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• A/B&CDC !�'D!#E($FE(%(0�1(!#'�4#3�4G$H!#0�4I%(45!�J B&CDC !#'K!#E($
bases
– LNM�O�P Q�RGS�TVU,RGW)MYX[Z#\^]

3472=3*10_ +4*102+7*101+2*100=3472
– `NO�abRGS�T^UcRGW)M�d�\^]

3472=3*8_ +4*82+7*81+2*80=1850
– eNM�fgR5h�M�O�P Q8R5S�T^U�R�W)MYX[i#\

3472=3*16_ +4*162+7*161+2*160=13426
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• mIB E(n�'K3 B 4In�1(n#45!8o>E(%(0>1(!#'�453�4G$H!#0�p B $&q>rsE(t^3$&p/ruJ BHv(B $&4Yn�wsn B tHng1(tH!#x(y>n�E(J<z
X�Z(X#X�{�X[|#}g_ +0*22+1*21+1*2~�{�X�X

• mIB E(n�'K3�J BHv(B $H4In�'D!�"#n�tHt&!#J bits

• � 1 B $@"#n�E>1(!�'D!#�('D!#4G!#E($&!#J>!#t^!#"g$^'DrsE B "#n�t&t^3�p B $&qn�E>r�E(�Hr CDC 4Gp B $H"gq
• � 1(3�$^!�"�rsE(4 B 4G$&4Yr Cc� 1 B $&4
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• � q(!�1 B $H4Irs�@!#'Dn�$Hr�'�4Irs�@!#'Dn�$H!81 B $&p B 45!8rsEE(%(0�1(!#'D4Yn#4I1 B $F��n�$&$&!#'DE(4
• � r�',!gns"#q>1 B $Hx(�un�E(J>3�+
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Operators
•
 kr v(B "gn�t@rs�@!#'Dn�$ B rsE(4s+�F���@�����@���
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– &('�) *�+ ,.- *0/ 132�+ * ) 4�+ 56'�5#7
– &('�) *�8 ) 9;:�*�/ <�) =.) <�,>'�5#7
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• B E(�(%($@n#4In�45$&' B E v +.y zgy(y,z y,z
• � '�r�0 "gq(n�'Dn�"#$&!�'�4I$&r/J B&v(B $&4 +C Z C � Z$D C X C � 1

• E n�t&"#%(t&n�$H! +
0*26+1*25+0*24+0*23+1*22+0*21+1*20

{�Z$F#G�}>FsZ$FsZ$F6H>F(ZIF X[{6G>J
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• LNM�O�P#a�R�WcR�MIP M�abM�Q#M;R ]$GIJ
• Repeat:

– x&27 SUT S 0
– x&26 SUT S 0
– x&25 SWVYXZS 1
– x&24 SUT S 0
– x&23 SUT S 0
– x&22 SW[ S 1
– x&21 SUT S 0
– x&20 SU\ S 1
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• _ ' B $H!�n��('Dr v 'Dn�0�$Hq(n�$@'�!gn�J�4YngE B E($&! v !#' C 'Krs0$&q(!�`(!�3�1Fr�n�'�J(x($&q(!#E>�(' B E($H4Irs%($ B $&4I1 B E�n�'D3
representation.
– akWKW�P�Q�Mka b�MkP M�OcP�asP MgabM�Q#M;R�P WcRGS dNR�e#WcW)QIRGS S M;Rka�b#R�M

216=65536

– fkWKMka�b�MkW�b�P g&a6h	OFM;R)R5a�h�R,a�hiQ#M�M�M;R)R5abM�a b�M�W)M�jIP�M	M�O�M
hIg(} 15,214,213,…,21,20
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• U�R5WKM�]�d
• LNP QgP abW)]�kKZ$D^X	D }ID GID H>D lID i$D Jnm
• Examples:o;p�q�rso�t�u 2+2*81+7*8v rsu;q
• `NO�abRGS�P M�abM�Q#M;R�O�h>M#W)a R�M#abW�R;R M�M P�QxwFM;R[W�dNP a bYRNS M�R�h�P M$Q

zeroT$\Yy{z$|}\$|$~��#y��c\Y��|$z
TIX V$[{zI|}X#|Y�I[I�6V |I~>�#[��6\Y�#��| z
T$\#��z$|��#�$�>� ��|$z
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• U�RGW)M�]FXKi
• LNP Q#P abWK]�kKZ$D X	D }ID GID HID l>D i$D J$D d D �$D a D U�D ��D L D ��D �xm
• Examples:

– � p�� r � t�o	� 2+2*161+F*160rso	
 t�o	� 2+2*161+15*16v r p���
�q
• eNM�fIP M�abM�Q#M;RkO�hIM�W)a R�M�a WcR R M�M$P#Q wFM;R[W�dNP a bIRNS M�R�h�P M$Q

0xT��3\$\ zI| \$|I\ ���6\��6\Yy{|Iz
T���
�T zI| \$TI|$\ ���6T��3\#�YT}|$z
T���
��^zI| \$TI|$\ ���6\I\��c\YyY\ |$z
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• � hxw�P M#R R�eYO�h>M#W)a R�M#abW�P M��
• `NO�abRGS�R�Mghib�M�f#RGh�M�O�P Q�RGS�O�hIM#W)a R�MgabWcR;R MkO�h>M �GM�M�P M�M�a
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• B E(�(%($@n#4In�45$&' B E v +,+�- mIA/�
• � '�r�0 "gq(n�'Dn�"#$&!�'�4I$&r/J B&v(B $&4 +.0/21430576)8:9<;�8=1?>?1@; 6@9@>A/).

1B3@5DC�EFC
-
C,G"C?HJI�K@1

- ' 0' ;1B3@5DC�LMC
-
C%N�C?HJI�K@1

- ' A' +10;

• � '�r�0 J B&v(B $H4I$Hru$Hq(!8E(%(0�1(!#'O G,P0Q)N
=5* 164+9* 163+11* 162+14* 161+15* 160
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• LNM�O�P#a�R�WcR�MIP M�abM�Q#M;R ]$HIHIH$HIH
• Repeat:

– 44444/163=10 �����i� 
 !�R����0S	T u T o	
 S ‘A’

– 3484/162=13 �����i� 
 !�R���� o	$�� o S S ‘D’

– 156/161=9 �����i� 
 !�R���� o;p U 9S ‘9’

– 12/160=12 �����i� 
 !�R���� 
 U o;p S ‘C’

• V�b�P WcRGS QIh	R�P a�b�Q RGS W	hid h RXW#W�gNh	R h#O�a RGS$MIP�Q�wFM;R WcR�Mgh
wFP M#R R�e M$P�Q�wFM;R)W
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• _ ' B $&!�n��('Dr v 'Dn�0 $&q(n�$F'D!#n�J�4Yn#E B E($&! v !#' C ')r�0$&q(!�`(!�3�1Fr�n�'DJ(x($&q(!#E>�(' B E($&4Irs%($ B $&4q(!#��n�J(!�" B 0�n�tF'D!#�('D!#4G!#E($&n�$ B rsEZY
– akW)W	P�Q�Mka b�M�P M	O3P�a�P M#abM�QgM;R�P WcW)Q�RGS S M;R�a b#R�M

164{siIl$lIGgi DgW�h dNM,WKa R R a$g R�h#QlX�i 3=4096


