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BDC %@EF%�'HG/I&JK!$LM%@�H�H%ONPEFQR�"'HLM�@�"NS!$E���!/EFQHNSQK�"QT!/UVG/EW!$X&%�'HGY�"NS!$E���!�ZF%[U\!$ISIP!	]V%�Z�#�^�!$EF%
!$'5_`!$'H%�!/X�%@'"G/EFZMQ�acbedF% ^f��G/Ef#�%g#F'K!$h/%@EiNPEj�"!k�l]V!m��Gn�"% C !$'HNS%�Q�+`oKp@q&rsostst uwvnx
NSEFQK�H'HLF� �"NP!/EFQyG/EFZfzsvn{|{`}/x&~�NPEMQK�"'KLF�@�HNP!$EMQ�a����,XF'H%@QHQKNP!$E�NPEFQR�"'HLM�@�"NS!$EFQyXF'H!�ZFLF�@%�G
� G/ISLF%TG/EFZ5XFIPG/��%TNS��NPE��"!O%�N��"dF%@'�G|ZGY�sGO!$'�G/ZMZF'H%@QHQ�'H% C NPQK�H%�'@a

B �l^�XFNP��G/I7% �,XF'K%�QKQHNP!/E�NPEMQK�"'KLF�@�HNP!$E5NSQ�]�'HNS�K�"%@E�GYQ��
�����F� [o], i1, . . . , in

]�dF%@'H%T�"dF%
[o]

'H%�XM'H%�QK%�E��"Q��"dF%T!$L,�"XFLM��G/EMZ��"dF%TIPNSQK�e!YU
i
Q��HdF%TNPEFXFL,�"Q�a

B �@!$_`_�G/EMZ�NSEFQK�H'HLF� �"NP!/E�dGYQ�EF!�!$LM�"XMLM��a5���[NSQ�G<QHNSZF% ��%@��%��@�HNPE C !$X&%�'"Gn�"NP!/E7+
%@NS�"dM%�'e�sdG/E C NPE C _�G/NPE�_`%�_`!$'R^�!$'eXF'K! C 'HG/_��!	]Ta�����NPQ��l^�XFNS��G/ISIS^`]�'HNS�K�"%@E�GYQ��

�����&�M� L, i1, . . . , in
!$'

�����&�/� i1, . . . , in
]�dF%@'H%

L
NSQ�G`IPG/#�%@I7G/EMZ<�HdF%

i
Q�G/'H%TNSEFXFLM�e�H!O�HdF%T��!$_`_�G/EFZ7a

b�G/#FIS%|($�=�/!$LF% �H�"%T�lEFQR�"'KLF�@�HNP!$E<IPNSQK�
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$®�® [di], dj, dk

-
di := dj + dk

�¯�,XF'K%�QKQHNP!/E7� B ZFZFQ|�"dM%���!$E��"%@E��"QO!/U��l]°!
ZGY�sGO'H% C NPQR�"%@'HQ�G/EFZ<XFIPG/��%@Q�N��eNPE<G[�"dMNP'HZ±a

²�³µ´ [di], dj, dk ¶ di := dj ∗ dk

�¯�,XF'K%�QKQHNP!/E7�O·�LFI��"NSXFIPNS%�Q¸�HdF%��@!$E��"%@E��HQ�!/U
�l]°!¹ZGn�sGº'K% C NSQK�H%�'HQ�G/EFZ»XMI¼G/�@%�Q�N���NSE»G
�"dFNS'HZ7a

½ ³�¾ [di], dj, dk

-
di := dj − dk

�¯�,XF'K%�QKQHNP!/E7��¿,LF#M�H'"G/� �"Q|�"dF%5�@!$E��"%�E��HQ�!/U
�l]°!¹ZGn�sGº'K% C NSQK�H%�'HQ�G/EFZ»XMI¼G/�@%�Q�N���NSE»G
�"dFNS'HZ7a

®µÀ	Á [di], dj, dk

(�.
di := dj/dk

�¯�,XF'K%�QKQHNP!/E7��Â�N � NPZF%@Q9�"dF%���!/E��H%�E��"Q¬!/U��l]°!
ZGY�sGO'H% C NPQR�"%@'HQ�G/EFZ<XFIPG/��%@Q�N��eNPE<G[�"dMNP'HZ±a
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$®�®µÀ [di], dj, c

(
di := dj + c

���MXM'H%�QKQHNS!$E7� B ZFZMQ¸GO��!$EMQK�sGYE����"!�GOZGY�sG
'H% C NPQK�H%�'�G/EFZ5XFIPG/��%@Q�NS��NPE5GYEF!/�"dM%�'�a

½ ³�¾ À [di], dj, c
(

di := dj − c
���MXM'H%�QKQHNS!$E7��¿,LF#,�"'"GY�@�"Q¸G��@!$EFQK�"G/E��¸U\'K!$_
GTZFGY�sG�'K% C NSQK�"%@'ÎG/EFZOXFIPG/��%@QÎNS��NPEOG/EF!Y�"dF%@'�a

² �nÁM�� [di], aj

-
di := ref(aj)

�¯�,XF'K%�QKQHNP!/E7�<·�! � %@Q`�@!$E��"%@E��HQ�!YU¸GYEkG/Z,�
ZF'H%@QHQ�'H% C NPQK�H%�'e�"!`G|ZGY�"G|'H% C NPQK�H%�'@a

² �nÁM��® [ai], dj

-
ai := deref(dj)

�¯�,XF'K%�QKQHNP!/E7�<·�! � %@Q`�@!$E��"%@E��HQ�!YU¸GÇZFGY�sG
'H% C NPQK�H%�'e�"!`G/E<G/ZMZF'H%@QHQ�'H% C NPQK�H%�'@a

´ �$$® [di], aj, c
(�.

di := mem[aj\c]
���MXM'H%�QKQHNS!$E7��·�! � %�Q�_`%�_`!$'K^�X�!$NSE��"%�Z5�"!
#�^�G/E�G/ZFZF'K%�QHQ¸'H% C NPQK�H%�'�ÏÐ��!$EFQR�sG/E����"!�G
ZGY�sGO'H% C NPQR�"%@'�a

½�Ñ�YÒM� ai, c, dj

(�.
ai\c← dj

Ë°!$_�_�G/EFZ±�¬¿��"!$'K%VZFGY�sG�'H% C NPQR�"%�'9�H!�_`%�_|�
!$'K^|X&!$NSE��H%�ZO�"!T#�^`G/E`G/ZFZF'K%�QKQV'K% C NSQK�"%@'VÏ
��!$EFQR�sG/E���a

² �nÁM� ² ai, aj

-Y.
ai ← mem[aj ]

Ë°!$_�_�G/EFZ±�y·�! � %�QA_�%@_�!/'K^ÇX&!$NSE��H%�ZW�"!
#�^Ó!/EF%ÔGYZFZF'H%@QHQÕ'H% C NPQR�"%�'Ö�H!×_`%�_`!$'R^
X�!$NSE��"%�Z��H!|#�^�G/EF!/�HdF%�'�G/ZMZF'H%@QHQ�'H% C NPQR�"%�'@a

¾,Ø � L, dj Ù �$Ú¸·�Ì �H!
L

NSU
dj ≥ 0

Ë°!$_�_�G/EFZ±�Î�/LF_`X|�"!yI¼G/#&%�I�Û\�sdG/E C %�XF'K!Y�
C '"G/_Ü�@!$LFE��"%@'sÝONSU�ZGY�sGg'H% C NPQR�"%�' C 'K%�GY�H%�'
�"dG/E<!$'e%@Þ�LFG/I9�"!`.Ma

¾µ´ Ñ L, dj Ù �$Ú¸·�Ì �H!
L

NSU
dj < 0

Ë°!$_�_�G/EFZ±�

¾ ��ß L, dj Ù �$Ú¸·�Ì �H!
L

NSU
dj = 0

Ë°!$_�_�G/EFZ±�
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¾ �F� L, dj Ù �$Ú¸·�Ì �H!
L

NSU
dj 6= 0

Ë°!$_�_�G/EFZ±�

à ³�² � L
- �$Ú¸·�Ìº�H!

L
Ë°!$_`_�G/EMZ7�=�/LF_`X5�H!OI¼G/#&%�IÅa

�/ ´�´
[d0], L, d1, . . . , dn

¶ �$Ú¸·�Ì �"!
L
+

'K%�_`%�_[#&%�'m'H%@�HLF'HE
IS!,��GY�"NS!$E

�¯�,XF'K%�QKQHNP!/E7�=�/LF_`X��"!yI¼GY#�%@IµG/EFZ�'K%�_`%�_|�
#�%@'�GYZFZF'H%@QHQ`!/U�EM% ���`NPEFQR�"'HLM�@�"NS!$E7a

d0

NPQ
�"dF%�!$LM�"XMLM��'K% C NSQK�H%�'`G/EFZ

d1, . . . , dn

G/'H%
�"dF%TNPEMXFLM��G/' C LF_�%@E��"Q�a

Ò,�/Ñ ³ Ò$� d Ù á % �"LF'KE»U\'H!$_ I¼GYQK�
�/ ´�´

Ë°!$_�_�G/EFZ±��'H% �"LF'KE¹�"!âNPEMQK�"'KLF�@�HNP!$EWJKLFQK�
GYU��"%@'�IPG/QK����G/IPIÅa

L
� . ã�G/#&%�I EF% ��� NSE,�

QR�"'KLF�@�HNP!$E
Ë°!$_�_�G/EFZ±�mÌÎ'H! � NPZM%�G�ZF%�QR�"NSEGY�"NS!$E¹U\!$'
JKLF_�X±+#F'"G/EM�sd�G/EMZ���G/IPIÅa

ä å æy;Îç�>�3�è
é�!$'HZyQHNSÊ�%�NPQ�GYIS]°G	^�Q=(ÎU\!$'9�"dF%±JK!$LF% �H�H%/a á % C NPQK�H%�'KQ�GY'H% C 'H!/LFX�%@ZANSE��"!�ZGY�"G�'K% C NSQK�H%�'HQ
G/EMZ�GYZFZF'H%@QHQ�'H% C NPQR�"%�'KQ�a

b�G/#FIP%A-,� á % C NPQK�H%�'KQ
¨���ê&£��@�	��¡,ëH�nì ª�����¢$¡n£\«¬��£\�&�
d0

�"!
dM

Â¸GY�sGO'H% C NPQR�"%�'KQyÛÅ���,XF'H%@QHQKNP!$EFQ�NPE<Ë°� á ã¬Ý
a0

�"!
aN

B ZMZF'H%@QHQ¸'K% C NSQK�H%�'HQyÛ�ã9!,��GY�"NS!$EFQeNPE�Ë°� á ã
d0

B ã/é B�í ¿5Ê�%@'H!Fa
pc

bedF%TXF'H! C '"G/_î��!$LME��H%�'@+F]�dFNP�sd5NPQ°EF!/��ZFNS'H%�� �"I�^�'K%@U\%�'K%�EF��G/#FIS%/a
ï�!$IPZMQ��"dF%TIP!���Gn�"NP!/E�!/U��HdF%|x±oKp$Ä�NSEFQK�H'HLF� �"NP!/EFQ�a

a0

bedM%AQR�sG/�sh�X&!$NSE��H%�'@a
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