EhE]g��3Wu e�cgt�`�xNcV�E]@�
dÅc&i�e�cgf�f�hEnolmkbsI`Wl�c&n�c&n�s6jV~>f�f�]8`|iWlmk�xNhE�}`Wl�_>iWc�k@]@t|t|c�i54E�>p 	76&�*898&�E�4\^]@_E`ba&c&dQe�c&f�_oh>`W]8i
jVk@lm]@nok@]&�Apq]Dros�tvu¹w�xÉy¹nEl�{g]8iWt|l}`�~�� 2�s�n>hos�i|~��;�	696g�>a

��a�/Za Í�a�Ó��m]@�m�mc�k � �:3;.^ÍYjEº®��uÈno]@t�`W]@���osI`�s��£_AsIi�s&�m�m]@�2�Ös�no�&hAs&�&]g� 4Ðpq]@k � nEl�k@s&� 	B]@_�c�i|`Ze�xNyB�
e�j��<6g�I�W�	8&�>�;jVk � c�cg�;c&d2e�c&f�_oh>`W]8iBj>k@lm]@nEk@]g�Ae�s�iWnE]@�glm]ZxN]@�m�mcgn�y¹nElm{4]8iWt|l}`�~��EuB_>iWlm�®��6*6&�>a

�Va�/Za Í�a�Ó��m]@�m�mc�k � ��=?>;@	ACB*D�EFB	GH>�I JLKMB9D:NPOQACO*RTSUO*D�O*ITIV>�I�WLB*X:Y[Z0AT\T]H^g��x`_�pÄ¸®iW]8t|t@�q�	696*8Va
�>a6Í�a�24c � not|cgn�s&no�,\�aa/^s�nonoc&nQ��b:S�WUc�cUdfehgiY?>MDi\TXj>M]kATJjlL\CAnmoAnm?>pSUO*D�OQIqIV>�ILrsACO*]kG*O*D�Gutf\CR

v D<O*Dxw��[_�n�SyD�B	@�zLB;K�Anm?>�{Q|*| }p~x]sA�zUWLB9]	K�z�B*]�r?Z�Y?>MD<@5B*X�Y[Z0AT\T]Q^g���	6964����_o_;a;�b���IÔA�b�V�ga
� a^\�aExNhEt|t|]8ivs&no�"u�aEjEs�l�nElK�[rf��t#�?Z0ACB*Di\COQI�O*]sGP�:>CK�>MD�>M]k@i>���Z0\TGH>8�Eu¹�o�>lmt|cgnE����]@t|�m]8~��A�	696*�Va
�Va 	�a�jV]b�E�&]8�ÂlmkDÌ��[��I ^QB*Di\CAnm X�J�\T]�WUc�c��ou¹�E�Elmt|cgn>����]@t|�m]8~��[�	6964�Va


