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INSTRUCTION SET REFERENCE

ADD—Add

Descript ion
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Operation

DEST d  DEST e  SRC;

Flags Af fected
fOg�h�i�jlk�m̂ j�k�nOj�k�oDjlk�p6jqk�r�s�tJuvj\w�x	r�y�z�r�{�h�z h�|�r�}�}�~�{#t��	s�yJ|	~J|	g�h�{�h�zT��x	|N�

Opcode Inst ructi on Descri ption

04 � � ADD AL, � �7�7� Add � �F�6�  to AL

05 ��� ADD AX, � �7�K�N� Add � �F�<�_�  to AX

05 � � ADD EAX, � �7�7��� Add � �F�6���  to EAX

80 /0 �   ADD ¡ ¢¤£F¥�¦ § £F£7¥ Add ¨ ©F©6ª  to « ¬?7®
81 /0 ¯±° ADD ² ³¤´KµN¶�· ¸ ´F´JµN¶ Add ¹ ºFº<»_¼  to ½ ¾�¿JÀNÁ
81 /0 Â Ã ADD Ä Å¤ÆFÇ�È�É Ê ÆFÆ7Ç�È Add Ë ÌFÌ6Í�Î  to Ï Ð�Ñ7Ò�Ó  

83 /0 Ô Õ ADD Ö ×¤ØKÙNÚ�Û Ü ØFØ7Ý Add sign-extended Þ ßFß7à  to á â�ãJäNå
83 /0 æ ç ADD è é¤êFë�ì�í î êFê7ï Add sign-extended ð ñFñ7ò  to ó ô�õ7ö�÷
00 / ø ADD ù ú¤ûFü�ý ù±ü Add þ1ÿ  to � �����
01 / � ADD � ��	�
��� ��
�� Add �����  to � �������
01 / � ADD � ���� �!�" �# $! Add r32 to % &�')($*
02 / + ADD ,#-$. , /�0�- Add 1 2�3�4  to 576
03 / 8 ADD 9�:�;=< 9 >�?�:�; Add @ A�B�C�D  to E�F�G
03 / H ADD I#J$K=L I M�N�J$K Add O P�Q�R$S  to T#U$V
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INSTRUCTION SET REFERENCE

ADD—Add (Cont inued)

Protected Mode Except ions
WYX[Z]\_^a` bdcfehgYikjli$mnehohpYq$ehohrYp�ohmtsurlv$q$ehi$jwohp�qxparYplydz[{do#ehq$|as#ikm}i�~Y��i$pYe��

b_c�q���i$��rl{_��rY�li�{_q�pYj�i$c�c_i$v$ehoh�Yi�q$jYjY{_i$m�m�ohmxrl�Yehmnohjli�ehgYi��������[���]�������]�]��rl{
X[��m�i$~a��i$pYe�suo#��ohe��
b_cfehgYi)�[�]�����]�l�]���YrY{]X[��{_i�~lo#mnehi${]ohmt�lmni$j�ehr�q$v�v$i�m�m���i$��rY{_��q�plj�ohe�v$rlpae#q�ohpYm
qkpl�Yshs�m�i$~Y��i$ple�mni$shi$v�ehrY{��

WY���f\�^Y` b_c�qx��i$��ra{_��rY�Yi�{�q$pYj�i$c�c_i$v�euo#�Yixq�jYjl{di$m}m�ohmtrY�leum}ohjYikehglik����m}i�~Y��i$pYe�shoh��ohe��
WYZ��]\�cdq��Ys#ehydv$rljai$` bdc�qk�Yq$~Yixcdq$�Ys#e�rYv�v$�a{�m��

WY�[�)\_^Y` b_c�q$shoh~Ypa��i�ple�v$gYi�v$�YohpY~�ohm�i$pYq�|Yshi�j q�pYj q�p��YpYq$shou~lpYi�j ��i$��rY{_��{di$c_i${di$pYv�i�ohm
��q$jYixz[gYohshixehgaixv$�Y{_{di$ple��a{_oh�loushi$~liks#i��Yi$s�ohmt¡��

Real-Address Mode Exceptions
¢Y£[¤ ¥_¦�§�̈�©$̈�ªl«_¬�ªYl©�«_§�®Ȳ�©$¦�¦d©$°²±u³h́l©�§$̄l̄Y«d©$µ�µ�³hµ�ªl¶a±hµ�³h̄l©�±h·Y©�̧)¹�º�»[¹]º�¼�¹]º�½�¹fº�ªl«

£[¹�µ�©$¾ä�©$®Y±�¿u³#̈�³h±�À
¢Y¹�¹ ¥d¦f§k̈�©�̈�ªY«d¬�ªYY©$«�§�®Ȳ�©$¦_¦�©�°$±u³h́l©k§$̄Ȳl«d©$µ�µt³hµtªY¶l±uµ}³h̄Y©k±h·l©k¹�¹�µ}©�¾Ÿw©�®Y±�¿h³ḧ�³#±�À

Virtual-8086 Mode Exceptions
ÁYÂ[Ã�ÄdÅYÆ Ç_ÈÊÉ�Ë�Ì�Ë�ÍYÎ_Ï�ÍYÐlÌ�Î_É$ÑYÒ�Ì$È�ÈdÌ$Ó²ÔuÕhÖlÌ�É$ÒlÒYÎdÌ$×�×�Õh×�ÍYØYÔh×�ÕhÒYÌ�ÔhÙYÌ�Ú)Û]Ü�Ý[Û�Ü�ÞÊÛ�Ü�ß]Û]Ü�ÍlÎ

Â[Û�×�Ì$àaË�Ì$ÑYÔ�áuÕ#Ë�ÕhÔ�â
ÁYÛ�ÛfÄ�ÅYÆ Ç_È�ÉxË�Ì$Ë�ÍaÎ_Ï�ÍYÐYÌ�Î�É$ÑYÒ�Ì$È�È_Ì$Ó�ÔuÕ#ÖYÌxÉ�ÒYÒlÎdÌ$×}×�Õh×tÍYØlÔu×}ÕhÒYÌkÔhÙlÌkÛ�Û�×}Ì�àYË�Ì$ÑYÔ�áhÕhË�ÕhÔ�â
ÁYÃ�ß]Ä�ÈdÉ�ØYá#ÔhãdÓ$ÍlÒaÌ$Æ ÇdÈ�ÉkÐYÉ$àYÌxÈdÉ$ØYá#Ô�ÍYÓ�Ó$ØaÎ�×�â
ÁYä[Ú)Ä_ÅYÆ Ç_È�É$áhÕhàYÑaË�Ì�ÑlÔ�Ó$ÙYÌ�Ó$åYÕhÑYà�Õh×�Ì$ÑYÉ�æYáhÌ�Ò É�ÑYÒ É�Ñ�ØYÑYÉ$áhÕuàlÑYÌ�Ò Ë�Ì$Ë�ÍYÎ_Ï�ÎdÌ$È_Ì$ÎdÌ$ÑYÓ�Ì�Õh×

Ë�É$ÒYÌ�â
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INSTRUCTION SET REFERENCE

AND—Logi cal  AND

Descript ion
ç�è²é_ê�ëlé_ìwí[î�ï�ðhñ7ò�ð#í}è�ó[ôkõöël÷lè²é_î²ñ#ð7ëløùëlø ñhúlè�û�è�íñ7ðhølî$ñ7ð7ëYø�ü_ê�ð7é_íñhýtî�ø�ûùí}ëlþ�é�ÿ²è�ü_í}è²ÿ$ëlølûlý�ël÷lè²é_î²ølûlí�î$ølû
í�ñ7ëlé�è$í�ñ#ú�è�é�è$íþ��#ñfð7ø�ñ#úlè[ûlè²í}ñ#ð#ølî²ñ#ðhë�ø�ël÷lè²é_î²ølû��7ëlÿ$î²ñ#ð#ë�ø���� úlè[í�ëlþ�é�ÿ$è�ë�÷lè²é_î²ølû�ÿ²î²ø�ïlè[î²ø�ð#ìwì�è²ûlð#î²ñhè���î
é_è�	lð#í}ñ7è²é
�]ëlé�î�ì�è$ì�ë�é���hëlÿ$î²ñ7ð#ëlø��añ7úlè�ûlè²í}ñ#ð7ølî$ñ#ð#ëlø�ël÷lè$é�î²ølû ÿ²î$ø�ïlè�î�é_è�	�ðhíñhè²étëlé�î�ì�è$ìwëlé���hë�ÿ$î$ñ7ð7ëlø��
ü���ëlòkè���è²é
�=ñ7ò[ë�ìwè$ì�ë�é���ël÷lè²é�î$ølûlí ÿ²î�ø�ølëlñ�ïlè�þlí}è²û�ð7ø�ëlølè�ð7øYíñ#é_þlÿ²ñ#ð7ëlø�� ý�� î$ÿ²ú�ïlð7ñlë�ê�ñhúlè�é�è$íþ��#ñlð7í íè$ñlñ7ë
� ð#ê]ïlëlñ#ú�ÿ²ëlé_é�è$í÷lëlølûlð#ø�	[ïlð#ñ#í�ëlê]ñhú�è)ê_ð#é_íñaî$ø�û�í}è²ÿ$ëlølû�ë�÷lè$é�î$ølûlíÊî²é_è � �²ëlñ7úlè$é�ò�ð7í�è���ðhñYð#íÊíè$ñañ#ë����
��úað#ítðhøaí}ñhédþYÿ$ñhðhëYø�ÿ$î$øwïlèkþYí�è$û�ò�ðhñhú�î�������� ÷lédè$êdð! �ñuë�î"�!�hëYò ñ#úaè�ðuølínñ#édþlÿ$ñhðuëløwñ#ë�ïYèkè" lè�ÿ$þYñhè$ûwî²ñuëlì�ð!#
ÿ�î"�!�$�%�

Operation

DEST &  DEST AND SRC;

Flags Af fected
'�(*),+�-/.�0*1�2�-/3�4!.�5*6�."78)�9"4!)�."7�)�1�:<;!(*),=>-<?�@A-<?�."0*1�BC-D3�4!.�5�6E."7�),6F)�;C.�9"9�G�7�1*H!0*5�;!GI;!(*)�7�)�6FJ*4!;LK�'�(*)
6F;
.";!)�G�3M;$(*)EN�-O3�4
.�5PH!6QJ*0*1�)�3�H!0*)�1�K

Opcode Instru cti on Descri ption

24 R S AND AL, T UVU�W AL AND X YZYV[
25 \^] AND AX, _ `�`baLc AX AND i dVdbegf
25 h i AND EAX, j kVk�l�m EAX AND n oVo�p�q
80 /4 r s AND t uwvVx"y z vVvZx t uwvVx AND { |V|�}
81 /4 ~�� AND � �w�,�g�"� � �V�b�L� � �w�,�L� AND � �V�P�L�
81 /4 � � AND � �w�V���"� � �V���"� � �w�V�"� AND � �V�Z�"�
83 /4 � � AND � �w�,�g�"  ¡ ����¢ � �w�,�L� AND £ ¤V¤Z¥�¦�§̈ £ ©"ª�«�¬g<® ¬�ª"̄"¬�̄L°
83 /4 ± ² AND ³ ´wµV¶�·"¸ ¹ µ�µ�º ³ ´wµV¶"· AND » ¼V¼Z½�¾�¿̈ » À"Á�Â�ÃgÄ<Å Ã�Á"Æ"Ã�ÆLÇ
20 ÈÊÉ AND Ë ÌwÍVÎ�Ï Ë$Î Ë ÌwÍVÎ AND Ð�Ñ
21 / Ò AND Ó ÔwÕ,Ög×"Ø Ó8Ög× Ó ÔwÕ,ÖL× AND ÙÛÚLÜ
21 / Ý AND Þ ßwàVá�â"ã Þ�á�â Þ ßwàVá"â AND ä$å"æ
22 / ç AND è�é�ê è ëÊì�é è�é AND í îwïVð
23 / ñ AND ò8ógô"õ ò öw÷,ógô ò8óLô AND ø ùwú,ûLü
23 / ý AND þ�ÿ���� þ ���Vÿ�� þ�ÿ�� AND � ��	�
��
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INSTRUCTION SET REFERENCE

AND—Logical A ND (Cont inued)

Protected Mode Except ions
���������� ���������! "��#$��%�&�'���%�(�&)(�*"��+�'�&� )*�(�%�&��,#-��()'!&�("&�.�/�+�%��,'�0�1��2#$��3�45��&��76

���8'94:��4:("+�;<(�*"��+�'�&� <���=����>���%�?��)'� � �+���#$#@%�#2("A���#B%� "�)�����9C@DFEHG�DFE�IJDFEHK�D�EH("+
��DL#$��3�4:��&��M1N%,4:%��76
���O�����!G�DFE�IJDFE�KFD�E�(�+O��DL+���3�%�#$�,��+O>�(�&"�,'�%N&"#8'!&�A�1�1P#$��3�45��&��P#$��1N��>���("+Q6

�DFD��=��� ���O'24:��45(�+�;)(�*���+='�&� )���=����>��N%,?��2'� � "+���#$#R%�#R(�A"�N#S%� ��!���"�!DFDT#S��3�45��&��P1�%�4:%��76
��FK��=��'�A�1,��.�>�(" ���� ���O'!*�'�3��2��'�A�1,�P(�>�>�A�+=#U6
�V�CW����� ���-'�1�%�3�&�45��&"�J>�����>�X�%�&�3T%�#Y��&�'�0�1��� Z'�&� Z'�&TA�&�'�1�%N3"&��� Z4:��4:(�+�;T+�������+���&�>��5%�#

4:'� ��2/���%�1��2�����2>�A�+�+���&"�P*�+�%�?"%N1���3"�!1,��?���1P%�#R[O6

Real-Address Mode Exceptions
\�]�̂ _�̀8a9b:c�b:d"e�f<d�g"c�e�a�h�i<c�̀�̀�c�jlkNm�n"coa�i"i�e�c�p$p@m�p@d"q�k�p$m�i"cok�r�c9sWtFuHv�t�uFwJt�uHxFt�uHd"e

]�tLp$c�y�b:c�h�kMzNm,b:m�k7{
\�tFt _�̀�a!b5c�b5d�e�f)d�g�c�e=a�h�i)c�̀�̀=c�j�kNm�n"c!a�i�i"e�c�p$pRm�pRd�q"kNpSm�i�c!k�r"c!tFtTpSc�y�b|c�h�kPz�m�b:m,k7{

Virtual-8086 Mode Exceptions
}�~��F����� �����)�5���5�����<���"���������L���������l�N���"�o���"�������$�@���@�������$�����)�����9�W���H���F�F���F�H�����H�"�

~��L�$�����:�����M�N�,�:���7�
}��F���=��� ���O�2�:���5�����)�������=�����o���=�������N�,���2�����"�����S�-���R���"�N�S�����!���"�!�F�T�S�����5�����P�����:���7�
}��F���=�������,�������"����� ���O�!�������2�������,�P���������=�U�
}� ��W����� ���-�����������5���"�J��������¡������T���Y������¢������Z�����Z���T���������N�"�����Z�:���:�����T�����������������5���

�:�����M�
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INSTRUCTION SET REFERENCE

CALL—Call Procedure

Descr ip tion
£�¤�¥"¦�§�̈�©�ª�«�¦�¬�"©�¦Y®N̄,°"±�̄�°�²5̄�°�³�ª"©�́:¤�µ�̄�ª�°|ª�°|µN¶"¦�§$µ,¤�«�±|¤�°�¬|·�©=¤�°�«�¶�¦�§-µ�ª5µ�¶�¦Ÿ�©=ª�«�¦�¬��©�¦Y̧�«�¤�®�®�¦�¬5̈�©�ª"«�¦�¹
¬��©=¦�ºF§$̈�¦�«�̄�³�̄�¦�¬�»�̄�µN¶Yµ�¶�¦�¬�¦�§Bµ�̄�°"¤�µN̄�ª"°�̧�µ�¤�©�²�¦�µ�ºFª�̈�¦�©�¤�°�¬�¼$½J¶�¦�µ�¤�©=²"¦�µ�ª"̈�¦�©�¤�°�¬Y§B̈"¦�«�̄�³�̄�¦�§Jµ�¶�¦�¤�¬"¬�©�¦�§S§Jª�³
µ�¶�¦@³�̄�©=§Bµ�̄�°�§$µ,©�"«�µ�̄�ª"°ō,°9µN¶"¦2«�¤�®�®�¦�¬)̈"©�ª�«�¦�¬"�©�¦M¼B½J¶�̄�§8ª�̈"¦�©�¤�°�¬9«�¤�°9·�¦2¤�°9̄�́:́:¦�¬�̄�¤�µ�¦@¥"¤�®��¦�¾"¤@²�¦�°�¦�©=¤�®,¹
�̈�©�̈�ª�§S¦!©�¦�²"̄,§$µ�¦�©N¾�ª�©O¤!́:¦�́5ª�©�¿)®�ª�«�¤�µ,̄�ª�°O¼
½J¶�̄�§8̄�°�§$µN©=�«�µ�̄�ª�°)«�¤�°o·"¦!�§S¦�¬oµ�ªo¦�À�¦�«��µ�¦!³=ª��©O¬�̄�³�³�¦�©�¦�°"µPµ�¿�̈�¦�§Rª"³O«�¤�®�®�§UÁ
Â Ã�Ä�Å�ÆRÇ�Å�È�ÈNÉËÊÍÌ�Î�Ï�ÏÑÐ�ÒÓÎoÔ�Õ�Ò�Ì�Ö�×�Ø"Õ�Ö|Ù9Ú,Ð�Û�Ú�ÜTÐ�Û�ÖoÌ�Ø�Õ�Õ�Ö�Ü�ÐÝÌ�Ò"×�Ö|Þ$Ö�ß"à:Ö�Ü�ÐÑá�Ð�Û�ÖoÞBÖ�ß�à:Ö�Ü�ÐÝÌ�Ø�Õ�Õ�Ö�Ü"Ð�ÏNâ

Ô�Ò"Ú�Ü�Ð�Ö�×oÐ�Ò)ã�â)ÐNÛ"Ö!äWåZÕ=Ö�ß�Ú�ÞBÐ�Ö�Õ�æ�ç�Þ$Ò�à:Ö�Ð�Ú�à:Ö�ÞRÕ�Ö�è=Ö�Õ�Õ�Ö�×)Ð�ÒoÎ�Þ8Î�ÜoÚ�Ü"ÐNÕ�Î�ÞBÖ�ß"à:Ö�Ü�ÐPÌ�Î�Ï�Ï7é
ê ëFì�íLî�ì�ï�ï,ðòñôólõ�öNö)÷�øùõûú�ü�ø"ó�ý�þ�ÿ�ü�ýûö�ø�ó�õ�÷�ý�þ����ùõûþ�������ý�ü�ý��"÷	�$ý�
��5ý���÷)÷��õ��ù÷��ýûó�ÿ�ü�ü=ý���÷oó�ø�þ"ý

�Sý�
��5ý��"÷����Bø��:ý�÷����:ý��Rü�ý���ý�ü�ü=ý�þo÷�ø)õ��-õ��	����÷�ý�ü��$ý�
��5ý���÷Pó�õ�ö�ö��
� ���������������������� ���!����" #������ %$�&��('�&� # �)+*�,"-�.0/�-�1�1%2�34-65�.�3�/�7�8�9�.�76:#;	-6<=7�>�?@7�;�2%-�2%-A8�:�,�,"7�."7�;�2%5�.�:�B�:�1�7�>�7

1�7�B�7�1%2�C�-�;	2�C�-�2%3�,(2�C�7A/�9�.�."7�;�2�1�D47�E�7�/�9�2�:�;�>	5�.�3�>�.�-�?F3�.05�.�3�/�7�8�9�."7HG
I JLK�M=N	M=OQP�R�S�T�UWV�X�Y�Z�Z%[#\	Y6]�̂�\�X�_�̀�a�̂�_bZ�\�X�Y�[�_�̀4c�deY6̀�c�f�f�_�̂"_�d�[%[�Y�g=h0i
jlk _mZ�Y�[�[#_�̂6[�nQ\oX�Y�Z�Zp[#q�]�_�ger�c�d�[�_�̂�s�]�̂"c�t�c�Z�_�u�_�s�Z�_�t�_�ZpX�Y�Z�ZpY�d�̀v[�Y�gwhogwnQc�[�X k�x X�Y�dv\�d�Z�qvy�_m_�z�_�X�a�[�_�̀{c�d
]�̂�\�[�_�X�[�_�̀}|@\�̀�_Hi=~�_�_�[ k _�g�_�X�[�c�\�d}[�c�[�Z�_�̀Q�������#�������Q���"�����������"�����Q�������Q�������������}���l�l�����}���������# �¡�¢Q£�¤
�#�� �¥§¦6̈"©�ª}¥"«�¬��®̄ ¦6°�±�²�³�¬��±�¬�́�°��µ�¶�·�¬�̧�¹�°º�»¼�½��®�¶¿¾0�°0À Á%ÂÄÃ�Å�Æ�Ã�Ç�ÈÊÉ¿Ë�Ç�Æ�ÌQÍÏÎ�ÐÒÑ"Ó�Ô�Õ�Ö�Ö�×�Ø�×#Ó�Ù�Õ�Ú�×#Ù�Ñ�Ó�Ô�Û@Õ�Ø�×�Ó�Ù
Ó�Ù¼Ù�Ü�Õ�ÔÝÐÞÑ�Õ�ÔÝÐÞÕ�Ù�ÖQ×�Ù�Ø�Ü�Ô�ß"à�Ô�×�á�×�Ú�Ü�â�Ü�ß�Ú�Ü�á�Ü�Ú�ã�Õ�Ú�Ú�äæå�çÊÜ�Ü�èAé�Õ�à�Ø�Ü�ÔÊê�ÐæëÒì�íwîlïðì�ñ�ì�ò�ó�ôQó�ñ�õ�öÞ÷#ø4ù#ú�ûAü�ýbþ�ÿ�� ü������	�
ý�
����������������
��������	������
�����	 	�����"!#��
%$ &('*)�+�,�)�-�.0/"1�-�,�2�3�4�576�8�9;:�<�6=8�9�>�?�@�:�8�<A8�<AB�C�9=6�8�9=>D:�<�EA@�?�FHG
FJI�:�@�K	L�C�FMI�:�@�LD@�L�CONQPORSRT:U<�F@V9XW�K"@V:U8�<7Y
Near Call. Z\[̂ ]�_̀ ]�ab]"c�d̂ eVfV_̂ g̀ hi_̂ ]"h�j�c"h"kVkVl(eV[̂ ]nm�jpô c"]�qqHobjrmbd̂ qs[̂ ]�qteU[̂ ]iû h�kVdb]Aô vQeV[̂ ]iw%xzy{jz]"ĝ fVqseU]�j|X} [̂ fVc�[rc"ô _be�h�fV_bq%e�[b];obvXvpqH]"e�obv7eV[b];fV_̂ qseUjzd̂ c"eVfVô _rvzobkVk�o } fV_̂ g�e�[b]�~0�r�%��fV_̂ qeVjXd̂ c�eVfVô _b��ô _̂ eVoreV[̂ ];qseUh�c"� | vzobj
d̂ q]�kVh�eV]"jrh"q�h�jX]"eVd̂ jX_̂ �XfV_̂ qseVjzdbc"eVf�ob_Tm̂ ô fV_̂ eV]�jp�J�7��[̂ ]�mbjXô c�]"qsqo�j�e�[b]�_��̂ jzh"_̂ c"[̂ ]�q�eUoTeV[̂ ]�h"�̂ �̂ jX]�qq�fV_�e�[b]
c"d̂ jzjp]"_�e�c�ô �̂ ]Oq]�ĝ ��]"_be�qm�]"c�fVvXfV]"� } fVeV[�eV[̂ ]OeVh�jpgb]�e�obm̂ ]�jXh�_b���	�%[̂ ]OeVh�j�ĝ ]�e�ô m̂ ]�jph�_̂ ��qm̂ ]�c"fVvzfV]"q�]�fVeV[̂ ]"jSh"_
h"�̂ qsô kVd̂ eV]�obvpvXqs]�e#fV_DeV[̂ ]�c�ô �b]�qs]�gb��]"_̂ e | eV[bh"e#fVq�h�_Dô v�vzq]"e�vXjXô ��eV[̂ ]��bh�qs]�obv�eV[̂ ]�c�ob�̂ ]�q]�ĝ �t]�_beV��ô jSh
jX]�kVh"eVfVû ]Oô v�vzq]�e | h�qsfUĝ _̂ ]"���̂ fVqsm̂ kUh�c"]���]"_̂ e7jX]�kVh"eVfVû ]OeVo�eV[̂ ]Oc�d̂ jXjX]"_̂ e7û h"kVd̂ ]Oô vSeV[b]�fV_̂ qseVjXdbc�e�fVob_�m̂ obf�_beV]"j�f�_
eU[�]�w%xzy�jz]"ĝ fVqseU]�j�l } [bf�c"[�m�ô fV_be�qneUo*eU[�]�fV_̂ qseVjXd�c"eVfUob_*vXo�kVkUo } fU_�g�eV[̂ ]�~;�r�%��fV_̂ qseVjXd̂ c"e�fUô _̂ �����%[̂ ]�~;�
jX]�ĝ fVqeV]"j#fVqS_̂ ô e�c"[bh�_̂ gb]���ô _�_̂ ]�h"j�c"h�kVkVq��

Opcode Instru ct ion Descri ption

E8 �b� CALL �U �¡£¢�¤ Call near, relative, displacement relative to next instruction

E8 ¥J¦ CALL §U¨�© ª�« Call near, relative, displacement relative to next instruction

FF /2 CALL ¬ �®�¯�° Call near, absolute indirect, address given in ± ²�³�´�µ
FF /2 CALL ¶ ·�¸;¹�º Call near, absolute indirect, address given in » ¼�½;¾�¿
9A ÀJÁ CALL Â�Ã Ä=Å�Æ"Ç�Å�Æ Call far, absolute, address given in operand

9A ÈXÉ CALL Ê�Ë Ì=Í�Î"Ï Ð"Ñ Call far, absolute, address given in operand

FF /3 CALL Ò�Ó�Ô�Õ�Ó�Ô Call far, absolute indirect, address given in Ö�×�Ø"Ù�×�Ø
FF /3 CALL Ú�Û�Ü�Ý Þ"ß Call far, absolute indirect, address given in à�á�â"ã ä"å
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V�W	X,Y�X,Z	[ X\[�] [+̂,̂\_	[+X,Yà�b	Y c'] d�e,f	Y bge,h:X,Z�Y�h	Y i	X\j	[ d�[ _	d�[ j�Z	kl]+[ h:[ ,̂c1W:f	Y�m	c1Y+bPX,W:j�Y d�n�W�d�opn�[ d<] [+̂,̂\X,Wg[
] W	b�Y�c�YK_	o:Y h�X	[+X�X,Z	Y�c�[ o:YFj	d�eOq	eÔ)Y _	YF̂,Y q	Y+̂sr�t�c�eOh�_HX,Z	e,c3oPY+] Z	[ h�e,c1ouj	d�W�q�eOb�Y c3[ h/Y i�XOd�[�̂)Y q�Y+̂DW	n6e,h	b	eOv
d�Y+]+XOe,W	h�[+h	b�e)cLXOZ�YFj	d�Y+n�Y+dwd�Y bHo:Y X,Z	W	bHW	n�o:[+x	e,h	_�]+[+̂Ô,cyf�Y X,z�Y Y+h|{8}�v�f�eOX~[+h�bH�	�	v�f�e)XD]+W�b	Y�c'Y _	o:YKh�XOc�r
��Z	Y h�Y i	Y+] m�X)e,h�_�[ h�e,h	X,Y+d4vwj	d�e,q	e,̂,Y _�Y+v�̂,Y+q	Y M̂n�[ d~] [+̂,̂,� X,Z�YL] W	b	YLc1Y+_	o:Y h�XMn�W	d�X)Z�YLj	d�W�] Y+b	m	dwYLf	Y e,h	_�] [+̂,̂,Y+b
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Mixing 16-Bit a nd 32-Bit Ca lls . ���������n �¡�¢���£�¤R �¥§¦� �¨�¨�©
ª���«�¬6�����®�¯�°�ª�¢�«Q ���±.²�³�°Rª�¢,«´¦�µ�±��
©���£��n����«�©�¶%«����·¦� �¨�¨,©
©!��µ�¸�¨�±�ª��¹�n �±��·«,��¥Rµ�¸�£��º ¹¦� �¨�¨´£� �«��¼»�½�¤�«����¹¤� �¥�¦� �¨�¨´¢�©
¤�¥Rµ��¾ ¹²�³�°Rª�¢�«�¦�µ�±��
©���£��n����«�«,µ¿ ¹V¯�°�ª�¢,«�¦�µ�±��§©w��£��n����«�¶�«����e¦� �¨�¨�©���µ�¸�¨�±¿ª��6�¿ �±��e¤�¥Rµ��À«����6¤�¢,¥�©w«�¯�ÁnÂ6ÃQÄ�«���©Åµ�¤Æ«,���e²�³�°
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Operation

IF near call
THEN IF near relative call 

IF the instruction pointer is not within code segment limit THEN #GP(0); FI;
THEN IF OperandSize C  32

THEN
IF stack not large enough for a 4-byte return address THEN #SS(0); FI;
Push(EIP);
EIP D  EIP E  DEST; (* DEST is F@G�H I�J  *)

ELSE (* OperandSize K  16 *)
IF stack not large enough for a 2-byte return address THEN #SS(0); FI;
Push(IP);
EIP L  (EIP M  DEST) AND 0000FFFFH; (* DEST is NPORQTS�U  *)

FI; 
FI;

ELSE (* near absolute call *)
IF the instruction pointer is not within code segment limit THEN #GP(0); FI;
IF OperandSize V  32

THEN
IF stack not large enough for a 4-byte return address THEN #SS(0); FI;
Push(EIP); 
EIP W  DEST; (* DEST is X Y�Z+[�\  *)

ELSE (* OperandSize ]  16 *) 
IF stack not large enough for a 2-byte return address THEN #SS(0); FI;
Push(IP);
EIP ̂  DEST AND 0000FFFFH; (* DEST is _ `%a�bRc  *)

FI; 
FI:

FI; 

IF far call AND (PE d  0 OR (PE e  1 AND VM f  1)) (* real-address or virtual-8086 mode *)
THEN

IF OperandSize g  32
THEN

IF stack not large enough for a 6-byte return address THEN #SS(0); FI;
IF the instruction pointer is not within code segment limit THEN #GP(0); FI;



3-63

INSTRUCTION SET REFERENCE

CALL—Call Procedure (Cont inued)

Push(CS); (* padded with 16 high-order bits *)
Push(EIP);
CS h  DEST[47:32]; (* DEST is i�j kml�n�o p
q  or [rtsRu
v w�x ] *)
EIP y  DEST[31:0]; (* DEST is z�{ |m}�~�� �
�  or [�t�R�
� �
� ] *)

ELSE (* OperandSize �  16 *)
IF stack not large enough for a 4-byte return address THEN #SS(0); FI;
IF the instruction pointer is not within code segment limit THEN #GP(0); FI;
Push(CS);
Push(IP);
CS �  DEST[31:16]; (* DEST is ��� �m�����%���  or [�t�R�
�%�R� ] *)
EIP �  DEST[15:0]; (* DEST is ��� �m�����%���  or [�t�R�
�%��� ] *)
EIP �  EIP AND 0000FFFFH; (* clear upper 16 bits *)

FI;
FI;

IF far call AND (PE    1 AND VM ¡  0) (* Protected mode, not virtual-8086 mode *)
THEN

IF segment selector in target operand null THEN #GP(0); FI;
IF segment selector index not within descriptor table limits

THEN #GP(new code segment selector);
FI;
Read type and access rights of selected segment descriptor;
IF segment type is not a conforming or nonconforming code segment, call gate,

task gate, or TSS THEN #GP(segment selector); FI;
Depending on type and access rights

GO TO CONFORMING-CODE-SEGMENT;
GO TO NONCONFORMING-CODE-SEGMENT;
GO TO CALL-GATE;
GO TO TASK-GATE;
GO TO TASK-STATE-SEGMENT;

FI;

CONFORMING-CODE-SEGMENT:
IF DPL ¢  CPL THEN #GP(new code segment selector); FI;
IF segment not present THEN #NP(new code segment selector); FI;
IF OperandSize £  32

THEN
IF stack not large enough for a 6-byte return address THEN #SS(0); FI;
IF the instruction pointer is not within code segment limit THEN #GP(0); FI;
Push(CS); (* padded with 16 high-order bits *)
Push(EIP);
CS ¤  DEST[NewCodeSegmentSelector); 
(* segment descriptor information also loaded *)
CS(RPL) ¥  CPL
EIP ¦  DEST[offset);
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ELSE (* OperandSize §  16 *)
IF stack not large enough for a 4-byte return address THEN #SS(0); FI;
IF the instruction pointer is not within code segment limit THEN #GP(0); FI;
Push(CS);
Push(IP);
CS ̈  DEST[NewCodeSegmentSelector); 
(* segment descriptor information also loaded *)
CS(RPL) ©  CPL
EIP ª  DEST[offset) AND 0000FFFFH; (* clear upper 16 bits *)

FI;
END;

NONCONFORMING-CODE-SEGMENT:
IF (RPL «  CPL) OR (DPL ¬  CPL) THEN #GP(new code segment selector); FI;
IF segment not present THEN #NP(new code segment selector); FI;
IF stack not large enough for return address THEN #SS(0); FI;
tempEIP   DEST[offset)
IF OperandSize® 16

THEN
tempEIP ̄  tempEIP AND 0000FFFFH; (* clear upper 16 bits *)

FI;
IF tempEIP outside code segment limit THEN #GP(0); FI;
IF OperandSize °  32

THEN
Push(CS); (* padded with 16 high-order bits *)
Push(EIP);
CS ±  DEST[NewCodeSegmentSelector); 
(* segment descriptor information also loaded *)
CS(RPL) ²  CPL;
EIP ³  tempEIP;

ELSE (* OperandSize ́  16 *)
Push(CS);
Push(IP);
CS µ  DEST[NewCodeSegmentSelector); 
(* segment descriptor information also loaded *)
CS(RPL) ¶  CPL;
EIP ·  tempEIP;

FI;
END;

CALL-GATE:
IF call gate DPL ̧  CPL or RPL THEN #GP(call gate selector); FI;
IF call gate not present THEN #NP(call gate selector); FI;
IF call gate code-segment selector is null THEN #GP(0); FI;
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IF call gate code-segment selector index is outside descriptor table limits
THEN #GP(code segment selector); FI;

Read code segment descriptor;
IF code-segment segment descriptor does not indicate a code segment
OR code-segment segment descriptor DPL ¹  CPL 

THEN #GP(code segment selector); FI;
IF code segment not present THEN #NP(new code segment selector); FI;
IF code segment is non-conforming AND DPL º  CPL

THEN go to MORE-PRIVILEGE;
ELSE go to SAME-PRIVILEGE;

FI;
END;

MORE-PRIVILEGE:
IF current TSS is 32-bit TSS

THEN 
TSSstackAddress »  new code segment (DPL ¼  8) ½  4
IF (TSSstackAddress ¾  7) ¿  TSS limit

THEN #TS(current TSS selector); FI;
newSS À  TSSstackAddress Á  4;
newESP Â  stack address;

ELSE (* TSS is 16-bit *)
TSSstackAddress Ã  new code segment (DPL Ä  4) Å  2
IF (TSSstackAddress Æ  4) Ç  TSS limit

THEN #TS(current TSS selector); FI;
newESP È  TSSstackAddress;
newSS É  TSSstackAddress Ê  2;

FI;
IF stack segment selector is null THEN #TS(stack segment selector); FI;
IF stack segment selector index is not within its descriptor table limits

THEN #TS(SS selector); FI
Read code segment descriptor;
IF stack segment selector’s RPL Ë  DPL of code segment

OR stack segment DPL Ì  DPL of code segment 
OR stack segment is not a writable data segment

THEN #TS(SS selector); FI
IF stack segment not present THEN #SS(SS selector); FI;
IF CallGateSize Í  32

THEN
IF stack does not have room for parameters plus 16 bytes

THEN #SS(SS selector); FI;
IF CallGate(InstructionPointer) not within code segment limit THEN #GP(0); FI;
SS Î  newSS; 
(* segment descriptor information also loaded *)
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ESP Ï  newESP; 
CS:EIP Ð  CallGate(CS:InstructionPointer); 
(* segment descriptor information also loaded *)
Push(oldSS:oldESP); (* from calling procedure *)
temp Ñ  parameter count from call gate, masked to 5 bits;
Push(parameters from calling procedure’s stack, temp)
Push(oldCS:oldEIP); (* return address to calling procedure *)

ELSE (* CallGateSize Ò  16 *)
IF stack does not have room for parameters plus 8 bytes

THEN #SS(SS selector); FI;
IF (CallGate(InstructionPointer) AND FFFFH) not within code segment limit 

THEN #GP(0); FI;
SS Ó  newSS; 
(* segment descriptor information also loaded *)
ESP Ô  newESP; 
CS:IP Õ  CallGate(CS:InstructionPointer);
(* segment descriptor information also loaded *)
Push(oldSS:oldESP); (* from calling procedure *)
temp Ö  parameter count from call gate, masked to 5 bits;
Push(parameters from calling procedure’s stack, temp)
Push(oldCS:oldEIP); (* return address to calling procedure *)

FI;
CPL ×  CodeSegment(DPL)
CS(RPL) Ø  CPL

END;

SAME-PRIVILEGE:
IF CallGateSize Ù  32

THEN
IF stack does not have room for 8 bytes

THEN #SS(0); FI;
IF EIP not within code segment limit then #GP(0); FI;
CS:EIP Ú  CallGate(CS:EIP) (* segment descriptor information also loaded *)
Push(oldCS:oldEIP); (* return address to calling procedure *)

ELSE (* CallGateSize Û  16 *)
IF stack does not have room for 4 bytes

THEN #SS(0); FI;
IF IP not within code segment limit THEN #GP(0); FI;
CS:IP Ü  CallGate(CS:instruction pointer) 
(* segment descriptor information also loaded *)
Push(oldCS:oldIP); (* return address to calling procedure *)

FI;
CS(RPL) Ý  CPL

END;



3-67

INSTRUCTION SET REFERENCE

CALL—Call Procedure (Cont inued)

TASK-GATE:
IF task gate DPL Þ  CPL or RPL 

THEN #GP(task gate selector); 
FI;
IF task gate not present 

THEN #NP(task gate selector); 
FI;
Read the TSS segment selector in the task-gate descriptor;
IF TSS segment selector local/global bit is set to local

OR index not within GDT limits
THEN #GP(TSS selector); 

FI;
Access TSS descriptor in GDT;

IF TSS descriptor specifies that the TSS is busy (low-order 5 bits set to 00001)
THEN #GP(TSS selector); 

FI;
IF TSS not present 

THEN #NP(TSS selector);
FI;
SWITCH-TASKS (with nesting) to TSS;
IF EIP not within code segment limit 

THEN #GP(0); 
FI;

END;

TASK-STATE-SEGMENT:
IF TSS DPL ß  CPL or RPL
OR TSS descriptor indicates TSS not available

THEN #GP(TSS selector);
FI;
IF TSS is not present 

THEN #NP(TSS selector); 
FI;
SWITCH-TASKS (with nesting) to TSS
IF EIP not within code segment limit 

THEN #GP(0); 
FI;

END;

Flags Af fected
à�á*áãâ�á�ä.å
æçä)è�éêä.âëâ�é)ì.í�é.îðï*âñäêí�ä)æóòôæPõ�ï�í�ì.öð÷
ì)ì.ø
èëæãùóú
÷ôâ�á�ä.å�æûä)è%éêä)âüâ%é)ì)í�é.îðï�âñäýí�ä.æPòôæ@õ�ï�í�ì.öðî
÷�é.æûú
÷�í�÷
ì.ì)ø�èÿþ
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Protected Mode Excep tions
����������	 
����������������������������� ���������������������!��"��������#�$���&%���'#���#�$��(��)����*,+������-�����#./�����

0 ��./���21

3�4��(��5������.&�����6�7� 0 ��+������8���9�:(#�;���������������������9��"����������<���=��> 0�0 1

3�4��(��?+������;������.@�����6��� 0 ��+A�:�#�4���9�:(#�;�������;���=��> 0�0 1

3���9./��.@���B'C�#"��������#�C���3����+����:D#�<�������������?���?��>����7�:�#�<��(#�9EGFIHKJ�F�HKLMFIHKN�FOH��#�
��F)������./���#� 0 ��.@�:�P1

3�8��(#�?J�FIHQLMF�H�N�FOH#�#�8��FC���������R�����O���S>������9���T��+�+����7��./��./���3'<���#�T�:��+��������������
�?��> 0�0 ������./���#�6�R� 0 ��+������P1

����������� 0 ��+��:�#�B	 
3�=+��#���<�7����./���#�8�����������9����UMFOFV�7� 0 ��+������������#��W)���?��>#���R�����T�����7+�����"������S����% 0 �
0 ��./�����X1

3�V��(��Y�7����.@���#�)������+��B��"������Z"������������[���\%�']��(��Y�7����./���#�)��� 0 ��+������Z�:�[��(��
�#���R�������������#�̂ ��"#���B�����_���̀ ���#�Z�3���$�]+��#��������./������a3+������b������.@������H)������+����#a
�3����.@�:�#��aB+��#���5������./���#��H�+�� 0�0 ��������H�������c<��������H����I�����Rc9�R�������5������.@�����P1

3�d��(��J���e �B���d��#����+������B�#��./�����#a�+����#��R����.@�����K���G���#�K��f�>�� 0 ���&��(��Eg�Oe$�#�
��(#�5hg�Oe!�3���8��(��?�R���#./�����Pi j=j�k�l#m/k�n�o6j�k�p�k�q�o�r�s4t�j�l�s�k�u�o�k�s8o�v�u�n9o�v�k;wGxOy5z
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{3|=o�v�kT}�xOy�|Bs�r�m,u9q�u�p�p�~�l�u�o:kA��o�u�jR�#~Bl�u�o�k��Kr�s��M�O�!j7k�l�m@k�n�oI��k�j�q�sBt���o�r�s�t�j5p�k�j�j
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¾�¿8º�Â�·5Ä�·�ÍY¶Rº�Æ�¹�Ê<¶�·�Å#É/·�Ä�º6¶�·�̧�·�¹�º�»�¼8Ã�¶=Ä�Á#̧�̧×Î
¾B¿�º�Â�·GØgÒ�Ù�»�¿�º�Â�·gÄ#·�ÍÚ¶7º:ÆA¹�ÊT¶�·�Å�É@·�Ä�º�¶�·�̧�·�¹�º�»�¼�Ã:Ä�º�Â�·GÓḾ�́/Ã�¶MÄ�»�º�·�Û�Á#Æ�̧�º�»�º:Â#·
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Virtual-8086 Mode Exceptions
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CLD—Clear Direction Flag

Descr ip tion
T8U.V�W�X�Y[Z.\V�]6̂ _̀�U.W�a�b.cFZ.\VedÔ:fOg�h�i�X�V�ab.YjZ.V�X�k1lm\V�c�Z.\$Ve]�̂�_�U.W�a�b.Y[YjV�Z$Z.n�o$pqYjZ.X�b.caFnrV�XGW�Z.b.ncY[b.cs�X�V�t
u V�cZ	Z.\$VFbCc@vV�w/X�V�ab.YjZ.V�X�Y�x�dOi:yKW�c$vz.nXKdO]�y�{|k

Operation

DF }  0;

Flags Af fected
~O��I�6�'���.�����.�N�j���	�.�/�E�*~O�$�I�2���@���L�$�O�L��:�L�$���L�@���$�/�:�S���.����������2�������������.���E�

Exceptions (All Operating Modes)
�����	�

Opcode Instru ct ion Descri ption

FC CLD Clear DF flag
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CMOV �8� —Condit ional Move

Opcode Instru ct ion Descri ption

0F 47  ¢¡ CMOVA £¥¤�¦�§�£ ¨¢©/¤
¦ Move if above (CF ª 0 and ZF « 0)

0F 47 ¬¢ CMOVA ®C¯�°�±�® ²¢³8¯�° Move if above (CF ´ 0 and ZF µ 0)

0F 43 ¶¢· CMOVAE ¸¥¹�º�»�¸ ¼�½�¹�º Move if above or equal (CF ¾ 0)

0F 43 ¿¢À CMOVAE ÁCÂ�Ã�Ä�Á Å�ÆeÂ�Ã Move if above or equal (CF Ç 0)

0F 42 È¢É CMOVB Ê¥Ë�Ì�Í�Ê Î,Ï/Ë
Ì Move if below (CF Ð 1)

0F 42 Ñ¢Ò CMOVB ÓCÔ�Õ�Ö�Ó ×,Ø8Ô�Õ Move if below (CF Ù 1)

0F 46 Ú¢Û CMOVBE Ü¥Ý�Þ�ß�Ü à�á�Ý�Þ Move if below or equal (CF â 1 or ZF ã 1)

0F 46 ä¢å CMOVBE æCç�è�é�æ ê�ëeç�è Move if below or equal (CF ì 1 or ZF í 1)

0F 42 î¢ï CMOVC ð�ñ
ò�ó�ð ô�õ�ñ�ò Move if carry (CF ö 1)

0F 42 ÷¢ø CMOVC ùûú�ü�ý�ù þ�ÿeú�ü Move if carry (CF � 1)

0F 44 
���

CMOVE �����
	�� ������ Move if equal (ZF � 1)

0F 44 ��� CMOVE �����
��� �����
� Move if equal (ZF � 1)

0F 4F ��� CMOVG �! �"�#�� $&%' �" Move if greater (ZF ( 0 and SF ) OF)

0F 4F *�+ CMOVG ,.-
/�0�, 1&23-�/ Move if greater (ZF 4 0 and SF 5 OF)

0F 4D 6&7 CMOVGE 8!9�:
;�8 <�=>9�: Move if greater or equal (SF ? OF)

0F 4D @&A CMOVGE B.C�D
E�B F�GHC�D Move if greater or equal (SF I OF)

0F 4C J&K CMOVL L!M�N�O�L P&Q'M�N Move if less (SF RTS OF)

0F 4C U&V CMOVL W.X
Y�Z�W [&\3X�Y Move if less (SF ]T^ OF)

0F 4E _�` CMOVLE a!b�c�d
a e�f�b�c Move if less or equal (ZF g 1 or SF h�i OF)

0F 4E j�k CMOVLE l.m
n�o
l p�q�m�n Move if less or equal (ZF r 1 or SF s�t OF)

0F 46 u�v CMOVNA w!xzy�{
w |�}�x�y Move if not above (CF ~ 1 or ZF � 1)

0F 46 ��� CMOVNA �.�����
� ������� Move if not above (CF � 1 or ZF � 1)

0F 42 ��� CMOVNAE �!������� �&�'��� Move if not above or equal (CF � 1)

0F 42 ��� CMOVNAE �.�
����� �&�3��� Move if not above or equal (CF � 1)

0F 43 ��� CMOVNB �! z¡�¢
� £�¤� �¡ Move if not below (CF ¥ 0)

0F 43 ¦�§ CMOVNB ¨.©�ª�«
¨ ¬��©�ª Move if not below (CF ® 0)

0F 47 ̄�° CMOVNBE ±!²�³�´�± µ&¶'²�³ Move if not below or equal (CF · 0 and ZF ¸ 0)

0F 47 ¹�º CMOVNBE ».¼
½�¾�» ¿&À3¼�½ Move if not below or equal (CF Á 0 and ZF Â 0)

0F 43 Ã�Ä CMOVNC Å!Æ�Ç�È
Å É&Ê'ÆzÇ Move if not carry (CF Ë 0)

0F 43 Ì�Í CMOVNC Î.Ï�Ð�Ñ
Î Ò&Ó3Ï�Ð Move if not carry (CF Ô 0)

0F 45 Õ�Ö CMOVNE ×!ØzÙ�Ú
× Û�Ü�Ø�Ù Move if not equal (ZF Ý 0)

0F 45 Þ�ß CMOVNE à.á�â�ã
à ä�å�á�â Move if not equal (ZF æ 0)

0F 4E ç�è CMOVNG é�ê�ë�ì
é í&î'ê�ë Move if not greater (ZF ï 1 or SF ðTñ OF)

0F 4E ò�ó CMOVNG ô�õ�ö�÷
ô ø&ù3õ
ö Move if not greater (ZF ú 1 or SF ûTü OF)

0F 4C ý&þ CMOVNGE ÿ������
ÿ ���	�
� Move if not greater or equal (SF ��� OF)

0F 4C �� CMOVNGE ��������� ������� Move if not greater or equal (SF ��� OF)

0F 4D ��� CMOVNL ������ �� !�"#�
� Move if not less (SF $ OF)

0F 4D %�& CMOVNL '�(�)�*�' +�,-(�) Move if not less (SF . OF)

0F 4F /�0 CMOVNLE 1�2�3�4�1 5�6	2
3 Move if not less or equal (ZF 7 0 and SF 8 OF)

0F 4F 9�: CMOVNLE ;=<�>�?�; @�A�<�> Move if not less or equal (ZF B 0 and SF C OF)
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INSTRUCTION SET REFERENCE

CMOV D-D —Conditional M ove (Cont inued)

Descript ion
EGFIHKJ-LNMPO#Q�QKR=SITVU=WYX[Z\U]R=^_SITPZ�`Ia�Z�bcU=`IaKTdU=e�U=aK^Ifg^ISIaK^IWghK^[WYaK^_f-U]`_aKTiU�e�U=XITjfYk=e�lITjR=ScU=`IaKmGnporqtsPu
Wva�l_R]TdU�a�WxwYyzn|{~}Pn�{���n�{�upn�{�e�S_���Gn���e�SI���Ia�WYf�^IWvh�e#hK^I�Iat^I�[a�W�e�U=R]^_S�R=f�U=`IatfYk=e�lITze�WYatR=S�e#Td�Ia�Z�R=fYR=a��
TdU]e�U=a�wv^IW�Z�^ISI�IR=U=R=^ISI�i��q�Z�^_SI�_R]U=R=^IS�Z�^_�Ia�wY�����z�=�t���V�i�_���=���=�����P�=�=�����������= _�i�=¡Y¢_�����]�_ £�=���= I�_�]�\���=���=�I�
���I _�[���=�=�I ¥¤I���= I¦¥�=���i�=���¥§Y�I¡�¨ª©v§«�]�_�j���_ I�I�=�=�=�I 	�=�g I�I���V�����=�i§��]���_¬��®��I¯_�j�=�g I�I�±°I��¡Y§v�_¡Y����	�� I�	��²I����¢_³
�=�=�I #���I I�=�= I¢_���g�j�=�=�#�]�_�´�� [�V�=¡v¢I���=�=�I #§v�Iµ=µ=�I�P�= _¦¥���[�®¶-·N¸P¹tº�º´»�¼[½V¾]¿YÀIÁ�¾=»�Â[¼«Ã
ÄxÅIÆ�½dÆ-»]¼_½d¾=¿YÀIÁ�¾=»=ÂI¼I½GÁ�Ç�¼PÈ�ÂIÉIÆ-Ç	Ê\Ë_Ì�ÂI¿�Í[ÎIÌ�ÏI»=¾IÉ[Ç�Ð=À_ÆzÑY¿YÂIÈÒÈ�Æ�È�Â_¿vÓj¾]ÂPÇ-Ô[Æ�¼_Æ�¿YÇ�Ð=ÌYÕ[À_¿YÕ[Â_½dÆ�¿YÆ�ÔI»=½V¾=Æ�¿pÂ_¿
Ñv¿vÂ_ÈÖÂI¼IÆjÔIÆ�¼IÆ�¿�Ç�Ð=ÌYÕIÀI¿YÕIÂI½dÆP¿�Æ�ÔI»=½V¾]Æ�¿r¾=ÂKÇ�¼IÂI¾=Å_Æ�¿�Ã�×-ÂI¼IØ_»=¾]»�ÂI¼IÇ�Ð~È�Â_ÉIÆ�½-Â_ÑGÙ_ÌvÏI»=¾�¿�Æ�ÔI»=½d¾�Æ�¿rÂIÕIÆ�¿vÇ�¼[Ø_½-Ç�¿YÆ
¼[Â_¾±½dÀ_Õ[ÕIÂ_¿v¾=Æ�ØÚÃ
ÄGÅ[Æ#Á�ÂI¼IØ_»=¾]»=Â_¼I½´ÑYÂI¿ÛÆ�Ç�Á�Å�×�ÜNÝPÞtß�ß	à�áIâ\à�ã[áIä=å#ä]æ´ç_ä]è_â�á�ä=á�é=êIâ¥ë_â�æiå�ìvä=í_é=ä=ãIá�å�ãIî=ïIàKá�ãIðÛé=ê_â¥ñ�òIã_èIâ
é=ñ�òIî=â�óõôGêIâ®é]â�ìYàKæÛö�÷�ø�ùdùdúzû�üIý#þ�ÿ�������������	�
�������������������������
���������������� �!�#"�����$����%��"�����&
����'%�(�)%�����*�
+�,�-�.�/�0�1�2�3�4$5�6�7�8:9�;=<)>�?�@)A�BC@�D$E�F�?GA�H�BCI#J�H�@�D'I�H�K�@�J�@�?�BML
N @�O�>�A�BC@*>QP�>�?�K�I�O�A�R�>�?SB!K�>�K�@TF�EUK�V�@QB!K#>�K�A�BWE�R�>�J�BWO�>�HXBCF�Y�@�K�I�Y�@�B�Z�@QI�H�K�@�?�P�?�@�K�@�D[I�H[K:\=F[\=>�]�B!^_K�\=F
Y*H�@�Y*F�H�I#O�BQ>�?�@XD�@�E�I#H�@�D`E�F�?WB!F�Y*@[F�P�O�F�D�@�BML�abF�?W@�c�>�Y'P�R#@�^&K�V�@[dSe`f=g hji�O�F�H�D�I#K�I�F�H�>�RUY*F�k�@[I�E
>�Z�F�k�@�lmI�H�B!K:?nA�O�K�I#F�HW>�H�DWK�V�@SdSe`f=g=o NSp i�O�F�H�D�I�K�I�F�H�>�R�Y*F�k�@SI�E�H�F�KqZ�@�R�F�\rF�?�@�s�A�>�R#lmI:H�BCK�?nA�O�K�I#F�HW>�?�@
>�R�K#@�?�H�>�K�@)Y'H�@�Y*F�H�I#O�B&E�F�?GK�V�@�F�P�O�F�D�@�t�aTu�v�wTL

Opcode Inst ructi on Descri ption

0F 41 xzy CMOVNO {}|}~���{ �z�$|}~ Move if not overflow (OF � 0)

0F 41 �z� CMOVNO ��������� �z�S��� Move if not overflow (OF � 0)

0F 4B ��� CMOVNP ���}����� �:�'�}� Move if not parity (PF � 0)

0F 4B ��� CMOVNP ��������� �:�U��� Move if not parity (PF � 0)

0F 49  z¡ CMOVNS ¢�£}¤�¥�¢ ¦:§'£}¤ Move if not sign (SF ¨ 0)

0F 49 ©zª CMOVNS «�¬��®�« ¯:°U¬� Move if not sign (SF ± 0)

0F q5 ²z³ CMOVNZ ´}µ}¶�·�´ ¸z¹$µ}¶ Move if not zero (ZF º 0)

0F 45 »z¼ CMOVNZ ½�¾�¿�À�½ ÁzÂS¾�¿ Move if not zero (ZF Ã 0)

0F 40 ÄzÅ CMOVO ÆÈÇ}É�Ê�Æ Ë:Ì$ÇÍÉ Move if overflow (OF=1)

0F 40 ÎzÏ CMOVO Ð#Ñ�Ò�Ó�Ð Ô:ÕSÑ�Ò Move if overflow (OF=1)

0F 4A Ö�× CMOVP Ø�ÙÍÚ�Û�Ø Ü�Ý�ÙÍÚ Move if parity (PF Þ 1)

0F 4A ß�à CMOVP á�â�ã�ä�á å�æçâ�ã Move if parity (PF è 1)

0F 4A é�ê CMOVPE ë}ì}í�î�ë ïzð$ì}í Move if parity even (PF ñ 1)

0F 4A ò�ó CMOVPE ô�õ�ö�÷�ô øzùSõ�ö Move if parity even (PF ú 1)

0F 4B û�ü CMOVPO ýÈþ}ÿ���ý ��� þÍÿ Move if parity odd (PF � 0)

0F 4B ��� CMOVPO �
	����� ����	� Move if parity odd (PF � 0)

0F 48 ��� CMOVS ��������� ������� Move if sign (SF � 1)

0F 48 �� CMOVS !#"$�%�! &�'�"$ Move if sign (SF ( 1)

0F 44 )�* CMOVZ +-,/.�01+ 2435,�. Move if zero (ZF 6 1)

0F 44 7�8 CMOVZ 9
:�;�<19 =4>?:; Move if zero (ZF @ 1)
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INSTRUCTION SET REFERENCE

CMOV A?A —Conditional Move (Con tinued)

BDCFE�G?HJILKLMM?NPOFQSRPTVUFWRPNPXYOFQDZ\[�T�[?NPOYR4T]XF̂FUFW�[̂_N4OLRP̀F[�acb\d]efgNPh4iLjYT�XFW�[QSQkXYT�Q1lm̀nXYZ\[�oF[�T�pqRP̀F[�Qr[?NPOFQSRPTVUFW�s
R
N4XYOnQ_fte�iuOYXnRwvF[gQrUFjYjnXFTVR
[�̂uvnixe�hPhwy�zLsV{n|xjnTVXFW�[�QkQSXnT]Q~}Y��Xnd]RPZ\e�TV[�We�OûY[�R4[�TVftNPOF[gN
d�RP̀Y[g�?�J�L�L���
�
�n�S�4�]�n���P�P�F�F�g�����u�S�n�F�Y�F���
��J�Y�J���n�����n�
�F�J�P�Y���Y���F����r�S�n�� �t�V����
 F¡��u¢P£F�]¤F¡�¥g��P¢P¤Y£§¦L¢4�P̈§�P̈F�ª©¬«�L®V̄
¢
£n�r�P¡V F°��P¢P¤F£�±��S���t²³?́LµJ¶V·�·¹̧»º�¼n½g¾F¿�ÀVÁÃÂ�Ä¿�ÅP¿À?ÆLÀVÇFÁÀ]Á�Ç�ÂcÈPÉYÊnÅ
ÁËVÌcÀVÁÄ�ÈPÍkÈ
¼YÉ�Î¹Å
¼F¿ÏPÈPÉYÊFËVÌc¼FÈPÉFÏDÐÑ¿�ÅPÒFÁ�Í
¿�ÉnÇ�ÂcÁÏÔÓÑÎ�ÕDÖL×LÂ�ØÚÙPÛ5ÜPÝFÙPÞàß�Ýná�âYÜPã�ä�åmæ

Operation

temp ç  SRC
IF condition TRUE

THEN
DEST è  temp

FI;

Flags Af fected
éLêFëFìîí

Protected Mode Except ions
ïFðLñ�ò�óFô õVöÑ÷�øgùøgúFûVüýúFþYùûV÷�ÿ��Ãù�ö�ö�ù������	�Yù5÷��
�Fû�ù�����	�¬ú����	���	�Fù��	�Fù������������������������ úYû

ð����rù��nøtù�ÿ��! ��
ø"�	�$#
õVö%�	�Fù&�����'�(���'�����FúFû ð��Ãû�ù����	���
ùû%�úFÿ
�
÷)�4ÿ
� ÷Úÿ��� 	 *�rù��Føgù�ÿ��*�rù� 4ù)���PúYû+#

ï����¹ò]óFô õVö ÷ øtù�øgúnûVü�úFþFùû]÷�ÿ'��ù�ö]öVù��)���,�Fù ÷)���Yû�ù����-�	�àú��
���.�	�Fù&�	�Yù&���/�Sù)�Føgù�ÿ��* 	�Pø"�	�$#
ïFñ��cò]ö�÷)�� ,�	01��ú
�nù�ô õ�ö ÷ÚþF÷��Fù ö�÷��� ,�îú��)���nû2�3#
ï�4��?òVóFô õVö ÷� 	�	�Fÿnøgùÿ
�(���Fù)��5��Pÿ��/�	�_ù�ÿF÷)6� Pù)�x÷ÿ��x÷ÿ/�FÿF÷� 	���YÿFù)�xøtù�øtúFûVüªû�ù�öVù�û�ù�ÿ��ù7�	�

øt÷��Fù98����	 Pù9�	�nù9���FûVû�ù�ÿ
�îþnû:�	�
�� Pù��Yù& 
ù)�Fù� *�	�-;%#

Real-Address Mode Exceptions
<�=�> ?:@BA�C"D�C"E
F:GHE�I
D)F:A)J�KHD�@L@1D�M�N�O	P
DQA�K
K�F1D�R�RO	RE
S'N	R�O	K
DQN	T�D�U�V�W�X�V�W�Y(V�W�Z�V[W�E
F

=�V�R�D�\'C"D�J�N!]�O,C"O	N$̂
<�V�V ?1@[A&C7D)C7E�F1G�E�I�D�F2A)J�K�D�@:@2D)M�N�O	P
D&A�K�K
F1D�R�R-O	R-E�S
N�R.O	K�D&N	T
D&V�V/R.D)\�C_D)J�N*]	O	C"O,N$̂
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INSTRUCTION SET REFERENCE

CMOVà̀ —Conditional M ove (Cont inued)

Virtual-8086 Mode Exceptions
b�c�d�e:f�g h:i�j�k"l)k_m'n:oHm�p�l�n1j�q
rHl)i2i2l)s�t	u�v
lQj�r
r�n1l�w�wu	wm
x't	w.u�r
lQt,y�l�za{�|�}�{�|�~({[|���{�|�m
n

c�{�w�l��'k"l�q
t*�	u	k7u�t$�
b�{�{�e:f�g h2i�j9k7l)k7m�n1o�m�p
l)n:j)q�r�l�i2i:l�s)t	u	v�l9j)r�r
n1l�w�w-u	w-m�x
t	w�u,r�l9t	y�l9{�{�w�l���k"l�q�t*�	u	k"u	t$�
b'd���e1i:j)x
��t,�:s�m�r'l�g h2i�j&p
j���l&i:j�x��	t*m�s�s)x�n2w3�
b���zae:f�g h:iaj��	u	��q'k_l)q�t�s)y�l)s��
u	q���u	w�l�q�j)�
��l�r/j�q�r/j)q/x
q'j��	u	��q�l)r/k7l)k"m
n:o�n2l)i:l)n:l)q�s�l_u�w

k7j�r�l*�
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INSTRUCTION SET REFERENCE

HLT—Halt

Descript ion
���	���
�7�	���.���:���)�	�	�������'���)�
�	���
���)�������	�)���)�7�	�������:�����)�.���
���	������ �¡'¢£���	���	�*¤� ��¥������¦��	�)���	���	���1�:�����
§1�	�����	�����	��¨ª©�«¥¬������ª��«¥¬:1®¯�°����¦���¨¥�)�����)�
���	�
��®¯�	���°±�¬1©�¬2¢�²¥���	¨��
���	®a�	�
�³¬2©�¬:¢(²ª���	¨
���)�	®¯�����	���
´µ � µ ¢(²��.�	¨'�����'¶��,�	�'�:�)�.�'·7�����'�����
�	���
�%¤�¬:¸[�����	���	���:�:�'���
§1�,�'���	���
�	��¨�©�«�¬:��	�(�'�.�)���,���1�����'·_��������)�
¹
�	�	������¸:�	���&����¡!¢º�,�����	�:�����	�	����®(�	��������»'�����,�'�.�	�1�����	�	�����
���	���	���&§:¼a�-½ µ ¬:¾�&�
���	�'�,�_�	�³�	�
�/�,�����	�:�������,�
�
¸1�
���	�
¶��	�
¨Q�	���9��¡'¢³�	�����	�1�
���	���
�%¤
¿ �
�)�Q�&��¡!¢³�	�
���,�1�
�)�	�	���Q�	�B�)�����)�
�����Q�����)�Q¬2 �¹1À�Á��'�:�
�)�����.�'�[¶����	�Q��Â������2¹2¢(���1���)�
�	��¨Q¢��)�������
���
¨�Â�®
�����,Â����
�9�	�
¨��	���)�!�
�:���)�����.���[�	�����'�����)�����	���B�	�
��	�
���	�:�
�)�	�	�����	�B�����	�	���%¤�¢(����
���
�)���	��¨��	���)�����1�
���)�������:���	�
�	���7����Â��.�����)�����:�����)�.���
�a�:�)·"���	�/�)���	�	»��)®%�
���	�)�����	���)Â/�)�:�7���)�����	���
�	»��	���
�)���	Â/�����	�����/¦�Â������)���
�	�	��¨��
��¡!¢³�	�����,�1���)�,�	���%¤
¢(�'����¡'¢ª�	�
���,�1�
���	���
�H�	�����'�2�	»��	�	��¨'���"���
���,�1�
���	�	���%¤ ¿ ���)�"�,�'���
�1�����)�.���
�B�,��1���
�'�,�'¨"�,���
�:�'�,�)���	���H�
�
»'�,�1�,�
�)��¹2Ã�Ä�Ã�ÅQ·"�
���)®
���
�&���1�,»��,���)¨
�&�,�)»��)�!�'¸[�&���:��¨��2�)·Æ���%���1�
���)�����:�&·"���.�*¦��&Ä��	�_���
�)�)���,�&�	���&��¡'¢
�	�����	�:�'���,�	���%¤

Operation

Enter Halt state;

Flags Af fected
Ç�È'É
Ê!Ë

Protected Mode Excep tions
Ì'Í�Î�Ï1Ð�Ñ

Real-Addr ess Mode Exceptions
Ò�Ó'Ô
Õ!Ö

Virtual-8086 Mode Exceptions
×'Ø�Ù�Ú1Û�Ü

Opcode Inst ructi on Descri ption

F4 HLT Halt
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INSTRUCTION SET REFERENCE

INC—Incr ement by  1

Descript ion
Ý�Þ'Þ
ß�à�á�â�á	ã
ä"Þ�ä)ß.á	å	æ�ç�á	å	â�æ�â�è
ä)é:ç)æ�Þ
ê[ë�ã
å	ì�ä7è�é2ä�ß�ä�é:í�å	æ�î/á	ã�ä7ß�á,ç)á	ä7â�ïaá	ã�ä_ðñ�ï:ì�ç�î[ò�ó(ã�ä7Þ�ä�ß�á�å	æ
ç�á�å	â
æ
â�è�ä�é1ç�æ�Þ�ô)ç�æ�õ
ä"ç7é:ä)î
å	ß�á	ä�éaâ�éaç7ö"ä)ö7â�é:÷/ì	â'ô�ç)á	å	â�æ[ò
ó�ã�å	ß�å	æ�ß.á	é:ø�ô)á	å	â�æ�ç�ì	ì	â
ë�ß�ç"ì	â�â�è/ô)â�ø
æ�á	ä)éaá	â/õ�ä
ø'è
Þ�ç)á,ä)ÞQë�å	á	ã
â�ø�á�Þ�å,ß�á	ø�é:õ�å,æ'îQá	ã�ä&ð�ñ/ï:ì	ç)î[ò�ù:ú�ß�ä&ç&Ý�û�ûºå	æ�ß�á,é1ø
ô)á	å,â�æ_ë�å	á,ã_ç)æQå�ö7ö"ä�Þ�å	ç)á,ä�â�è�ä)é:ç)æ
Þ7â
ï
àá,âQè�ä�é1ï2â�é1öüç�æQå	æ
ô)é:ä)ö"ä�æ�á*â
è'ä�é1ç�á	å	â�æ�á	ã�ç)á*Þ
â'ä�ß-ø�è�Þ
ç�á	ä)ß¯á,ã�ä9ðñ�ï:ì	ç)î[ò ý
ó(ã'å,ß-å	æ'ß.á	é1ø�ô�á	å	â�æQô�ç�æ_õ
ä&ø�ß�ä�Þ�ë�å	á	ã�ç&þ(ÿ�ð�� è
é1ä�ï1å���á�â�ç�ì	ì	â�ëºá,ã'äå�æ
ß�á,é1ø
ô�á	å�â
æ_á,âQõ�ä&ä��
ä)ô�ø�á	ä�Þ_ç�á�â
ö"å��
ô)ç�ì	ì,÷*ò

Operation

DEST �  DEST � 1;

Flags Af fected
�
	������������������������� �!�"� #���� $&%'�
	��)(*�,+�-.�,+�/
�0+�1*�,+�� ��$�2.�3�"��������� 45�)�6����� #�#7��4�$������8������	��)4"� �:9;���<%

Protected Mode Excep tions
=�>@?BA�C�D E"FHG�I�JLK�J MNG�O�P�Q G�O�R�P8R�S�J T"Q P�K�O�M�U�R�V�Q G�J�K8O�P�Q)P�R�P�W�X*T"O�G�Q Y�U�J)M:J�Z�[\J P�Ĝ ]

E5F_Q�[̀ J�[\R�T�abR�S�J T"Q P�KbJ�F5F"J�V GcO�d�J8Q�K�K�T"J�MNMLO�MLR�e�G�M:O�K�J8G�I�J�fhgjilk*gBilm
gjilnBg.iBR�T
>*g�MNJ�Z;[̀ J�P�G�U�O�[\O�Ĝ ]
E5F&G�I�JLk*gji,m
gBi�nBg.i�R�T&>*gbT"J�Z�O�M6GcJ T.O�Moe�MNJ�K�G�R@Q V�V J�M:M_[̀ J�[̀ R�T5a8Q�P�K@O�G�V R�P�G�Q�O�P�M
QLP�e�U�U�MNJ�Z�[̀ J�P�G�M6J�U�J V�G�R�T̂ ]

=�g.g.A"C�D E5FHQ�[\J [\R�T�a�R�S�J T"Q P�K�J�F5F"J�V G�O�d�J�Q K�K�T�J�MNM�O�M�R�e�G�M6OcK�J�G�I�J�g.g�M6J�Z�[̀ J�P�G�U�O�[̀ O�Ĝ ]
=;?BnBA�F"Q e�U�GcW"V�R�K;J�D E5FHQ)S�Q�Z�J)F"Q�e�U�G�R�V�V e�T5M,]
=�p@fhA"C�D E"FhQ�U�O�Z�P;[qJ P�GrV I�J V�s�O�P�ZtO�MuJ�P�Q Y�U�J�KvQ�P�KvQ Pve�P;Q�U�O�Z�P�J Kv[\J [̀ R�T"atT5J F"J T"J P�V�JqO�M

[\Q�K�J)X*I�O�U�J�G�I�J�V�e�T�T5J P�G�S�T"O�d�OcU�J7Z;J�U�J�d;J�U�O�M�w&]

Opcode Inst ructi on Descri ption

FE /0 INC x y�zL{ Increment | }�~  byte by 1

FF /0 INC � ���q�^� Increment � ���  word by 1

FF /0 INC � ���L��� Increment � ���  doubleword by 1

40 �  �<� INC �^�^� Increment word register by 1

40 �  �c� INC ����� Increment doubleword register by 1
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INC—Increment by 1 (Continued)

Real-Address Mode Exceptions
���*� �" _¡@¢̀ £�¢̀ ¤�¥"¦b¤�§�£ ¥"¡ ̈�©b£� ! �£�ª7«�¬��£8¡�©�©�¥�£�®N®L¬�®L¤�̄;«�®N¬�©�£8«�°�£@±�²B³ĺ*².³Bµ
².³l¶B²j³l¤�¥

�*²�®N£�·;¢̀ £�̈�«¹̧�¬c¢̀ ¬�«̂ º
��²B² �� j¡)¢\£ ¢\¤�¥�¦�¤�§�£�¥5¡ ̈�©�£� " 5£ ª�«�¬��£)¡�©�©�¥�£�®N®�¬�®�¤�̄�«�®:¬�©�£)«�°�£)²B²v®:£ ·�¢q£ ̈�«�̧�¬�¢̀ ¬c«̂ º

Virtual-8086 Mode Exceptions
»�¼*½B¾�¿�À Á"ÂoÃ�Ä\Å Ä\Æ�Ç"ÈbÆ�É�Å Ç"Ã�Ê�Ë�Å�Â!Â�Å�Ì7Í�Î�Ï�Å8Ã�Ë�Ë�Ç�Å�ÐNÐLÎ�ÐLÆ�Ñ�Í�ÐNÎ�Ë�Å�Í�Ò�Å@Ó�Ô.ÕlÖ*ÔBÕB×oÔBÕlØ.Ô.ÕlÆ�Ç

¼*Ô�ÐNÅ�Ù;Ä̀ Å�Ê�Í¹Ú�ÎcÄ̀ Î�Í̂ Û
»�ÔBÔj¾5¿�À Á"Â&Ã�Ä̀ Å�Ä\Æ;Ç"È�Æ�É�Å Ç5Ã�Ê�Ë8Å�Â5Â"Å�Ì Í�ÎcÏ�Å�Ã Ë�Ë�Ç�Å�Ð:ÐÜÎ�Ð�Æ�Ñ�Í�Ð:Î�Ë�Å)Í�Ò�Å)ÔBÔvÐ:Å Ù�Ä\Å�Ê�Í�Ú�Î�Ä̀ Î�Í̂ Û
»�½BØ.¾5Â�Ã Ñ�ÚcÍ�Ý�Ì�Æ�Ë;Å�À Á�Â&Ã)É�Ã�Ù�Å�Â�Ã�Ñ�ÚcÍ�Æ�Ì Ì�Ñ;Ç5Ð,Û
»�Þ*Ó�¾"¿�À Á"ÂÜÃ�Ú�Î�Ù�Ê;Ä\Å Ê�Í
Ì�Ò�Å Ì�ß�Î�Ê�ÙvÎ�ÐuÅ�Ê�Ã à�Ú�Å Ë3Ã Ê�Ë3Ã ÊvÑ�Ê�Ã�Ú�Î�Ù�Ê�Å Ë3Ä̀ Å�Ä̀ Æ�Ç"ÈvÇ�Å�Â"Å�Ç�Å�Ê�Ì Å\Î�Ð

Ä̀ Ã�Ë�Å¹Û
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IRET/IRETD—Interrupt Re turn

Descript ion
á�â ãcä�å"æ�çÜè�å�é�ê�å�ë ìîí é�æ�ã�å"é�ïlð�å5é;ìîë�æqâ�ñ;í�â è�ã�òcé;æ8é�åròcæ�ã�â å5å�ä�è�ãló�ë æ�ô�ï�â å&ã�é\ë�è;å5é�ê�å"ë�ìõé�årè�å�é�í â�ô�ä;å"â)ã�ó�ë ã
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â�ßbó�ÜäjäZü�ßnê���ê�ó�Üô�Ü$å Ý�ì�æà Ý�ì�Ümê�à�Ý�Ü$ßnß�Þ�üYÝxì�æ$àYå�ó�Üß{ß8âYÞ�Ý�ê�à�Ü2è8æ$äZê�àYå�ê�ëæ$Ý�Ü$å þ�� Ý�ì�Ü2Û��<÷Gá8ê�Üó�å â�á{Ý�ì�ÜmëâYå�Ü
äjÜô�ãPÜ$à�ÝyäjÜó�Üë$Ý�â�ß&ü�â�üYü�Ü$å;ánß�â�ã Ý�ì�ÜEävÝ�æ~ë$ç�í î ø�ä+é�ê�Ý�ì;æEß8Üæ$ó��næå�å�ßnÜ$äjä+ãPâYå�ÜEê�à�Ý�Üß�ßnÞ�ü�ÝyßnÜÝ�ÞYß�à�û$Ý�ì�Ü ð ÛVõbò
ê�à�äjÝ�ß�Þ�ëÝ�ê�â�à ü�âYü�ä�Ý�ì�Ü�ß8Ü$Ý�Þ�ßnà ê�à�äjÝ�ß8Þ�ëÝ�ê�â�à ü�â�ê�àYÝ�Ü$ß�û�ß8Ü$Ý�Þ�ßnà ëâYå�Ü ä�ÜôYãPÜà�Ý/äjÜ$ó�Ü$ëÝ�â�ß�ûZæà�å õ�ö�÷[ø2ù�ú
ê�ãPæô�ÜPá8ß8â�ã Ý�ì�Ü äjÝ�æ$ëç�Ý�â Ý�ì�Ü õ ð �û
	�ú<û[æ$àYå�õ�ö�÷�ø�ù�ú�ß8Üô�ê�äjÝ�Ü$ß8äjû[ß8Ü$ävü�Ü$ëÝ�ê���Ü$ó��~û[æàYå�Ý�ì�Ü$à ß8Ü$ävÞ�ãPÜ$ä
Ü���Üë$ÞYÝ�ê�â�à2â�ádÝ�ì�Ü�ê�à�Ý�Ü$ß8ß�Þ�üYÝ�Ü$å2ü�ß8â�ô�ß�æ~ã}â�ßdü�ßnâ�ëÜå�ÞYß�Ü&î ð ádÝ�ì�Ü�ß8Ü$Ý�Þ�ß�à�ê�äbÝ�â2æ$à�âYÝ�ìYÜ$ß�ü�ßnê��Yê�ó�ÜôYÜ�ó�Ü��Üó�ûyÝ�ì�Ü
ð ÛVõ�ò�ê�à�äjÝ�ß�ÞYëÝ�ê�âYà�æó�ävâ ü�â�üYä�Ý�ì�ÜmävÝ�æ$ëç üYâ�ê�à�Ý�Üß{æà�å ú<ú�á�ß8â�ã Ý�ì�Ü2ä�Ý�æ$ëç�û<þYÜá�â�ß8Ümß8Ü$ävÞ�ã^ê�à�ô üYß8â�ôYß8æ$ã
Ü���Üë$ÞYÝ�ê�âYàxî ð áxÝ�ì�ÜZß�ÜÝ�Þ�ßnà	ê�ä{Ý�â��Yê�ß8Ý�Þ�æ$ó����������mã^â�å�ÜûYÝ�ì�Ü�ü�ß8âYë$Üä�ävâ�ß�æ$ó�äjâmüYâ�ü�äbÝ�ì�ÜZå�æÝ�æZäjÜô�ã^Üà�Ý�ß�Üô�ê�ä��
Ý�Ü$ß8älá8ß�âYã�Ý�ì�Ü�äjÝ�æë$çxî

Opcode Inst ructi on Descri ption

CF IRET Interrupt return (16-bit operand size)

CF IRETD Interrupt return (32-bit operand size)
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Operation

IF PE X  0
THEN 

GOTO REAL-ADDRESS-MODE:;
ELSE 

GOTO PROTECTED-MODE;
FI;

REAL-ADDRESS-MODE;
IF OperandSize Y  32

THEN
IF top 12 bytes of stack not within stack limits THEN #SS; FI;
IF instruction pointer not within code segment limits THEN #GP(0); FI;
EIP Z  Pop();
CS [  Pop(); (* 32-bit pop, high-order 16 bits discarded *)
tempEFLAGS \  Pop();
EFLAGS ]  (tempEFLAGS AND 257FD5H) OR (EFLAGS AND 1A0000H);

ELSE (* OperandSize ^  16 *)
IF top 6 bytes of stack are not within stack limits THEN #SS; FI;
IF instruction pointer not within code segment limits THEN #GP(0); FI;
EIP _  Pop();
EIP ̀  EIP AND 0000FFFFH;
CS a  Pop(); (* 16-bit pop *)
EFLAGS[15:0] b  Pop();

FI;
END;

PROTECTED-MODE:
IF VM c  1 (* Virtual-8086 mode: PE d 1, VMe 1 *)

THEN 
GOTO RETURN-FROM-VIRTUAL-8086-MODE; (* PEf 1, VMg 1 *)

FI;
IF NT h  1

THEN 
GOTO TASK-RETURN;( *PEi 1, VM j 0, NTk 1 *)

FI;
IF OperandSizel 32

THEN
IF top 12 bytes of stack not within stack limits
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THEN #SS(0)
FI;
tempEIP m  Pop();
tempCS n  Pop();
tempEFLAGS o  Pop();

ELSE (* OperandSize p  16 *)
IF top 6 bytes of stack are not within stack limits

THEN #SS(0);
FI;
tempEIP q  Pop();
tempCS r  Pop();
tempEFLAGS s  Pop();
tempEIP t  tempEIP AND FFFFH;
tempEFLAGS u  tempEFLAGS AND FFFFH;

FI;
IF tempEFLAGS(VM) v  1 AND CPLw 0

THEN 
GOTO RETURN-TO-VIRTUAL-8086-MODE; 
(* PEx 1, VMy 1 in EFLAGS image *)

ELSE 
GOTO PROTECTED-MODE-RETURN;
(* PEz 1, VM{ 0 in EFLAGS image *)

FI;

RETURN-FROM-VIRTUAL-8086-MODE: 
(* Processor is in virtual-8086 mode when IRET is executed and stays in virtual-8086 mode *)

IF IOPL| 3 (* Virtual mode: PE } 1, VM~ 1, IOPL� 3 *)
THEN IF OperandSize �  32

THEN
IF top 12 bytes of stack not within stack limits THEN #SS(0); FI;
IF instruction pointer not within code segment limits THEN #GP(0); FI;
EIP �  Pop();
CS �  Pop(); (* 32-bit pop, high-order 16 bits discarded *)
EFLAGS �  Pop();
(*VM,IOPL,VIP,and VIF EFLAGS bits are not modified by pop *)

ELSE (* OperandSize �  16 *)
IF top 6 bytes of stack are not within stack limits THEN #SS(0); FI;
IF instruction pointer not within code segment limits THEN #GP(0); FI;
EIP �  Pop();
EIP �  EIP AND 0000FFFFH;
CS �  Pop(); (* 16-bit pop *)
EFLAGS[15:0] �  Pop(); (* IOPL in EFLAGS is not modified by pop *)

FI;
ELSE 

#GP(0); (* trap to virtual-8086 monitor: PE� 1, VM� 1, IOPL� 3 *)
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FI;
END;

RETURN-TO-VIRTUAL-8086-MODE: 
(* Interrupted procedure was in virtual-8086 mode: PE� 1, VM� 1 in flags image *)

IF top 24 bytes of stack are not within stack segment limits
THEN #SS(0);

FI;
IF instruction pointer not within code segment limits

THEN #GP(0);
FI;
CS �  tempCS;
EIP �  tempEIP;
EFLAGS �  tempEFLAGS
TempESP �  Pop();
TempSS �  Pop();
ES �  Pop(); (* pop 2 words; throw away high-order word *)
DS �  Pop(); (* pop 2 words; throw away high-order word *)
FS �  Pop(); (* pop 2 words; throw away high-order word *)
GS �  Pop(); (* pop 2 words; throw away high-order word *)
SS:ESP �  TempSS:TempESP;
CPL �  3;
(* Resume execution in Virtual-8086 mode *)

END;

TASK-RETURN: (* PE� 1, VM� 1, NT� 1 *)
Read segment selector in link field of current TSS;
IF local/global bit is set to local

OR index not within GDT limits
THEN #TS (TSS selector); 

FI;
Access TSS for task specified in link field of current TSS;
IF TSS descriptor type is not TSS or if the TSS is marked not busy

THEN #TS (TSS selector); 
FI;
IF TSS not present 

THEN #NP(TSS selector); 
FI;
SWITCH-TASKS (without nesting) to TSS specified in link field of current TSS;
Mark the task just abandoned as NOT BUSY;
IF EIP is not within code segment limit 

THEN #GP(0);
FI;

END;
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PROTECTED-MODE-RETURN: (* PE� 1, VM � 0 in flags image *)
IF return code segment selector is null THEN GP(0); FI;
IF return code segment selector addrsses descriptor beyond descriptor table limit 

THEN GP(selector; FI;
Read segment descriptor pointed to by the return code segment selector
IF return code segment descriptor is not a code segment THEN #GP(selector); FI;
IF return code segment selector RPL �  CPL THEN #GP(selector); FI;
IF return code segment descriptor is conforming

AND return code segment DPL �  return code segment selector RPL
THEN #GP(selector); FI;

IF return code segment descriptor is not present THEN #NP(selector); FI:
IF return code segment selector RPL    CPL 

THEN GOTO RETURN-OUTER-PRIVILEGE-LEVEL;
ELSE GOTO RETURN-TO-SAME-PRIVILEGE-LEVEL

FI;
END;

RETURN-TO-SAME-PRIVILEGE-LEVEL: (* PE¡ 1, VM¢ 0 in flags image, RPL£ CPL *)
IF EIP is not within code segment limits THEN #GP(0); FI;
EIP ¤  tempEIP;
CS ¥  tempCS; (* segment descriptor information also loaded *)
EFLAGS (CF, PF, AF, ZF, SF, TF, DF, OF, NT) ¦  tempEFLAGS;
IF OperandSize§ 32

THEN
EFLAGS(RF, AC, ID) ¨  tempEFLAGS;

FI;
IF CPL ©  IOPL

THEN
EFLAGS(IF) ª  tempEFLAGS;

FI;
IF CPL «  0

THEN
EFLAGS(IOPL) ¬  tempEFLAGS;
IF OperandSize 32

THEN EFLAGS(VM, VIF, VIP) ®  tempEFLAGS;
FI;

FI;
END;

RETURN-TO-OUTER-PRIVILGE-LEVEL:
IF OperandSizē 32

THEN
IF top 8 bytes on stack are not within limits THEN #SS(0); FI;

ELSE (* OperandSize° 16 *)
IF top 4 bytes on stack are not within limits THEN #SS(0); FI;



3-359

INSTRUCTION SET REFERENCE

IRET/IRETD—Interrupt Return (Co ntinued)

FI;
Read return segment selector;
IF stack segment selector is null THEN #GP(0); FI;
IF return stack segment selector index is not within its descriptor table limits

THEN #GP(SSselector); FI;
Read segment descriptor pointed to by return segment selector;
IF stack segment selector RPL ±  RPL of the return code segment selector

IF stack segment selector RPL ²  RPL of the return code segment selector
OR the stack segment descriptor does not indicate a a writable data segment;
OR stack segment DPL ³  RPL of the return code segment selector

THEN #GP(SS selector); 
FI;
IF stack segment is not present THEN #SS(SS selector); FI;

IF tempEIP is not within code segment limit THEN #GP(0); FI;
EIP ́  tempEIP;
CS µ  tempCS;
EFLAGS (CF, PF, AF, ZF, SF, TF, DF, OF, NT) ¶  tempEFLAGS;
IF OperandSize· 32

THEN
EFLAGS(RF, AC, ID) ̧  tempEFLAGS;

FI;
IF CPL ¹  IOPL

THEN
EFLAGS(IF) º  tempEFLAGS;

FI;
IF CPL »  0

THEN
EFLAGS(IOPL) ¼  tempEFLAGS;
IF OperandSize½ 32

THEN EFLAGS(VM, VIF, VIP) ¾  tempEFLAGS;
FI;

FI;
CPL ¿  RPL of the return code segment selector;
FOR each of segment register (ES, FS, GS, and DS)

DO;
IF segment register points to data or non-conforming code segment
AND CPL À  segment descriptor DPL (* stored in hidden part of segment register *)

THEN (* segment register invalid *)
SegmentSelector Á  0; (* null segment selector *)

FI;
OD;

END:
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Flags Af fected
Â;Ã�Ã�Ä�Å�ÆQÇ�Ã�È�É�Ê�ÈË�Ì�Ç�Í�Æ�Ã�Ì�Ê
Í�Ë�Ä�Å�ÆQÎ.ÏTÐ.Â;Ñ;Ò%Ó!Æ�É�Í�Ê�Ä�ÆÓÔÈ�Ó!ÆQÕ�Ö�Ä�ÆË�Ä�Í�È�Ã�Ã�×8ØFÖ�Ì�Í�Ç�Í�Æ�Ì�Ù�Ì�Æ�Õ�ÆË�Ì�Í�Ë�É�Ö�Ë�Ä�Å�ÆQØFÖ�Ì�Æ
Ö�ÇÚÖ�Õ�Æ�Ó�È�Ä�Í�Ö�ËFÖ�ÇÚÄ�Å�Æ�Õ�Ó=Ö�ÛÆ�ÊAÊ(Ö�ÓÝÜßÞ�ÇNÕ�ÆÓ=Ç�Ö�Ó=ØFÍ�Ë�ÉFÈàÓ�ÆÄ�á�Ó=ËâÇ�Ó�Ö�ØãÈàË�ÆÊ�Ä�Æ�ÌâÄ�ÈÊAäâÄ�ÖâÈàÕ�Ó!Æ�å�Í�Ö�á�ÊOÄ�ÈÊ(ä+ÙÔÄ�Å�Æ
Î.ÏTÐ.Â;Ñ;Ò�Ó=ÆÉ�Í�Ê�Ä�ÆÓGæ;Í�Ã�Ã�ç�ÆÚØFÖ�Ì+Í�Ç�Í�ÆÌèÈ�ÛÛÖ+Ó�Ì�Í�Ë�É�Ä�ÖOÄ�Å�ÆUÎ.ÏéÐ.Â;Ñ;Ò6Í�Ø%È�É�ÆQÊ�Ä�Ö+Ó!ÆÌ�Í�ËOÄ�Å+ÆÚÕ+Ó�Æ�å�Í�Ö�á�ÊLÄ�ÈÊAäWê ë
ìNíéíUî

Protected Mode Excep tions
ï�ð�ñéò=ó�ô õ!ö
÷�ø�ùèú=ù÷�û�ú=üàý�þ�ÿ�ù�þ�ú��A÷���ý����Aù��	�Fùü�÷
��ù���ù�ý÷�þ�ú���Úü+û������

õ!öÔ÷�ø�ùQú�ù�÷�û+ú!ü���ü	�A÷�ú�û�ý÷���þ�ü���þ	��ü+÷�ùú�����ü�þ+÷�����÷�ø���ü�÷�ø�ùUú=ù÷�û�ú=ü�ýþ�ÿ+ù���ù����Fùü�÷���������÷��
ï+ð;ñéò���ù���ùý�÷�þ�ú=ô õ!ö����ù��	�FùVü+÷��Aù ��ùý�÷�þ�ú��ü+ÿ�ù�!"���Uþ�û�÷��#��ÿ�ù���÷��Uÿ�ù$�(ýú%����÷�þ+úW÷���&	��ù���������÷����

õ!ö
÷�ø�ùèú=ù÷�û�ú=üàýþ�ÿ�ù'�Aù����Fù�ü�÷
�(ù$��ùý�÷�þ�ú)('ñ+*,������ú�ù$�÷�ùú
÷�ø���ü�÷�ø�ù.-�ñ/*'�
õ!öÚ÷�ø�ù10;ñ/* þ�ö2�;ý�þ�ü�ö!þ�ú%�3��ü���4�ý�þ�ÿ�ù��(ù��	�Fù�ü�÷����5��ú!ù$�÷�ù�ú.÷�ø	�üF÷�ø�ù;ú=ù÷�û�ú�üâýþ�ÿ�ù
�(ù$�	�6ù�ü�÷
�(ù$��ùý�÷�þ�ú('ñ/*'�
õ!ö�÷�ø�ù�0;ñ+*/ö=þ�ú6�8ü�þ+ü�ýþ�ü�ö=þ�ú�����ü���4�ý�þ�ÿ�ù��Aù��	�%ùü+÷����'ü�þ�÷Ôù$7�û	�$�Ô÷�þ6÷�ø�ù�(�ñ/*�þ�ö
÷�ø�ùOý�þ�ÿ�ù���ù$���Fùü�÷
��ù���ùý�÷�þ�ú��
õ!ö.÷�ø�ù���÷��ý�����ù����6ù�ü�÷éÿ�ù��Aýú8����÷�þ�ú60;ñ�*,���'ü�þ�÷Tù�7�û��$�é÷�þ%÷�ø+ù�('ñ+*Eþ�ö�÷�ø+ù�ú=ù÷�û�ú�ü
ýþ�ÿ�ù���ù��	�%ùü�÷
��ù���ù�ý÷�þ�ú9�
õ!ö
÷�ø�ù.�A÷��ý��:��ù$���Fùü+÷����Uü+þ�÷
�.�;ú%��÷��$&���ùOÿ��÷��'��ù����Fùü�÷��
õ!öG÷�ø�ù;�A÷��ý��.�Aù��	�Fùü�÷<��ù���ùý�÷�þ�ú�(�ñ/*=���Wü�þ�÷ ù�7�û	�$� ÷�þè÷�ø�ù>('ñ�*âþ�öG÷�ø�ùÚú=ù÷�û�ú�üOý�þ�ÿ�ù
�(ù$�	�6ù�ü�÷
�(ù$��ùý÷�þ�ú��
õ!ö
÷�ø�ù��(ù$�	�%ù�ü�÷Gÿ�ù���ýú�����÷�þ�ú
ö�þ�ú���ý�þ�ÿ�ù'��ù��	�%ù�ü�÷Gÿ�þ�ù$�Úü�þ�÷
��ü�ÿ���ý���÷�ù'��÷
���>��ýþ�ÿ�ù
�(ù$�	�%ùü+÷��
õ!ö
÷�ø�ù.�Aù����6ù�ü�÷
��ù���ùý÷�þ�ú
ö=þ�ú�'?6@/@ ø��$����÷�����þ+ý�����A��	��þ	&��$�
&	��÷
��ù�÷+ö=þ�ú)��þ�ý������
õ!ö��?2@+@B�(ù$�	�%ù�ü�÷Gÿ�ù��(ý�ú�����÷�þ�ú��C��ùý$��ö8��ù��Q÷�ø��÷G÷�ø�ù�?2@+@B���Qü�þ�÷
&�û��CD
õ!ö��?2@+@B�(ù$�	�%ù�ü�÷Gÿ�ù$�(ý�ú�����÷�þ�ú��E��ùý���ö���ù$�U÷�ø���÷G÷�ø�ù'?2@/@=���Qü�þ+÷
��F	��������&	��ù
�

ï�@+@Tò�ó+ô õ�öL÷�ø�ùO÷�þ��:&	D�÷�ù��Uþ�ö�(÷��ý$�:��ú!ùOü+þ�÷
�1��÷�ø	��ü:��÷���ý�����������÷����
ï	G�ñéò%�(ù���ù�ý÷�þ�ú=ô õ�öL÷�ø�ùOú�ù�÷�û�ú�üàý�þ�ÿ�ù�þ�ú��A÷���ý����Aù��	�Fùü�÷
���Uü�þ�÷
��ú=ù���ùü�÷��
ï+ñ+Héò=ö���û���÷�4�ýþ�ÿ+ùô õ!ö��������ù�ö��û	��÷Gþ�ýý�û�ú8���
ï	I1-'ò�ó�ô õ�ö
�üèû�ü���������ü�ù�ÿ'�Fù$�6þ+ú�DOú�ù�ö�ù�ú!ù�ü�ýùUþ�ý�ýû�ú%�)�;ø�ùüO÷�ø�ù>-èñ+*=���)J'��ü�ÿ'�$������ü��Fù�ü�÷

ýø�ù�ý��	��ü	�:���Úù�ü	��&	��ùÿ)�
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Real-Address Mode Exceptions
K	L�M N%O�P�Q�RTS%R�P�U	S%V�W�V�XCP�S%U�Y�P�W�Z�V�[	Z	W�V�P�R�S�W�X6V�Z�P�\�W�P�Q�W�V�P�Q�R]S8R$P�U�S�V�Y�Z�̂�RTXER$_�̀�R�V	P�a�W�̀�W�P�b
K	c+c N%O�P�Q	R�P�Z	[:d�e�P�R�XTZ�OXEP�f$Y�g:f$S�R'V	Z	P
\�W�P�Q	W�V�XCP�f$Y�g�a�W�̀3W�P�X<b

Virtual-8086 Mode Exceptions
h	i�j+k%l	m n%o�p�q�rTs%r�p�t	s%u�v�u�wCp�s�t�x$p�v�y�u�z	y	v�u�p�r$s�v�w6u�y�p�{�v�p�q�v�u�p�q�r]s8r$p�t�s�u�x�y�|�rTwEr$}�~�r�u	p���v�~�v�p��

n%�=n8��j+��u�y�p
r���t����
p�y:�
h	j+�/k8o%�$t	��p��%x�y�|�r�m n%o)��z	��}	r'o%��t	��p
y	x$x�t�s8w��
h	�+��k8l�m n%o�p�q	r�p�y	z:����p�r�wTy�owEp��$x��:�$s�r'u	y	p
{�v�p�q	v�u�wCp��$x�����v�~3v�p�w<�
h	���5k�l	m n�o���u�t�u	����v�}	u	r�|�~3r$~3y�s8��s�r$o8r�s%r$u	x�r�y	x�x$t	s�w,�$u	|��$��v�}	u	~�r�u�p3x$q	r�x$��v�u�}�v�w

r�u	���	��r$|)�
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J �]� —Jump if Condition Is Met

Opcode Inst ructi on Descri ption

77 �C� JA ���$� � Jump short if above (CF � 0 and ZF � 0)

73 �C� JAE �¡ $¢ £ Jump short if above or equal (CF ¤ 0)

72 ¥C¦ JB §�¨$© ª Jump short if below (CF « 1)

76 ¬C JBE ®¡̄$° ± Jump short if below or equal (CF ² 1 or ZF ³ 1)

72 ´Cµ JC ¶�·�¸ ¹ Jump short if carry (CF º 1)

E3 »C¼ JCXZ ½¡¾$¿ À Jump short if CX register is 0

E3 ÁCÂ JECXZ Ã�Ä�Å Æ Jump short if ECX register is 0

74 ÇCÈ JE É�Ê$Ë Ì Jump short if equal (ZF Í 1)

7F ÎÐÏ JG Ñ�Ò�Ó Ô Jump short if greater (ZF Õ 0 and SF Ö OF)

7D ×CØ JGE Ù�Ú�Û Ü Jump short if greater or equal (SF Ý OF)

7C ÞCß JL à�á�â ã Jump short if less (SF ä�å OF)

7E æCç JLE è�é�ê ë Jump short if less or equal (ZF ì 1 or SF í î OF)

76 ïCð JNA ñ�ò�ó ô Jump short if not above (CF õ 1 or ZF ö 1)

72 ÷Cø JNAE ù�ú�û ü Jump short if not above or equal (CF ý 1)

73 þCÿ JNB ��� � � Jump short if not below (CF � 0)

77 ��� JNBE 	�
� � Jump short if not below or equal (CF � 0 and ZF � 0)

73 ��� JNC ���� � Jump short if not carry (CF � 0)

75 ��� JNE ���� � Jump short if not equal (ZF � 0)

7E �� JNG !#"%$ & Jump short if not greater (ZF ' 1 or SF () OF)

7C *�+ JNGE ,#-/. 0 Jump short if not greater or equal (SF 12 OF)

7D 3�4 JNL 5#6%7 8 Jump short if not less (SF 9 OF)

7F :<; JNLE =#>%? @ Jump short if not less or equal (ZF A 0 and SF B OF)

71 C�D JNO E#F%G H Jump short if not overflow (OF I 0)

7B J�K JNP L�MN O Jump short if not parity (PF P 0)

79 Q�R JNS S�TU V Jump short if not sign (SF W 0)

75 X�Y JNZ Z#[%\ ] Jump short if not zero (ZF ^ 0)

70 _�` JO a�bc d Jump short if overflow (OF e 1)

7A f�g JP h�i%j k Jump short if parity (PF l 1)

7A m�n JPE o#p%q r Jump short if parity even (PF s 1)

7B t�u JPO v�wx y Jump short if parity odd (PF z 0)

78 {�| JS }�~%� � Jump short if sign (SF � 1)

74 ��� JZ ���� � Jump short if zero (ZF �  1)

0F 87 ���<����� JA ���%���������%� Jump near if above (CF � 0 and ZF � 0)

0F 83 ���<����� JAE �# %¡#¢�£�¤¦¥§ Jump near if above or equal (CF ¨ 0)

0F 82 ©�ª<«�©�¬ JB �®%¯�°�±�²�³%´ Jump near if below (CF µ 1)

0F 86 ¶�·<¸�¶�¹ JBE º#»%¼#½�¾�¿¦ÀÁ Jump near if below or equal (CF Â 1 or ZF Ã 1)

0F 82 Ä�Å<Æ�Ä�Ç JC È�ÉÊ#ËÍÌ�Î�ÏÐ Jump near if carry (CF Ñ 1)

0F 84 Ò�Ó<Ô�Ò�Õ JE Ö�×%Ø�Ù�Ú�Û�Ü%Ý Jump near if equal (ZF Þ 1)

0F 84 ß�à<á�ß�â JZ ã�äå#æ�çÍèêé%ë Jump near if 0 (ZF ì 1)

0F 8F í�î<ï�í�ð JG ñ�òó#ô�õÍöê÷%ø Jump near if greater (ZF ù 0 and SF ú OF)
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J ûüû —Jum p if Cond ition Is Met (Continued)

Descr ip tion
ýÿþ��������	��þ��
��������
���������������������
������þ��������������	���������	�����êþ��� "!�#"$&%�'(���������)�*����+ ý
!-,�.&!/,�0�!/,/'�!1,�����2
3 !546����2�,�������þ������������7���8�9�*�:��þ��
�);�������������2<���������9+=������2����������4�,�;����=�8���8�>�?�7@A�B�>;:��<��þ��
�����C�����D��������������E
�������<��;B�������=���2<F�G���þ��H2�������������������<��;B��������2�I)$J������2��������������2��H+�K�K�L�MN7O�N�N)P�Q�M�O�R�S�T<U&M�R�V�S�O�Q�V<M�W�N�R*X8Y�Q�Z
R*MP�W[R�P\M�W�T�M�Q�O�R�S<RV�S:Q�P�W�TBM*R�MP�W[]�S�M�W�̂[R*S�N�R�S�T(_8P�Xà1b=_?R�V�S<Q�P�W�TBM*R�M�P�W[M*N�W�PBR�N�O�R�M�N�_8M�S�T�c5R�V�SedaYBfhg\M*N9W�PBR
g�S�X�_�P�X8f�S�T<O�W�T<S�i�S�Q�Y�R*MP�W>Q�P�W�R�M*WBY�S�N?U&M*R�V>R*VBS
MW�N)R*X�Y�Q�R�M�P�W:_�P�j�j�P�U&M�W�̂:R�V�S�k�l�l�m�n�o�p*q8rBs�p*m�t�n�u
v"w�x py�q=z x p6m�n�o�p�q�r�s�p*m�t�n[m�o�o){ x s�m�|�m x�}[~ m�p w y>q x�� y�p�m�� x t�|C|8o x p6��y:o�m�z�n x�} t�|C|8o x p6q x�� y�p�m�� x p�t\p w�x s�r�q�q x n�p
��y � r x t�|ep wBx mn�o)p*q�r�s�p�m�t�n�{�t�m�nBp x q?m�n�p w�xh����� q x z�m�o�p x q���u���q x�� y�pm�� x t�|C|8o x p��=�A���������A���������6�����a���*�����e�* 
¡�¢�£�¢�¤=¥�¦�¦§  �̈ ¢�© ��ª�� ¢�«�¥   ¥H¦¥�¬�¢�¦ � £�¥  )  ¢��¬�¦§�©�®�«�¢�̄/¬�°�±B¥�±B±�²�¢H�¥�©�² � £�¢H©�®�«�¢
¦�¢�³�¢�¦�̄ � ± ��  ¢�£�©�®�«�¢�«&¥   ¥ �� ¡�£B¢�«�̄�́Bµ�¬ � ±�®�¤e¶�·�µ8¬ � ± � �>¢�« � ¥�±�¢>³B¥�¦�°�¢�̄�̧&² � ©�² ��  ¥�«�«�¢�«�±�®[±²�¢ � £   ±*¤8°�©�± � ®�£ ¨ ® � £�±*¢�¤º¹�»�£   ±�¤8°�©�± � ®�£
©�®�« � £�¡ ��  �®   ±B¢ ª=ª�� © � ¢�£�± ª ®�¤5® ªCª8  ¢�±   ® ª�¼�½�¾B¿&À*ÁÃÂ?ÄÆÅ�Ç�È)É�Ê�Ë�Ì�ÍeÎ�ÏBÍ�Ð�Ñ�Ò�ÓBÔ=Õ�Ö�×�Í
Ñ�Ë*Ë�Ð�Ö�Ø�Ù�Ë�ÍHÖ�Õ�Ä�ÚBÛ1Ë*ÌBÍHÙ�ÏBÏ�Í�Ð
Ë�Ü�Î:Ø�Ý�Ë�Í�Õ?Î�Ê6Ë�Ì�Í9Þ"É�ß�Ð�Í�à�Ö*Õ)Ë*Í�Ð6Ñ�Ð8Í�á�â�Í�Ñ�Ð�Í�Ó�ÛBÐ�Í�Õ�ÙBâ*Ë�Ö�Ò�à>Ö�Ò>Ñ9ã�Ñ�ä�Ö�ã�Ù�ãåÖ�Ò�Õ)Ë�Ð�Ù�á�Ë�ÖÎ�Ò:Ï�Î�Ö�Ò�Ë�Í�Ð�Õ�Ö*×�ÍÃÎ�ÊHÄ�Ú
Ø�Ö�Ë*Õ/È

Opcode Instru ct ion Descri ption

0F 8D æ�çéèêæéë JGE ì�í�îðïºñºòêó�ô Jump near if greater or equal (SF õ OF)

0F 8C ö�÷éøêöéù JL úüû�ýüþaÿ������ Jump near if less (SF ��� OF)

0F 8E 	�
��	�� JLE ��������������� Jump near if less or equal (ZF � 1 or SF ��� OF)

0F 86  "!�#� %$ JNA &�'�(�)�*�+�,�- Jump near if not above (CF . 1 or ZF / 1)

0F 82 0"1�2�0%3 JNAE 4�5�6�7�8�9�:�; Jump near if not above or equal (CF < 1)

0F 83 =">�?�=%@ JNB A�B�C�D�E�F�G�H Jump near if not below (CF I 0)

0F 87 J"K�L�J%M JNBE N�O�PRQ�S�T�U�V Jump near if not below or equal (CF W 0 and ZF X 0)

0F 83 Y"Z�[�Y%\ JNC ]_^�`Ra�b�c�d�e Jump near if not carry (CF f 0)

0F 85 g"h�i�g%j JNE k�l�m�n�o�p�q�r Jump near if not equal (ZF s 0)

0F 8E t�uv�t�w JNG x�y�z�{�|�}�~�� Jump near if not greater (ZF � 1 or SF ��� OF)

0F 8C ������� JNGE ��������������� Jump near if not greater or equal (SF ��� OF)

0F 8D ������� JNL �����R��������� Jump near if not less (SF � OF)

0F 8F  �¡¢� �£ JNLE ¤�¥�¦�§�¨�©�ª�« Jump near if not less or equal (ZF ¬ 0 and SF  OF)

0F 81 ®"¯�°�®%± JNO ²�³�´�µ�¶�·�¸�¹ Jump near if not overflow (OF º 0)

0F 8B »�¼½�»�¾ JNP ¿�À�Á�Â�Ã�Ä�Å�Æ Jump near if not parity (PF Ç 0)

0F 89 È"É�Ê�È%Ë JNS Ì�Í�Î�Ï�Ð�Ñ�Ò�Ó Jump near if not sign (SF Ô 0)

0F 85 Õ"Ö�×�Õ%Ø JNZ Ù�Ú�Û�Ü�Ý�Þ�ß�à Jump near if not zero (ZF á 0)

0F 80 â"ã�ä�â%å JO æ�ç�è�é�ê�ë�ì�í Jump near if overflow (OF î 1)

0F 8A ï�ðñ�ï�ò JP ó�ô�õ�ö�÷�ø�ù�ú Jump near if parity (PF û 1)

0F 8A ü�ýþ�ü�ÿ JPE ��� �������	��
 Jump near if parity even (PF � 1)

0F 8B ����	�� JPO �������������� Jump near if parity odd (PF ! 0)

0F 88 "$#&%�"(' JS )+*�,�-�.�/10�2 Jump near if sign (SF 3 1)

0F 84 4$5&6�4(7 JZ 8+9�:�;�<�=1>@? Jump near if 0 (ZF A 1)
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J BCB —Jump if Condition Is Met (C ontinued )

DFEHGCI�JLKHMON�P�N�JOKLQSRTJLUVG�W�I�EYX�Z�ZC[]\L̂�[]_O\L̀1aCb�cT̂edL̀�fÔ�\g̀�\Yh�iÔCj�kYl�m(n�oTp�qOr�p�sOtHuCv�wLx1yLz]{YwO|V}�~L�e}����Lx+��wL{Y}�~O�
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Operation

IF condition
THEN

  EIP $  EIP %  SignExtend(DEST);
IF OperandSize &  16

THEN 
EIP '  EIP AND 0000FFFFH;

FI;
ELSE (* OperandSize (  32 *)

IF EIP )  CS.Base OR EIP *  CS.Limit
#GP

FI;
FI;
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J +,+ —Jum p if Cond ition Is Met (Continued)

Flags Af fected
-/.�0�132

Protected Mode Except ions
4�5/6�798;: <>=�?A@�BDC�=9=FEGBH?3I�BHJAK�LNM�O�PRQ�BTSU?ACVJAEWI;BHX�C�K�SU?A@�BDYAJZPRJA?AE[C�=\?Z@;BN]_^ E�BHL�PRBHK�?�`

Real-Address Mode Exceptions
a�b/c d>egfAh�ikj�eFe9l�iHf
m�iTnZo;p_qsr�tRu;iHvVfAjwnAl,m�iHx;j�o�vwfAh�ikyZnAtRnAfZl,j�ezfZh;iD{_|}l�iHp;t~iTo�f
j;�znZl

j�r;fZlGnAv�i[j�e3fZh;i�iTe�e9iH�TfZnA�;i��Hv;v��>iHl�lgl�u;�H�HiWe9�9j�t��DfAj���������������h�nAl\�Hj�o�v�nAfAnAj�oD�H�Ho
j��T�Hr��\nAe��D�����>m�nAf3�Tv�v��9iTl�l[l�nZ�Ti�j���iH�>�9nAv�iDu��9iTeFnA�~nAl�r�l�iHvg�

Virtual-8086 Mode Exceptions
���T�~�D�H�;�H�T�����Z���;���T�����V�_�H�T 3¡/¢�¢;£9�T���W¤¥��¢;�
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JMP—Jump
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Opcode Inst ructi on Descri ption

EB Ē° JMP ±³²�́ µ Jump short, relative, displacement relative to next instruction

E9 ¶®· JMP ³̧¹�º³»�¼ Jump near, relative, displacement relative to next instruction

E9 ½&¾ JMP ¿³À�Á Â�Ã Jump near, relative, displacement relative to next instruction

FF /4 JMP Ä Å.Æ@Ç�È Jump near, absolute indirect, address given in É Ê.Ë@Ì�Í
FF /4 JMP Î Ï.ÐÑ�Ò Jump near, absolute indirect, address given in Ó Ô.ÕÖ�×
EA ØEÙ JMP Ú9Û ÜNÝ̀ Þ�ß|Ý�Þ Jump far, absolute, address given in operand

EA à�á JMP â9ã äNå̀ æ�ç è�é Jump far, absolute, address given in operand

FF /5 JMP ê@ë�ì�í.ë�ì Jump far, absolute indirect, address given in îAï�ð�ñ"ï`ð
FF /5 JMP ò@ó�ô�õ ö�÷ Jump far, absolute indirect, address given in øAù�ú�û ü�ý
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JMP—Jump (C ontinued)
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Ï�Í�Ó	Ô	Ø�à�Ù<Í�Ô�ÚtÛ�â�á�ã	ä�Ï?Ñ�åwæWç	á�ã	Í�Ï�Ó	Ò	Ñ�Õ�Û�Ô	×rÙmÍ�è�Ñ�ÊvÓ	ÕÜç	á�ã�ä	Ï�Ñ�å�é�ê	á�ã�Í?Ï�Ó�ÒÑ�Õ�Û�Ô�×tÙmÍ�è�Ñ�ÊMÝ�Û�ÕÜÛ�×	×�Õ�Ñ�Ù�ÙHÍ�Ö>Ö4Ñ�×	Í�Û�Ï�ÑSË
ÌëÍ�Ï�ÐtÏ�Ð	ÑuÍ�Ô	×�Í?Õ�Ñ�Þ�ÏSÖTÑ�Ï�Ð�Ó	×	Ø�Ï�Ð	Ñ�Ï�Û�Õ�ÚÑ�Ï�Ó	Ò	Ñ�ÕPÛ�Ô	×tÙmÒ	Ñ�Þ�Í�Ý�Í�Ñ�ÙHÛuÖ>Ñ�Ö>Ó�Õ�ätß�ÓÞ�Û�Ï�Í�Ó	Ô9Ï�Ð	Û�Ï�Þ�Ó	Ô�Ï?Û�Í�Ô�ÙHÛuâ	á�ã�ä	Ï�Ñ
åwæWç�á�ã	Í�ÏuÓ	Ò�Ñ�Õ�Û�Ô	×ìÙmÍ?è�Ñ�ÊcÓ	Õrç�á�ã	ä�Ï�Ñíå�é	ê�á�ãÍ�Ï�Ó	Ò�Ñ�Õ�Û�Ô	×iÙmÍ�è�Ñ�ÊcÝ�Û�ÕrÛ�×�×	Õ�Ñ�Ù�ÙîËvïXÐ	ÑíÝPÛ�ÕrÛ�×	×	Õ�Ñ�Ù�ÙqÍ�Ù>ß�Ó	Û�×	Ñ�×
×	Í�Õ�Ñ�Þ�Ï�ß�ätÍ�Ô	Ï�ÓtÏ�Ð�ÑIð�ñ[Û�Ô�×tòXó�ô[Õ�Ñ�Ú�Í?Ù�Ï�Ñ�Õ�ÙoËwó�ÝvÏ�Ð	Ñ�Ó�Ò	Ñ�Õ�Û�Ô	×	á�Ù�Í�è�Ñ�Û�Ï?Ï�Õ�Í�ã	à	Ï�Ñ�Í�Ù:æWç	Ø�Ï�Ð	Ñ�à	Ò�Ò	Ñ�ÕMÏ�õcÓtã�ä	Ï�Ñ�ÙGÓ	Ý
Ï�Ð	Ñ�òXó�ô]Õ�Ñ�Ú	Í�Ù<Ï�Ñ�ÕvÛ�Õ�ÑIÞ�ß�Ñ�Û�Õ�Ñ�×vË
Far Jumps in Protected Mode. öz÷ø�ùIú�÷	øGû	ü�ý�þ�ø�ÿ<ÿ�ý	ü���ÿ#ý	û	ø�ü���ú��?ù�����ù�ûüPý	ú�ø�þ�ú�ø	��
4ý��ø	��ú�÷	ø�����
��ùÿmú�ü��	þ�ú���ý	ùtþ���ù���ø��ÿ�ø	�4ú�ýtû	ø�ü���ý�ü�
 ú�÷�ø���ý�����ý�����ù��9ú�÷	ü�ø�ø�ú��û	ø�ÿHý�������ü� !��
>û	ÿ#"$ %'&�(	)�*!+�,.-0/�1�(�2�1�34&�1�)�,.5634701�)83�143�9�2�1�3�&�1�)�,.5634702	14:�;=<>;�7�,?;	34/A@
B C'D�E	F�GAH4I.J0K�L�F�M�H4N�L0E=O	E	P�P�N4E	K�QSR
T U'V6W�XZY[XZ\^]�V�_	`8a
b�c `�dfe�gihj]�k�XZV�l�m4_	V�]�n�k0_�W	k�k�n4V�o�dfm4X>d	p�V�n[q�d	l�r�n�l�st]�k�V�d	lvu�q�l�]�w�]�x6d�y�d	u�x6d�w�d	x�r�W	l�zAm4s.q�X{a |
} k~q�l�n�V�d	_�V�d	p�s.n�p�d���V�`�d�q�l�n�_�d	X>XZn�lfW�x�\^W���X�m�X>d�X�V�`�d�XZd	y�s.d�k�V�XZd�x�d	_�V6n4l�q�W	l�V�n�rfV�`�d.r�W	lfW�p�p�l�d	XZX�V�n
W	_�_	d�XZX�V�`�d�_�n�l�l�d�X�q�n�k�p�]�k�y�p�d	XZ_	l�]�q�V�n�l�]�k�V�`�d��^� c n4l���� c a c `�d�p�d�XZ_�l�]�q�V�n�l�V��4q�d b _�n�p�d�X�d	y�s.d�k�V���_�W�x�x
y�W	V�d���V�W�X>Y�y�W	V�d���n�l c���� |8W	k�p0W�_	_�d	X�X�l�]�y�`�V�X�p�d	V�d�l�s.]�k�d�V�`�d�V���q4dfn�r4z!m�s.q[V�n0o�d=q�d�l�r�n�l�s.d	p8a
} r�V�`�d�XZd	x�d�_	V�d	p�p�d	XZ_	l�]�q�V�n�l�]�X�r�n�l8W=_	n�p�d�X�d	y�s.d�k�V���W=r�W�l�z!m�s?q�V6n�W�_�n�p�d=XZd	y�s?d�k�V�W	V�V�`�d=XZW	s.d�q�l�]�w�]�u
x�d	y�d�x�d	w�d�x#]�X8q�d	l�r�n�l�s.d	p�a b } r�V�`�d�XZd�x�d	_�V�d	p�_�n�p�d�XZd	y�s.d	k�V{]�X�W�V#W�p�]�r�r�d�l�d	k�V{q�l�]�w�]�x�d	y4d�x�d	w4d	x#W�k�p�V�`�d�_	n�p�d
XZd�y�s.d	k4V�]�X8k�n�k�u�_	n�k4r�n�l�s.]6k�y���W�y�d�k�d�l�W�x6u�q�l�n4V6d�_�V6]�n�k=d	��_�d�q�V�]6n4kf]�X�y�d�k�d�l�W�V6d�p8a |SU�r�W	l	zAm4s.qfV�n�V�`�d�X>W�s.d
q�l�]�w�]�x�d	y�d�x�d	w�d�x#]�kfq�l�n�V6d�_�V�d�pfs.n�p�d�]6X8w�d�l��=X>]�s?]�x�W	l�V6n�n�k�d�_	W�l�l�]�d	p�n�m�V#]6k�l�d�W	x�u�W	p�p4l�d�X>X8n�lSw�]�l�V�m�W	x�u��������
s?n�p�dSa c `�d�V�W	l�y�d	V[n�q�d�l�W	k�p'XZq�d	_�]�r�]�d�X�W	k�W	o�XZn�x�m�V�d�r�W	ljW�p�p�l�d	XZX�d	]�V�`�d�ljp�]�l�d�_	V�x��'\^]�V�`'W�q�n�]�k�V6d�lb����6�� �¡�¢� 4¡^£�¤#¥8¦�§Z¨�©�ª�«4¬�¯®�°¯±�²�³�±�°�´	µ�¶�·�¸�¹^±�¶�º^»�¼.´�¼?®4°�¸^·�®�µ�»	¶�±�®�²^½�¾^¿�À�Á�¿�À�Â4Ã¯Ä�Å4Æ�Ç�È4É�ÊÌËZÍ�Î�Ï�Ð�Ñ4Ï	Ò�Ó�Ô�Õ�Ö
×ZØ�Ù Ï�Ó�Ú�Ú6Ò Ø�Û�Ü Ú�Ï^Õ�Ï�Ú6Ï�Ò�Ý Ø Ô4Ï × Ú�Î�Ï ×ZØ�Ù Ï^Ð�Þ�Ú�Î�Ï�Ð�Þ�Þ × Ï�Ú�ßáàÌâ.Ð�Ò�ã4ä Û�Ø Ú × Ê Ø Ô.Ú�Î�Ï�Þ�Ó�Ò�Ó�Õ�Õ�Ò�Ï ×Z× Ë	Í�Î�Ï^Ô�Ï�åçæ	Ð4Õ�Ï
× Ï�è�Ý.Ï	Ô4Ú × Ï�é6Ï�æ	Ú�Ð4Ò8Ó�Ô�Õ Ø Ú × Õ�Ï × æ	Ò Ø Ñ�Ú�Ð�Ò�Ó	Ò�Ï�é6Ð4Ó�Õ�Ï�Õ Ø Ô�Ú6Ð?ê�ëìÒ�Ï�è Ø�× Ú�Ï	Òîí4Ó�Ô�Õ�Ú�Î�Ï�Ð�Þ�Þ × Ï�Ú�Þ�Ò�Ð4ÝtÚ6Î4Ï Ø Ô × Ú6Ò Ü æ�ÖÚ Ø Ð�Ô Ø�× é�Ð�Ó�Õ�Ï	Õ Ø Ô�Ú�Ð.Ú�Î�Ï�ï�ð�ñ�Ò�Ï	è Ø�× Ú6Ï�ÒòË	ó�Ð�Ú�Ï^Ú�Î�Ó�Ú¯Ó0æ	Ó�é�é¯è�Ó�Ú�Ï^ß�Õ�Ï × æ�Ò Ø�Û Ï�Õ Ø Ô.Ú�Î�Ï^Ô�Ï�ô�Ú�Ñ�Ó	Ò�Ó	è�Ò�Ó	Ñ�Î4Ê�æ	Ó�ÔÓ	é × Ð Û Ï Ü�× Ï�Õ�Ú�Ð�Ñ�Ï�Ò�Þ�Ð�Ò�ÝõÞ�Ó	Ò8æ	Ó�é�éSÚ�Ð[Ófæ�Ð�Õ�Ï × Ï	è4Ý?Ï�Ô�ÚSÓ	Ú�Ú�Î�Ï × Ó�Ý.ÏfÑ�Ò Ø�ö4Ø é�Ï�è�Ïfé�Ï ö Ï�é!ËÌ÷ ×ZØ Ô�è0Ú�Î Ø�× Ý.Ï�æ	Î�ÖÓ	Ô Ø�× ÝøÑ�Ò�Ð ö�Ø Õ�Ï × Ó�ÔùÏ�ô�Ú6Ò�Ó�é�Ï ö Ï�éfÐ�Þ Ø Ô�Õ Ø Ò�Ï	æ�Ú Ø Ð4ÔiÓ�Ô�Õ Ø�× Ú�Î�Ï~Ñ�Ò�Ï�Þ�Ï	Ò�Ò�Ï�ÕùÝ.Ï�Ú�Î�Ð�ÕùÐ�Þ�Ý.Ó�ú Ø Ô�è�û Ü Ý.Ñ ×
Û Ï�Ú�å^Ï�Ï�Ôüàáâ4Ö Û�Ø Ú�Ó�Ô�Õ0ã4ä�Ö Û4Ø Ú�æ�Ð�Õ�Ï × Ï�è�Ý.Ï�Ô4Ú × Ë
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Operation

IF near jump
THEN IF near relative jump

THEN
tempEIP �  EIP �  DEST; (* EIP is instruction following JMP instruction*)

ELSE (* near absolute jump *)
tempEIP �  DEST;

FI;
IF tempEIP is beyond code segment limit THEN #GP(0); FI;
IF OperandSize �  32

THEN 
EIP �  tempEIP; 

ELSE (* OperandSize� 16 *)
EIP �  tempEIP AND 0000FFFFH;

FI;
FI:

IF far jump AND (PE �  0 OR (PE �  1 AND VM �  1)) (* real-address or virtual-8086 mode *)
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THEN
tempEIP �  DEST[offset); (* DEST is �y� �l X¡�¢ £	¤  or [¥§¦©¨	ª «	¬ ] *)
IF tempEIP is beyond code segment limit THEN #GP(0); FI;
CS   DEST[segment selector); (* DEST is ®]¯ °�±³²�´ µ	¶  or [·§¸©¹	º »�¼ ] *)
IF OperandSize ½  32

THEN
EIP ¾  tempEIP; (* DEST is ¿]À ÁlÂ³Ã�Ä Å�Æ  or [Ç�È³É�Ê Ë	Ì ] *)

ELSE (* OperandSize Í  16 *)
EIP Î  tempEIP AND 0000FFFFH; (* clear upper 16 bits *)

FI;
FI;
IF far jump AND (PE Ï  1 AND VM Ð  0) (* Protected mode, not virtual-8086 mode *)

THEN
IF effective address in the CS, DS, ES, FS, GS, or SS segment is illegal

OR segment selector in target operand null
THEN #GP(0);

FI;
IF segment selector index not within descriptor table limits

THEN #GP(new selector);
FI;
Read type and access rights of segment descriptor;
IF segment type is not a conforming or nonconforming code segment, call gate,

task gate, or TSS THEN #GP(segment selector); FI;
Depending on type and access rights

GO TO CONFORMING-CODE-SEGMENT;
GO TO NONCONFORMING-CODE-SEGMENT;
GO TO CALL-GATE;
GO TO TASK-GATE;
GO TO TASK-STATE-SEGMENT;

ELSE 
#GP(segment selector);

FI;

CONFORMING-CODE-SEGMENT:
IF DPL Ñ  CPL THEN #GP(segment selector); FI;
IF segment not present THEN #NP(segment selector); FI;
tempEIP Ò  DEST[offset);
IF OperandSizeÓ 16 

THEN tempEIP Ô  tempEIP AND 0000FFFFH; 
FI;
IF tempEIP not in code segment limit THEN #GP(0); FI;
CS Õ  DEST[SegmentSelector); (* segment descriptor information also loaded *)
CS(RPL) Ö  CPL
EIP ×  tempEIP;

END;
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NONCONFORMING-CODE-SEGMENT:
IF (RPL Ø  CPL) OR (DPL Ù  CPL) THEN #GP(code segment selector); FI;
IF segment not present THEN #NP(segment selector); FI;
IF instruction pointer outside code segment limit THEN #GP(0); FI;
tempEIP Ú  DEST[offset);
IF OperandSizeÛ 16 

THEN tempEIP Ü  tempEIP AND 0000FFFFH; 
FI;
IF tempEIP not in code segment limit THEN #GP(0); FI;
CS Ý  DEST[SegmentSelector); (* segment descriptor information also loaded *)
CS(RPL) Þ  CPL
EIP ß  tempEIP;

END;

CALL-GATE:
IF call gate DPL à  CPL 

OR call gate DPL á  call gate segment-selector RPL 
THEN #GP(call gate selector); FI;

IF call gate not present THEN #NP(call gate selector); FI;
IF call gate code-segment selector is null THEN #GP(0); FI;
IF call gate code-segment selector index is outside descriptor table limits

THEN #GP(code segment selector); FI;
Read code segment descriptor;
IF code-segment segment descriptor does not indicate a code segment

OR code-segment segment descriptor is conforming and DPL â  CPL
OR code-segment segment descriptor is non-conforming and DPL ã  CPL

THEN #GP(code segment selector); FI;
IF code segment is not present THEN #NP(code-segment selector); FI;
IF instruction pointer is not within code-segment limit THEN #GP(0); FI;
tempEIP ä  DEST[offset);
IF GateSizeå 16 

THEN tempEIP æ  tempEIP AND 0000FFFFH; 
FI;
IF tempEIP not in code segment limit THEN #GP(0); FI;
CS ç  DEST[SegmentSelector); (* segment descriptor information also loaded *)
CS(RPL) è  CPL
EIP é  tempEIP;

END;

TASK-GATE:
IF task gate DPL ê  CPL 

OR task gate DPL ë  task gate segment-selector RPL 
THEN #GP(task gate selector); FI;

IF task gate not present THEN #NP(gate selector); FI;
Read the TSS segment selector in the task-gate descriptor;



3-371

INSTRUCTION SET REFERENCE

JMP—Jump (C ontinued)

IF TSS segment selector local/global bit is set to local
OR index not within GDT limits
OR TSS descriptor specifies that the TSS is busy

THEN #GP(TSS selector); FI;
IF TSS not present THEN #NP(TSS selector); FI;
SWITCH-TASKS to TSS;
IF EIP not within code segment limit THEN #GP(0); FI;

END;

TASK-STATE-SEGMENT:
IF TSS DPL ì  CPL 

OR TSS DPL í  TSS segment-selector RPL 
OR TSS descriptor indicates TSS not available

THEN #GP(TSS selector); FI;
IF TSS is not present THEN #NP(TSS selector); FI;
SWITCH-TASKS to TSS
IF EIP not within code segment limit THEN #GP(0); FI;

END;

Flags Af fected
î)ï�ïñð�ïò�ó�ô'ò�õ�öEò�ð5ð�ö�÷�ø%ö�ù�ú�ðûòEøò�ô7ü.ô!ý)úø÷�þ�ÿ�÷�÷���õ5ô�����ÿ.ð�ïò�ó�ô=ò�õ�öEò�ð ð�ö�÷�øö�ù�úðûò�øò�ô!ü.ô#ý)úø÷�þ�ù�ÿ�ö�ô���ÿ�ø�ÿ�÷�÷���õ	�

Protected Mode Except ions

��������� �����������������! "�$#�%'&����(�*)+��%�#� �,+-�.�#�/$/0&�#��$��-���%�132425�$�76+��8��* +,"�$9��:.��*,+�;����&*<;�� ��

/$�!<=�$�!��>
���3�!9*�?�@��&�<A�� *�4�@��/B�C.��B�+%��$ =�$9��?,����@�$�$ �#��$�$�� =��)*��%�#� �,*-D.�#�/$/4&*#��$��-E�$#��@F=&�#��$��-E�+%
132�2G�!�H +I*/!/	>
����#?<=��<=�+%�8J��)+��%�#� �,J���'����.��$�$K��L#�,�,�%����@�M�$�N�+I��$���$,+�L�$9��?OM2�-EP�2�-4Q32�-ER424-E�+%
��2"�@��&*<=�� ��S/B�!<=�$�	>
���(�$9��TP�24-�Q324-+R42�-���%4��2"%���&+�!���$��%4�$�UI+����,?�$�?#�.�.����@��<A��<=��%�8?#� +,L�$�S.��+ *�!#��$ ��
#7 +I�/$/D�@��&�<=�� +�D����/$��.��$��%V>


�������@��/B��.��$�+%�� ���(�@��&*<=�� ��D�@��/$��.��$��%0�B +,���WL�$�H�+I��$�@�$,+�7,�����.�%��$)��$�+%��!#�6�/$�N/$�!<=�$�$�X>
���Y�!9*�Z����&�<=�� ��",+���@.�%��!)*�!�*%5)+���$ ��$��,[�B�[6�8[�B9+�Z�@�C&*<=�� *�J����/!��.��$��%5�$ [�B9+�
,+���@�!�$ �#��$�!�* \��)*��%�#� �,]�!�^ ��*�_���+%`#a.��� +����%'<=�$ �&�b�.��*,��a����&�<=�� +�!-G ��� �.��* +b
����%�<=�$ �&+b�.���,+�7����&�<=�� +�B-+.�#�/$/D&�#��$��-��$#���F;&+#��B�C-*��%(�B#C��FL���$#��$�7����&*<A�� +�	>
���(�$9��7P��cd���+%�#N ��� �.��+ ����+%�<=�! *&+b�.���,��N�@��&*<=�� +�D�B�� ����D��e*I+#�/D�$�:�$9*�NOT�c
��fg9*�� M *���XI+���! �&N#U.�#�/$/X&*#��$�S> �S���D�$9+��hM�c"���+%D�!9*���@��&*<A�� ��	i j�j@k�l�mAk�n�oXj�k�p$k�q�o$r+s
t j�l�s�k�u�o$k�s0o$v�u�nLoBv+k7wTx�yNz
{�|0o$v�k7}�x4yd|�r�s0u7q�r+n�|�r�s�m t n�l+~�q�r���kNj@k�l�m=k�n*o t jUl�s'k�u�o$k�s�o$v�u�n:o$v�kNw�x(yNz
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JMP—Jump (Cont inued)

�'�U�!�*�?���4�����������:�����$�$�������B�C���$�����+�������$���E�����3�4�d�������A���*�(�*���@�����!���$�����$�N�$���@�
�$�+�����$���H�T�������E�$�����7�B�+���T�4�_�����$�����C���$�$�������$���X�$�����*���+���$�������D� �4��¡ ¢�¢@£�¤+¥=£�¦*§
¢�£�̈!£�©�§$ª�«	¬
'®0§$̄�£T¢@£�¤+¥=£�¦�§S°+£�¢@©�«�±$²+§Bª+«0®'ª�«0¢�£�̈!£�©�§$ª�«4±B¦?³M©�³�̈$̈S¤+³�§B£T°�ª�£�¢ ¦+ª*§S±!¦�°�±$©�³�§$£M±$§S±$¢ ³
©�ª�°�£7¢�£�¤�¥A£�¦�§	¬
'®�§!̄+£L¢�£�¤�¥=£�¦+§(°�£�¢�©�«�±$²�§!ª�« ®'ª*«3§B̄+£?¢@£�¤�¥=£�¦�§4¢@£�̈$£�©�§$ª�«3±B¦=³�§$³�¢@́=¤�³�§$£�°�ª�£�¢T¦+ª�§
±$¦+°�±!©�³�§$£7³�µ�³�±$̈$³�¶�̈$£N·�̧(̧�¬
'®�§$̄�£M¢�£�¤*¥;£�¦�§D¢@£�̈$£�©�§Bª+«�®�ª+«�³N·�̧4̧Ḡ+³�¢U±$§$¢Ü!ª*©�³�̈$¹$¤�̈$ª�¶+³�̈D¶�±$§D¢@£�§*®�ª�«0̈Bª+©�³�̈	¬
'®E³�·3̧4̧;¢@£�¤+¥=£�¦�§+°�£�¢�©�«�±$²�§$ª�«E¢�²*£�©�±$®�±!£�¢�§$̄�³�§�§!̄�£�·3̧�̧A±$¢�¶�º�¢�»¼ª�«E¦+ª�§+³�µ�³�±$̈$³�¶�̈$£D¬

½�̧4̧4¾�¿�À '®�³N¥A£�¥Aª�«�»Lª�²+£�«�³�¦�°L£�®'®�£�©�§$±$µ�£N³�°�°+«�£�¢�¢H±$¢Uª�º+§$¢�±!°�£N§$̄�£Ņ4̧"¢�£�¤�¥=£�¦�§D̈$±$¥=±$§	¬
½�Á?Â"¾�¢�£�̈$£�©�§$ª�«�À '®�§$̄�£M©�ª�°�£7¢�£�¤�¥A£�¦�§D¶�£�±$¦�¤:³�©�©�£�¢�¢�£�°L±$¢U¦�ª�§D²+«�£�¢@£�¦�§	¬

'®�©�³�̈!̈D¤*³�§$£�Ã+§B³�¢@́L¤*³�§$£�Ã�ª�«0·3̧4̧"¦*ª�§D²+«�£�¢@£�¦�§	¬
½*Â�Ä�¾�®�³�º+̈B§!Å�©�ª�°*£�À '®�³7²+³�¤�£7®�³�º�̈$§Dª�©�©�º�«'¢�¬
½�Æ?Ç�¾�¿�À �®�³�̈$±$¤�¦*¥;£�¦�§�©�̄�£�©�́+±$¦�¤�±$¢¼£�¦�³�¶+̈B£�°_³�¦�°_³�¦_º+¦*³�̈$±$¤�¦�£�°_¥A£�¥=ª+«�»�«'£�®�£�«�£�¦�©�£;±B¢

¥A³�°�£AÈ�̄�±$̈$£A§$̄�£;©�º�«�«�£�¦+§3²+«�±!µ*±$̈!£�¤�£Ä!£�µ�£�̈�±!¢?É(¬�¾�Ê�¦*̈!»�ª+©�©�º�«�¢7ÈL̄+£�¦�®�£�§$©�̄�±$¦+¤
§!³�«�¤�£�§D®'«�ª�¥Ë¥=£�¥=ª�«�»*¬ À

Real-Addr ess Mode Exceptions
Ì�Í�Î Ï�Ð ÑLÒ=Ó�Ò;Ô*Õ�ÖJÔ+×*Ó�Õ�Ñ�Ø+ÙJÓ�Ð'Ð'Ó�Ú�Û$ÜBÝ+ÓLÑ�Ù+Ù�Õ�Ó�Þ�ÞNÜ$ÞMÔ+ß*Û!Þ@ÜBÙ+ÓLÛ$à+Ó:á�â4ãEä�â4ãEå3â4ãEæ4â�ã4Ô+Õ

Í�â"Þ@Ó�ç*Ò=Ó�Ø+ÛDè$Ü$ÒAÜBÛ	é
Ï'Ð�ÑLÒ=Ó�ÒAÔ�Õ�ÖJÔ+×�Ó�Õ�Ñ�Ø+ÙJÓ�Ð'Ð�Ó�Ú�Û!ÜBÝ+Ó:Ñ�Ù�Ù�Õ�Ó�Þ@ÞMÜ$ÞMÔ�ß�Û$Þ�ÜBÙ+Ó:Û$à+ÓLá�â(ãEä�â�ãEå3â(ãEæ�â4ã�Ô+Õ
Í�â"Þ@Ó�ç*Ò=Ó�Ø+ÛDè$Ü$ÒAÜBÛ	é

Ì�â4â Ï'Ð�ÑNÒAÓ�ÒAÔ�Õ�ÖLÔ�×+Ó�Õ�Ñ�Ø�ÙLÓ�Ð'Ð�Ó�Ú�Û$Ü$Ý�ÓNÑ�Ù�Ù+Õ�Ó�Þ�ÞHÜ$ÞUÔ�ß+Û$Þ�Ü!Ù�ÓNÛ$à�ÓNâ4â"Þ�Ó�ç�Ò=Ó�Ø�ÛDè$Ü$Ò=Ü$Û	é

Virtual-8086 Mode Exceptions
ê*ë�ì�í�î*ï ð�ñ�ò!ó*ôMòBõ�ö'÷+ô�òDø�ù*ô�ö�õ�ú�û;ü!ýUþ�ô�ÿ+ø�ú�û:ò!ó*ô���ø+û*ôNý@ô�÷��Aô�ú�ò��!ü��=ü$ò$ý��

ð'ñ�õ	�=ô
�Aø�ö�ÿJø+ù�ô�ö�õ�ú+ûJô�ñ'ñ�ô
��ò!ü��+ô:õ�û�û�ö�ô�ý@ýMü$ýMø��ò$ý�üBû+ô:ò$ó+ô	������������������������ø+ö
ë��"ý@ô�÷��=ô�ú+ò��$ü��AüBò��

ê����4í�î�ï ð'ñ�õ��Aô��Aø�ö�ÿLø�ù+ô�ö�õ�ú�ûLô�ñ'ñ�ô
��ò$ü���ôNõ�û�û+ö�ô�ý�ýHü$ýUø�+ò$ý�ü!û�ôNò$ó�ô����"ý�ô�÷��=ô�ú�ò��$ü��=ü$ò��
ê*ì���í�ñ�õ���Bò! "��ø�û*ô�ï ð'ñ�õ7ù+õ�÷�ô7ñ�õ
��$òDø��
���ö'ý#�
ê�$%��í�î�ï ð�ñ�õ
�$ü$÷�ú��;ô�ú�ò&��ó�ô��
'+ü$ú�÷�ü$ý¼ô�ú�õ�þ��Bô�û_õ�ú�û_õ�ú(+ú*õ
�$ü$÷�ú�ô�û(�Aô��=ø+ö�ÿ�ö'ô�ñ�ô�ö�ô�ú���ô;üBý

�Aõ�û�ô�� í")?ú��$ÿ:ø����
*ö�ý+*�ó�ô�úLñ�ô�ò���ó*ü!ú�÷:ò!õ�ö�÷�ô�òDñ�ö�ø��,�=ô-�=ø�ö�ÿ�� ï
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MOV—Move

NOTES: 

* The .0/
1 1 243 , 576
8 8 9#:�; , and <0=�> > ?A@
B  operands specify a simple offset relative to the segment base, where
8, 16, and 32 refer to the size of the data. The address-size attribute of the instruction determines the size
of the offset, either 16 or 32 bits.

** In 32-bit mode, the assembler may insert the 16-bit operand-size prefix with this instruction (see the fol-
lowing “Description” section for further information).

Descr ip tion
C0D�E�F�G
HJI!K�G(H4G
L�D�M�NOD�E�G�PRQ
M�NTSRHUD�V�P"L�G(D�E�G�PWQ�M�N�XYI!DOI�K�G(ZRF!PRHUI�D�E�G
PRQ�M�NTS"N�G�HUI�F�M�Q
I�F�D�MTD�E�G�PWQ
M�N�XA[�\�K�G
H4D�V�P"L�G]D�E�G
PRQ
M�N̂ L�Q
M̂ _�G̀ Q
MaF�bJbJG�N�F�Q�I�G]c�Q
d�V�G
e�f�G�M�G
PRQ
d�g"E�V�PWE�D�H4G]PRG
f�F�H4I!G�Phe�HUG�f�biG�M�IjP"G�f�F�HUI�G
Phe�D�P
bJG�bkD�P"l%d�D�L
Q�I�F�D�MnmoI�K�G0N�G
H4I!F�M�Q�I�F�D�M%PWG
f�F�H4I�G
P�L�Q
M�_�G0Q0f�G
M�G�PWQ�d�g"E�V�PRE�D�HAG0PWG�f�F�HUI�G�P�e#H4G
f�bJG�M�I�PRG
f�F!HAI!G�P�e#D�P
bkG
bkD�PRlTd�D�L�Q
I�F�D�Mn[�p�D�I�KOD�E�G
PRQ�M�N�HJbJV�H4Iq_�G(I�K�G(H4Q�bJG(H4F!r�G�ets%K�F�L�KTL�Q
MO_�G(Qu_�l�I�G
evQus%D�P"N�e+D�PYQ
N�D�V�_�d!G�s�D�PRN�[
\�K�GYwyx�z{F�M�HAI!PRV�L
I�F�D�MkL
Q�M�M�D�I�_�G�V�HAG
NJI�Dkd!D�Q
NkI�K�G�C0|}PWG
f�F!HAI�G
P~[
�%I�I!G�bkE�I�F�M�fkI!DJN�DiHADJP"G�H4V�d�I!H0F�MkQ
M
F�M�c�Q
d�F�N�D�E�L�D�N�G�G���L
G�E�I�F�D�M�S"���%��XA[�\�D�d�D�Q
N�I�K�G�C0|�PWG�f�F�HUI�G
P�e+V�HAG(I�K�G�ZWQ
P%�4w��
eqC��%�&��eqD�P%���t\
F!M�HUI�PWV�L
I�F!D�Mn[

Opcode Instru ct ion Descri ption

88 / � MOV � �h�0�
� ��� Move ���  to � ���0�
89 / � MOV � �h�j����  ����� Move ¡R¢�£  to ¤ ¥h¦j§�¨
89 / © MOV ª «h¬0
®�¯ ª�
® Move °�±
²  to ³ ´�µ7¶
·
8A / ¸ MOV ¹�º
» ¹ ¼�½0º Move ¾ ¿�À7Á  to Â!Ã
8B / Ä MOV ÅRÆÈÇ
É Å ÊhËjÆ�Ç Move Ì ÍhÎjÏ�Ð  to Ñ~Ò�Ó
8B / Ô MOV Õ�Ö�×
Ø Õ ÙhÚ0Ö
× Move Û ÜhÝ0Þ
ß  to à!á
â
8C / ã MOV ä åhæjç�è�é ê�ä!ë
ì ** Move segment register to í îhïjð�ñ
8E / ò MOV ó�ô�õ
ö�÷ ô øúù	û�ü ** Move ý þhÿ����  to segment register

A0 MOV AL, ����� � 	�
 * Move byte at ( ������ ��� � ���� ) to AL

A1 MOV AX, ����� � ����� * Move word at ( ������ !�" " �#��$ ) to AX

A1 MOV EAX, %�&�' ' (�)�* * Move doubleword at ( +�,�-�. /�0 0 +#,�1 ) to EAX

A2 MOV 2�3�4 4 5�6 *,AL Move AL to ( 7�8�9�: ;�< < 7�8�= )
A3 MOV >�?�@ @ A�BDC *,AX Move AX to ( E�F�G�H I�J J E�F�K )
A3 MOV L�M�N N O�P�Q *,EAX Move EAX to ( R�S�T�U V�W W R�S�X )
B0 Y  Z\[ MOV ]\^�_ ` a�a�^ Move b cdc�e  to f\g
B8 h  ikj MOV lkmDn�o p q�qrm�n Move s tdtru�v  to wkxDy
B8 z  {\| MOV }\~���� � ����~�� Move � �d�����  to �\���
C6 / � MOV � ������� � ����� Move � �d���  to � �����
C7 / � MOV � ��������  ¡ ������� Move ¢ £d£r¤�¥  to ¦ §�¨r©�ª
C7 / « MOV ¬ �®�¯�°�± ² ®�®�¯�° Move ³ ´d´�µ�¶  to · ¸�¹�º�»
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MOV—Move (Con tinued)

¼k½¿¾ÁÀÃÂÅÄÆÂ�Ç#¾ÉÈÁÊÃË�¾ÉÈÉÌÆÊdÌÃÍÆÂ�ÎÏË�ÊÃÄÐÈÉÇÑËÒÇ#Â�ÓÆÔÕÂ�ÊÖ¾�ÎÏÂ�ÓÆÈÉÇ#¾ÁÂ�Î¿×ÏØÚÙÜÛ�ÝÞÙßÛ�àßÙÜÛ�áÚÙßÛ�ÌÃÎ¿ÙßÙßâkÛ�¾ÉÀÆÂÒÇãÌÃäÆÎÏå�ÂæÌÖÍÃÂ�ÎkË�ÊÆÄÐÔÕäÖÇ#¾
ç ÂèËêéÆË�ëÉÈÉÄìÇ#Â�ÓÖÔÕÂ�ÊÆ¾dÇ�Â�ëÉÂ�å�¾ÉÌÆÎ�íÜ¼kÊìÍÖÎkÌÆ¾ÉÂ�å�¾ÉÂ�ÄìÔÕÌÆÄÖÂ�ÛæÔÕÌÆéÖÈîÊÖÓìËêÇ#Â�ÓÆÔïÂ�ÊÆ¾ÐÇ#Â�ëÉÂ�å�¾ÉÌÆÎðÈÉÊÆ¾ÉÌìËèÇ#Â�ÓÖÔÕÂ�ÊÃ¾
ÎkÂ�ÓÖÈîÇ#¾ÁÂ�ÎñË�äÆ¾ÉÌÖÔÕË�¾ÁÈÉå�Ë�ëîëÉòÕå�Ë�äÆÇãÂ�Çd¾ÉÀÆÂðÇ#Â�ÓÆÔÕÂóÊÆ¾ôÄÆÂ�Ç#å�ÎkÈÉÍÆ¾ÉÌÆÎÞÈîÊÖ½õÌÆÎõÔÕË�¾ÉÈÉÌÆÊöË�ÇãÇ�ÌÖå�ÈÉË�¾îÂ�ÄÕ÷ÚÈî¾ÉÀÕ¾îÀÖË�¾ÜÇ�Â�ÓÆÔÕÂ�ÊÆ¾
Ç#Â�ëîÂ�å�¾ÉÌÖÎÞ¾îÌ ç ÂÚëîÌÖË�ÄÆÂ�ÄÕÈÉÊÆ¾ÉÌÕ¾ÉÀÖÂðÀÖÈÉÄÆÄÆÂ�ÊÕ×õÇ#ÀÆË�ÄÆÌÆ÷ÚâÞÍÆËóÎk¾ÜÌÆ½Þ¾ÉÀÆÂÚÇ#Â�ÓÖÔÕÂ�ÊÆ¾ßÎõÂ�ÓÆÈÉÇã¾ÉÂ�ÎDí�øùÀÆÈÉëÉÂÚëîÌÖË�ÄÆÈÉÊÆÓÕ¾ÉÀÖÈîÇ
ÈÉÊÆ½kÌÖÎkÔÕË�¾ÉÈÁÌÃÊÖÛ�¾ÉÀÆÂúÇ#Â�ÓÖÔÕÂ�ÊÆ¾ûÇ#Â�ëÉÂ�å�¾îÌÖÎüË�ÊÃÄýÇ#Â�ÓÆÔïÂ�ÊÃ¾ÐÄÃÂ�Ç#å�ÎkÈÁÍÃ¾ÁÌÃÎrÈîÊÖ½kÌÆÎõÔÕË�¾ÉÈÁÌÃÊþÈÉÇÿéÖË�ëÉÈÉÄÆË�¾ÉÂ�Ä ×õÇ#Â�Â ¾ÉÀÆÂ
�������	��
�����������	���������������! �"�����#�$&%	'(��"�)*"����+"	,��.-�"�)0/��1��2������3-��	������)4�� ����	��,�"	-+5��1���6����"�7�8�'9���3:(8�'
"�,�����;<5����=����">)*2�"�/	��5���"�-?)0"	���@"	,��A)*"	��"�/	�����B%
CD,�E�����)*"����@"	,���)*"	��"�/	�����.F1G�����E�"	)3H�H�H�H�I�H�H�H�J�$./��	,� �"4�K���	-�"	-��K,���������"48�LNMPOQLNMPRNL.MS�	,�->7TL@��"�����)U��"	��)
#���������E��@/��	E�)*��,��V�W2�������"�/	������,V"�X�/�"�2�������,Y%[Z���#�"�G�"���M<�	,�;V)0E� �)*"�\�E�"�,��@������"	�@2��+�K�]�1"	5�"���"�,�/�"W�
)0"	���@"	,��̂ #T����)U"_/	���1��"	)*2���,�-���,��̀ )*"����@"	,��a��"	����)U��"��>��)b������-�"	-̀ #T�����9�_,�E����cG�����E�"_/��	E�)0"	)b�_��"�,�"	���	�
2�������"�/	���K��,<"�X�/�"	2�������,<F�d�7Te.$=��,�-<,��b�@"	�+����;?��"	5�"	��"	,�/�">��/	/fE���)S%
:(���	-���,��+�K��"�L.Lg��"	����)0��"��(#������@��hji�kV��,�)0����E�/	�K����,@��,����� �����)[�����N��,���"��1��E�2���)[E�,������N�	5���"	�Q����"�"�X�"	/	E�������,
��53����">,�"	X��l��,�)*����E�/	������,m%	'(����)a��2�"	�1���K����,+�	������#�)4��)0���	/�nb2����K,���"	�3���b �"������	-�"	-+��,����+����"�O3LNeo��"�����)*��"	�
#�����������"a,�"	X��p��,�)0���1E�/	������,�F�hji�kqO(Lme	MPr*s�t�u�v.w�xNy�z�{.s�|	}c~�t����m|	�l���	�������a�������������1�������������	�������*�0�(���a�(�N�
�����0�������	�������<����� � ���c >¡b��� �>� �1�1�K�	� � ���A¡ � � � ��¢<���m£��� �¢�����¤?� ���>�N�  ���¢?¥ �.¦ � � ¤����*� � ��� �
§ ��� �̈ ��© � �1 �������¤̈ �K�̈ ª�«�¬�����c¡@��¢ �  ���¢̈ ¡@��®�����¤̈ ¢� ��� _ � ��̄ ��� �̈  °� � ¤�¡ � ���̂ � � ¤����0� � �± ���¢̈  _¤ � � � �� 	£�¬
©�����©���� � � � ¤����*� � �³²l� ��� ª�«�¬1����Ý�µ�¬�ª�«¶©������ � �U�*�����±¢��¶�����m� ��· ���K� � � ��� ��� � ���c� ���o̧º¹ ¬�����m��© � �1 	��¢�¬1�0��» �
©�� � ����¼<½� >�¾�� � �̄�K� � � ��� ®� �£�� �¿¹�¹�À�Á �̄��� � � � ���a�����U�������	�K������²�����A¡@���0�Â ��0� � ¡@�£ � ���c̄���£�£l����� � ���A���Â���=� ���
�0�K 	��¢� ���¢q������¡Ã���<� ��� �K���U�������	���K���Ä���°��� � ¢q½1����� � ¼� 	¡+©�£ � ²[ÅjÆ�ÇÉÈ � ²4µ�Ê ÁU�=�(��� ©������ � �*�0���?̄?��£�£
� ¼ � �	��� � � � ���>�����0�������	���K���°�	����� � �	�K£�¾	².����=���=̄���£�£=���U�� 	£K£�¾_� �	· ����� �  �� � ¼����� ?�	£�����Ë � § ��� � ¡@���*�= ��*� � ¡@¬
�£ � ���0²P���0����¤�� ��� �����0�K�1������������������¡VÅjÆ�ÇÌÈ � ²P¥(µ�ÊÌ̄���£�£� 	®����K¢�� � ���(����� �	� ¢ � ¢ ¹�¹�À ©�� � ����¼ � § ��� ��� ���
©������ � �*�U��� � ¼ � ����� � �Q� ��� �����0�����������K����̄T��� �  [ª�«�¬������¤ � � � �� �£�¬�©�����©���� � � � ¤����*� � �³²S���l ��&�&�A¡ � �c� �  S�l� �A�+̧�¹
£ �  P�&�³¬B�0��¤����������� 	����������(���.� ��� ¤ � � � �� �£�¬�©�����©���� � � � ¤����0� � �. 	� � � ��� ¢ � �0������ ������������.�U������� � ��© � �� ���¢ � �́�.� ���
� � ¤��K�*� � �(���[ �¢ � �0���K�� ����K���@��© � �� 	��¢�²A� ��� � � �0��£��K����¤+®� 	£�� � ���@� ��� ��̄T� � ��¤ � ¬1����¢ � �(�¾�� � �4���(� ��� � � ¤����0� � �
���c��¡@©�£ � ¡ � ���� 	�������?¢ � © � ��¢ � ��� �&Í ���Y� ���±¦N� ��������¡ÏÎ�²�́���� � £�Ê � ����²� 	��¢ ¦.¹ �� �¡+��£�¾<©������ � �0�0�����*²�� ��� ��̄��
� ��¤ � ¬����1¢ � �4�¾�� � �� 	� � ����£�£ � ¢ḡ���� � » � �����SÐÂ����� �  ��1£K� � �aª�«�¬�����3́�µ�¬�ª�«°©������ � �U�*���1�U²m� ��� ��̄?� � ��¤ � ����¢ � �
�¾�� � �a 	� � ����¢ � ����� � ¢ �

1. Note that in a sequence of instructions that individually delay interrupts past the following instruction, only
the first instruction in the sequence is guaranteed to delay the interrupt, but subsequent interrupt-delaying
instructions may not delay the interrupt. Thus, in the following instruction sequence:
STI
MOV SS, EAX
MOV ESP, EBP
interrupts may be recognized before MOV ESP, EBP executes, because STI also delays interrupts for
one instruction.
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INSTRUCTION SET REFERENCE

MOV—Move (Continued)

Operation

DEST Ñ SRC;
Ò(Ó�Ô	Õ�Ö�×�ØoÔ@Ù0Ú	Ø�Û@Ú	×�Ü(Ý�Ú�Ø�Ö�Ù*Ü�Ú	Ý[Þ�ß�ÖKà�Ú+Ö�×gá�Ý�Ó�Ü�Ú�â	Ü�Ú	ÕgÛ@Ó�Õ�Ú@Ý�Ú�Ù*ã�à�Ü�Ù�Ö�×gÙUá�Ú	â�ÖKÔ	à3â�ß�Ú	â�ä�Ù�Ô	×�ÕoÔ�â	ÜKÖ�Ó�×�Ù*å=Ô�Ù
Õ�Ú	Ù0â	Ý�Ö�æ�Ú	ÕbÖ�×bÜ�ß�Ú�ç�Ó�àKà�Ó�Þ�ÖK×�Ø+à�Ö�Ù*Ü�ÖK×�Ø=èºé(ß�Ú�Ù*Ú�â	ß�Ú�â	ä�ÙcÔ�Ý�Ú�á�Ú�Ý�ç�Ó�Ý�Û+Ú�Õ<Ó�×bÜ�ß�Ú�Ù*Ú�Ø�Û+Ú	×�Ü.Ù*Ú	à�Ú�â	Ü�Ó�Ý=Ô	×�Õ<ÜKß�Ú
Ù0Ú�Ø�Û@Ú	×�ÜÂÕ�Ú	ÙUâ	Ý1ÖKá�Ü�Ó�Ý=Ö�ÜAá�Ó�Ö�×�Ü�ÙcÜ�ÓYè

IF SS is loaded;

THEN
IF segment selector is null 

THEN #GP(0);
FI;
IF segment selector index is outside descriptor table limits 

OR segment selector’s RPL ê  CPL 
OR segment is not a writable data segment
OR DPL ë  CPL

THEN #GP(selector);
FI;
IF segment not marked present 

THEN #SS(selector);
ELSE

SS ì segment selector;
SS í segment descriptor;

FI;
FI;
IF DS, ES, FS, or GS is loaded with non-null selector;
THEN

IF segment selector index is outside descriptor table limits
OR segment is not a data or readable code segment
OR ((segment is a data or nonconforming code segment)

AND (both RPL and CPL î DPL))
THEN #GP(selector);

IF segment not marked present
THEN #NP(selector);

ELSE
SegmentRegister ï segment selector;
SegmentRegister ð segment descriptor;

FI;
FI;
IF DS, ES, FS, or GS is loaded with a null selector;

THEN
SegmentRegister ñ segment selector;
SegmentRegister ò segment descriptor;

FI;
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INSTRUCTION SET REFERENCE

MOV—Move (Con tinued)

Flags Af fected
ó�ô�õ�öÂ÷

Protected Mode Excep tions
ø�ù�ú.û�ü�ý þ1ÿ������������	��
�������	�����������������������	
�����������
��� �!�"#���$�%���	����!	����������&����#�('

þ1ÿ��� 	�)�����%��
*!	����
*�	!����#������!	��
*�
�!��+!#�	!�,-�.�/
����10#�����%���#���1!	�('
þ1ÿ2�������3�	��45�#�	�1�/�1!#�5�	ÿ1ÿ/��&1�*
�6#�����	�	�/�����)
��)�	"	���7
��#���� #��89��:<;��=:<>?��:<@=��:=�#�
ù�������������!#����
��3
��('
þ1ÿ��� 	�);��=:	>A��:	@��=:��#�=ù��������	
����*�1�B&1�#!	����
�!	��+!	"#���$�%���	����!	����������&1���#�('

ø�ù�ú.û/��������&1���#��ý þ1ÿ������	���1!#���������1&����	�B
*!	����C�
*��	"	���7
��	�+�	�1�7&���
��#���#���*�10	�*�+��
*��
����D'
þ1ÿ?�� 	�����E�-�1�	
��������?
��90	�1
�!	�F���#�1�	�����1!#���* 	�������	����!	�=�%�����1&����	�HG I9JLK�MON1P#Q�R�S	T
I7T1U	V3T�P�R$Q�T�I�W�X�Y*Z�R*[#XD\ ]_̂�̀=acb1d-e+f	g�h$e�i	j	b1k�h*g�h�l	e�mL̀=a+n
o-p�h�l	e)q�q�d�e�r#s�]%h*e�d�s�]t	e1s�f#r�k�g�b�u#e�uFb�f#uFh�l	e)]%e1r#v�e�f	h�w	g	s�f	h�e�uFh�g�s�]b
f#g	f	x/y�d/s�h�b�t	k�e+u	b1h*b+]7e1r	v3e�f�hzn
o-p�h�l	e�̂�q�{#|?q�{	}=q={�g	dB~�q�d�e�r	s�]7h�e1dBs�]t	e�s�f#rFk*g#b1u	e1u�b1f	u�h�l#e+]7e1r	v�e�f#h�w	g	s�f	h*e1u
h�g�s�]_f#g	h�b+u#b1h�b�g	d�d�e�b1u	b�t#k�e���g	u	e)]%e�r	v�e�f	h(n
o-p�h�l	e�̂�q�{#|?q�{	}=q={�g	dB~�q�d�e�r	s�]7h�e1dBs�]t	e�s�f#rFk*g#b1u	e1u�b1f	u�h�l#e+]7e1r	v�e�f#h�w	g	s�f	h*e1u
h*g�s�]�bu	b1h�b2g	d$f	g�f#��g�f	p-g�d/v3s�f#r+��g�u#e]�e�r	v�e�f�h*{1t#j	h�t	g�h*l�h�l	e2�L̀�a�b1f	u)h�l#emL̀=a
b�d/e�r	d/e�b1h�e1d�h�l	b1f�h�l#e+̂�̀=a�n

�	q�q��/�	� o-p�b�v3e1v3g	d���g	w#e1d/b1f	u�e�p-p/e��1h�s��	e�b1u	u#d�e�]�]s�]g	j#h�]%s*u	e�h�l	e�q�q�]%e�r	v�e�f	h�k�s�v�s�h(n
��q=q=��]�e�k�e���h�g#d�� o-p�h*l�e9q�q3d/e1r#s�]7h�e�d�s*]?t	e�s�f#r�k�g	b�u�e�u�b�f	u�h�l�e_]�e�r�v�e�f#h�w#g	s�f	h�e�u�h�g�s�]?v3b�d��	e1u�f#g	h

w#d�e�]7e1f	hzn
����̀ o-p�h*l�e)��q�{#|?q={�}=q={�g	dB~�q�d�e�r	s�]7h�e1dBs�]t	e�s�f#rFk*g#b1u	e1u�b1f	u�h�l#e+]7e1r	v�e�f	h$w�g#s�f#h�e�u

h�g�s�]_v3b�d/�	e1u�f	g	h$w	d�e�]�e�f	h(n
��̀=}=��p/b1j#k�h*x/��g	u�e�� o-p�b+w#b�r	e+p/b�j	k�h�g	���1j	d-]�n
�	�.m9�/�	� o/p9b�k�s�r	f�vFe1f	hA�1l	e1���#s�f	r�s�]�e�f	b1t#k�e�u�b�f	u�b1f�j#f�b�k�s�r	f	e1u�v3e1v�g#d/��d-e1p/e1d/e1f	��eFs�]

v3b�u	e+y�l	s�k�e�h�l	e���j	d�d-e1f	h�w	d/s��#s*k�e�r�e�k�e���e�k�s�]�Bn
����� o-p�b�h�h�e�v�w	h�s�]v�b�u#e+h�g�k�g	b�u�h�l	e�mLq�d�e�r�s*]�h�e�d�n

Real-Addr ess Mode Exceptions
�	��� �/�������1�F���/�5�	 	������¡#¢5�1�-�-�1£�¤�¥�¦#���1¢#¢	�/�1§7§�¥�§)�#¨�¤*§�¥�¢#��¤�©#��ª9«�¬<�«�¬<®?«�¬<¯�«=¬��#�

��«�§���°�����¡#¤�±�¥��3¥�¤(²
�	«�« �-�����3�1�3�	�����	 #�1�/�1¡	¢����-�/��£1¤�¥�¦	���1¢	¢#����§7§_¥�§�	¨#¤�§%¥*¢	��¤�©	��«�«�§%��°	����¡	¤�±�¥���¥�¤(²
��³� �-����¤�¤����� 	¤�¥�§����¢#�+¤���±��	��¢�¤�©	��ªL«�����°�¥*§�¤�����²
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INSTRUCTION SET REFERENCE

MOV—Move (Continued)

Virtual-8086 Mode Exceptions
	́µ�¶=·�̧	¹ º/»�¼�½3¾1½3¿	À/Á5¿	Â#¾1À/¼�Ã	Ä�¾�»Å»�¾�Æ�Ç�È�É#¾�¼�Ä#Ä	À�¾�Ê�Ê)È�Ê)¿	Ë	Ç�Ê�È�Ä	¾�Ç�Ì	¾.ÍLÎ�Ï<Ð�Î=Ï=Ñ�Î=Ï<Ò�Î�Ï<¿#À

µ�Î�Ê�¾�Ó�½�¾�Ã	Ç$Ô�È*½�È�Ç(Õ
	́Î=Î�·-̧	¹ º/»B¼�½�¾�½3¿�À/Ö�¿	Â	¾1À-¼�Ã	Ä�¾�»-»/¾�Æ1Ç�È*É	¾�¼1Ä	Ä#À�¾�Ê7Ê_È�Ê¿	Ë#Ç�Ê7È�Ä	¾+Ç�Ì#¾+Î=Î�Ê7¾1Ó	½3¾�Ã	Ç�Ô�È�½�È�Ç(Õ
	́¶=Ò�·-»�¼1Ë	Ô*Ç�×�Æ�¿#Ä�¾�¹ º�»B¼+Â	¼�Ó	¾�»�¼�Ë	Ô*Ç�¿	Æ1Æ�Ë�À-Ê�Õ
	́Ø�ÍL·/̧	¹ º/»_¼�Ô�È�Ó	Ã�½3¾1Ã#Ç?Æ�Ì	¾1Æ�Ù	È�Ã	Ó�È�Ê�¾�Ã	¼1Ú	Ô�¾1ÄÛ¼1Ã	ÄÛ¼1Ã�Ë	Ã	¼�Ô�È�Ó#Ã	¾1ÄÛ½�¾�½�¿	À/Ö�À�¾�»/¾�À�¾�Ã	Æ1¾3È�Ê

½�¼�Ä	¾$Õ
	́Ü�Ð º�»�¼�Ç�Ç�¾�½�Â	Ç�È�Ê½�¼�Ä�¾)Ç�¿�Ô�¿	¼1Ä�Ç�Ì	¾�ÍLÎ�À-¾�Ó�È*Ê�Ç�¾�À(Õ
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INSTRUCTION SET REFERENCE

MOVQ—Move Quadword

Descript ion
ÝLÞ#ß�à*á1â9ã�ä	å	ã1æ#ç�Þ�è/æ3é�è-Þ	êìë*í�á�â�Þ#å	è�î1á�Þ	ß	á�è�ã1ï	æ3ð/â�á�î1Þ	ï#æ3Þ	ß�á�è/ã�ï	æ�ñAë*Þ3ë�í	á�æ	á1â7ë�à�ï#ã1ë*à�Þ#ï3Þ	ß	á1è/ã�ï	æ3ð/é�à�è-â%ë
Þ	ß	á�è�ã�ï	æ#ñHòôóAí�á)â7Þ�å#è�î�á�ã�ï#æ�æ#á�â%ë�à�ï	ã�ë�à�Þ	ï�Þ	ß#á�è�ã�ï	æ	â�î�ã1ï�õ#á�ö÷öOøùë�á�î1í	ï#Þ	ú�Þ	û	ü�è-á1û	à�â�ë�á1è/â7ý�ø�öOöþè/á1û	à�â7ÿ
ë�á�è�â7ý�Þ#è����	ÿ�õ#à�ë	ê�á1ê�Þ#è/ü�ú�Þ�î�ã�ë�à�Þ	ï#â�ò7ó?í�à*â�à�ï	â�ë�è/å�î�ë�à*Þ	ï.î�ã�ï�õ	áLå	â�á�æ�ë�Þ�ê�Þ��#áLã9ä�å	ã�æ	ç�Þ	è�æ�õ	á�ë�ç�á�á1ï�ë*ç�Þ
ö÷ö÷ø ë�á�î1í	ï	Þ#ú�Þ	û	ü�è�á1û	à*â�ë*á1è�â?Þ	è=õ	á1ë�ç�á�á1ï.ã�ï.ö÷ö÷ø ë�á1î�í#ï�Þ	ú*Þ	û	ü�è/á1û	à�â7ë�á�è�ã�ï	æ�ã����#ÿ�õ	à�ë	ê�á�ê�Þ	è/ü�ú�Þ#î1ã�ÿ
ë�à�Þ	ï	ý�Þ	èë�Þ�ê�Þ��#áFæ	ã1ë*ãFõ	á1ë*ç�á1á1ïÛë�ç�ÞÛø�ö÷ö è/á�û�à*â�ë�á1è-â+Þ�èõ	á�ë�ç�á�á1ïÛã1ï�ø�ö÷ö è/á1û	à�â7ë�á1èã1ï	æ�ã����#ÿ�õ	à�ë
ê�á1ê3Þ	è/ü�ú�Þ#î1ã�ë�à�Þ#ïBòHó?í	á+à�ï	â7ë�è/å	î1ë�à�Þ	ï�î1ã�ï	ï#Þ�ë�õ#á+å	â7á1æ�ë�Þ�ë�è-ã1ï	â�é/á1èBæ#ã1ë�ã+õ	á�ë�ç�á1á�ïFê3á�ê�Þ	è/ü�ú�Þ	î�ã1ë�à�Þ	ï#â�ò
� í#á1ï+ë�í#á_â%Þ#å	è�î�áÞ	ß	á�è/ã�ï	æ�à�âAã1ï�ø.öOö è�á�û	à*â%ë*á1è�ý1ë�í	áú�Þ#ç ä	å	ã�æ	ç�Þ	è�æ�à�â�ê�Þ��#á1æ
	%ç�í	á1ï�ë�í	áæ	á�â�ë�à�ï#ã�ë�à�Þ#ï
Þ	ß	á�è�ã�ï	æ�à�â?ã�ï�ø�ö÷ö è/á1û#à�â7ë�á�è�ý�ë�í	á9ä#å	ã1æ	ç�Þ#è�æ�à�âAâ�ë�Þ#è/á1æ+ë�Þ�ë�í	á9ú�Þ#ç ä	å	ã�æ	ç�Þ	è/æ�Þ	é<ë�í#á9è/á1û#à�â7ë�á�è�ý�ã�ï�æ+ë�í	á
í	à�û#íFä	å#ã1æ	ç�Þ	è-æFà�âî�ú�á�ã1è/á1æ�ë�Þ�ã1ú�ú��	âDò

Operation

MOVQ instruction when operating on MMX technology registers and memory locations:
DEST   SRC;

MOVQ instruction when source and destination operands are XMM registers:
DEST[63-0] �  SRC[63-0];

MOVQ instruction when source operand is XMM register and destination
operand is memory location:

DEST �  SRC[63-0];
MOVQ instruction when source operand is memory location and destination
operand is XMM register:

DEST[63-0] �  SRC;
DEST[127-64] �  0000000000000000H;

Flags Af fected
���������

SIMD Floa ting-Point  Exceptions
���������

Opcode Instru cti on Descri ption

0F 6F /r MOVQ � ��!"�#�
$%� &"' Move quadword from ( (*)+(#,"-  to . . .

0F 7F /r MOVQ /#/*01/�2"3"4"/�/ Move quadword from 5 5  to 6 6*7+6#8"9 .
F3 0F 7E MOVQ :<;#;>= , xmm2/m64 Move quadword from ?<@#@ ACB%@ D"@#EGF  to HJI I�K .
66 0F D6 MOVQ L<M#M NPO%M Q"R , S�T TVU Move quadword from WJX�X>Y  to ZJ[�[ \C]%[ "̂[#_G̀ .
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INSTRUCTION SET REFERENCE

MOVQ—Move Quadword (Con tinued)

Protected Mode Except ions
a�b�cedgf�h ikj�lnm�oqp�oGrslntnu�v"lntnw�uVw�x�o"ykv"u�p>tnrzt{uVv|u�w�u�}k~�ygtnlnv"���1o�r�o"����o"u�lC�

igj�v���o"��w�yg��w�x�oGygvGu�p�o"j�jgo"�"lntn��o>v"p�p�ygo"rsr�tnr|w���lnr�tnp�o>lnm�o������������e�������e�e��w�y
b���rso"����o"u�l��1tn��t{lC�

a�����d�f�h igj
v|��oG��w�yg�>w�x�oGy�vGu�p>o"jgj�o"�Gl1tn��oqv"p�p�yko"rsr�tnr�w���l1r�tnp�oqlnm�oq�e��rso"����o"u�l��ntn��tnlC�
a���� ikj�����tnu>�#�#fVtnr�r�o"lC�

 ¢¡�£ }���t{l�w�x�o"ykv"lntnw�u�r*~�t1�{�J��o"u�o"y�vGl{oza��>�¤w�u��1�qt{j�¥��e�e¦����§t{uq�#� ¨qt1r�f*�C��©�oG�"��}
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a��¬� dk�¬�¬¦±l{oG�Gm�u�w��nw����§ygo"��tnrslno"y�w�x�oGygvGlnt{w�u�r�w�u��1��� h²igj�l{m�oGyko³tnr�v´x�oGu�p�tnu��«��ce�
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Real-Address Mode Exceptions 
�̧¹�º »g¼*½G¾�¿VÀ�½GÁgÂ�Ã�¼ÄÂnÅ�Æ²Ã�À�Æ"Ág½G¾�Ç�ÈnÉnÆ"ÊzÃ�Ë�ÂnÊ�ÉnÇ�Æ²Ã�¼*ÂnÅ�Æ²Æ"¼�¼gÆ"ÌGÂnÉnÍ�Æ²½"Ç�Ç�ÁgÆGÊ�ÊzÊsÀ�½"ÌGÆ²¼gÁgÃ�Î

Ï Â{Ã�Ð�ÐeÐeÐ�Ñ�Ò
�̧Ó�Ô »k¼�Õ�Ö�Én¾>×#Ø Ï ÉnÊ�Ê�Æ"ÂCÒ

Ù¢Ú�Û�Ü�Ý É{Â�Ã�À�Æ"Ák½"ÂnÉnÃ�¾�Ê*Þ�É1È{ÈJß�Æ"¾�Æ"Á�½GÂ{Æz̧�Ó>Ô¤Ã�¾�È1¿qÉ{¼�à�áeÐeâ�á�Ø§É{¾q×#Ø ãqÉ1Ê Ï ÒCÕ�ä�ÆGÌ"Ë Ü
ÂnÉ{Ã�¾�Ã�¼ ÙªÚ�Û�ÜkÝ É1Â�Én¾�ÊsÂnÁgË�Ì"Â{ÉnÃ�¾�Ê#Ã�¾�½�¾�Ã�¾ Ü á�áeÕ Ú Ì"½GÀ�½ Ý È{Æ�À�ÁgÃ�ÌGÆ"Ê�Ê�Ã�Á�åkÃ�¾�Æ�ÂnÅ�½"ÂeÉnÊ
Ö«Ö¬âÂnÆ"Ì"Å�¾�Ã�ÈnÃ�ß�¿�Ì"½"À�½ Ý ÈnÆ"æ®Þ�ÉnÈnÈ�ÁkÆ"ÊsË�È{Â
Én¾�ÂnÅ�Æ>Én¾�Ê�Â{ÁkË�Ì"ÂnÉ1Ã�¾�Ã�À�Æ"Ág½"Â1Én¾�ß�Ã�¾�Â1Å�Æ
Î�ÎÁgÆGß�ÉnÊ�ÂnÆGÁgÊsç�¾�Ã�Â�̧�Ó�Ô�Ò

�̧è�Ö »k¼�é�á�Én¾�× Ø Ï É{ÊzÊsÆ"ÂCÒ
�̧Ö¬Ð åkÖ¬Ö¬â±Â{ÆGÌGÅ�¾�Ã�ÈnÃ�ß�¿§ÁgÆ"ß�ÉnÊsÂnÆ"Á�Ã�À�ÆGÁg½GÂnÉ{Ã�¾�Ê�Ã�¾�È1¿�Ò æ²»g¼�Â{Å�ÆGÁkÆ³ÉnÊ�½́ À�ÆG¾�Ç�Én¾�ß«Ð�ºeÓ

Æ"ä�Ì"ÆGÀ�ÂnÉnÃ�¾
Ò

Virtual-8086 Mode Exceptions
êeëGì�íqí"î�ï"íGð�ñ1ò{ó�ô�õ�ëGõ�ò1ôVö#í"ëG÷�ø�ù�ù�úgíGõ�õ�û«ó�ù�í
ü�ý�þeÿ�� ë���÷{ñ��kï"ó�ù�í�� � � ëqð�ë�	�í � ë���÷{ñ�ó�ïGï���ú�õ�

ü ø� ÿ�� � � � ë"÷nò�	�ô�ì�íGô�ñ�ï���íGï���ònô�	³ònõ²í"ô�ë���÷níGù�ëGô�ù�ëGô���ô�ë"÷nò�	�ô�íGù�ì�í"ì�ó�ú��³úkí � í"úkí"ô�ïGí�ònõ

ì�ë"ù�í�
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MOVS/MOVSB/MOVSW/MOVSD—Move Data from String to String

Descr ip tion
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Opcode Inst ructi on Descri ption

A4 MOVS m8, m8 Move byte at address DS:(E)SI to address ES:(E)DI

A5 MOVS m16, m16 Move word at address DS:(E)SI to address ES:(E)DI

A5 MOVS m32, m32 Move doubleword at address DS:(E)SI to address 
ES:(E)DI

A4 MOVSB Move byte at address DS:(E)SI to address ES:(E)DI

A5 MOVSW Move word at address DS:(E)SI to address ES:(E)DI

A5 MOVSD Move doubleword at address DS:(E)SI to address 
ES:(E)DI
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MOVS/MOVSB/MOVSW/MOVSD—Move Data from String to String 
(Continued)

Operation

DEST « SRC;
IF (byte move)

THEN IF DF ¬  0
THEN 

(E)SI  (E)SI ®  1; 
(E)DI ̄ (E)DI °  1; 

ELSE 
(E)SI ±  (E)SI – 1; 
(E)DI ²  (E)DI – 1; 

FI;
ELSE IF (word move)

THEN IF DF ³  0
(E)SI ´ (E)SI µ  2; 
(E)DI ¶ (E)DI ·  2; 

ELSE 
(E)SI ¸  (E)SI – 2; 
(E)DI ¹  (E)DI – 2; 

FI;
ELSE (* doubleword move*)

THEN IF DF º  0
(E)SI » (E)SI ¼  4; 
(E)DI ½ (E)DI ¾  4; 

ELSE 
(E)SI ¿  (E)SI – 4; 
(E)DI À  (E)DI – 4; 

FI;
FI;

Flags Af fected
Á'Â�Ã�ÄUÅ
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MOVS/MOVSB/MOVSW/MOVSD—Move Data from String to String 
(Continued)

Protected Mode Except ions
Æ�Ç'ÈcÉ�Ê�Ë Ì�ÍÏÎ#Ð�Ñ,Ò�Ñ�Ó4Î#Ô#Õ�Ö�Î#Ô#×�Õ_Ô#Ó�Ø5×�Ù�Ö�Î#Ñ�ÒIÔ#Õ_ÖÚÕ�×�Õ�Û�Ü'Ý�Ô�Î#Ö�Þ�Ø�Ñ,Ó
Ñ1ß�à�Ñ�Õ�Îeá

Ì�ÍKÖ:à�Ñ�à�×�Ý�âã×�ä�Ñ1Ý�Ö1Õ�ÒãÑ�Í�Í�Ñ�Ù�Î#Ô#å�Ñ_Ö�Ò�Ò�Ý�Ñ�Ó�ÓmÔ#ÓÚ×�æ�Î#Ó4Ô#Ò�Ñ_Î#Ð�Ñ:çmèHé�ê'èHécëFèHé�ìcècé�×�Ý
Ç'èíÓ�Ñ�ß�à�Ñ�Õ�ÎUØ5Ô�à�Ô#Îîá
Ì�ÍhÎ#Ð�Ñ,ê'èHé�ëFèHé�ìHècé�×�ÝhÇ'èíÝ�Ñ�ß�Ô#Ó�Î�Ñ1ÝhÙ1×�Õ�Î�Ö1Ô5Õ�ÓKÖ,Õ�æ�Ø#ØPÓ�Ñ�ß�àAÑ�Õ�ÎPÓ�Ñ�Ø5Ñ1Ù�Î#×�Ýïá

Æ�èHèÏÉ�Ê�Ë Ì�ÍhÖÚà�Ñ�àA×�Ý�â_×�ä�Ñ1Ý�Ö�Õ�Ò_Ñ�Í�Í�Ñ�Ù1Î5Ô�å�ÑÚÖ1Ò�Ò�Ý�Ñ�Ó�Ó�Ô#Ó�×�æ�Î5Ó
Ô#Ò�Ñ,Î#Ð�Ñ,èHè}Ó
Ñ1ß�àAÑ�Õ�ÎPØ#Ô#à�Ô#Îîá
Æ�ÈHìcÉ�Í�Ö1æ�Ø�Î#Û�Ù�×�Ò�Ñ�Ë Ì�ÍhÖ,ä�Ö�ß�ÑÚÍ�Ö�æ�Ø�ÎP×�Ù1Ù�æ�Ý�Óiá
Æ�ð'çSÉ�Ê�Ë Ì�Í!Ö�Ø#Ô#ß�Õ�àAÑ1Õ�ÎFÙ�Ð�Ñ1Ù�ñ�Ô#Õ�ß}Ô#Ó0Ñ�Õ�Ö1Þ�Ø#Ñ1Ò<Ö1Õ�Ò<Ö1Õ}æ�Õ�Ö�Ø#Ô5ß�Õ�Ñ1Ò<à�Ñ�à�×�Ý�â}Ý�Ñ�Í�Ñ�Ý�Ñ�Õ�Ù1ÑAÔ#Ó

à�Ö�Ò�ÑÚÜ'Ð�Ô#Ø#ÑÚÎ#Ð�ÑÚÙ�æ�Ý�Ý�Ñ�Õ�ÎPä�Ý�Ô#å�Ô5Ø#Ñ�ß�Ñ,Ø�Ñ1å�Ñ�ØPÔ#Ó�òhá

Real-Address Mode Exceptions
ó�ô'õ ö�÷Kø:ù�ú�ù�û�ü�ýãû�þ�ú1ü�ø1ÿ��ãú�÷ ÷�ú������	��úpø��
��ü�ú�����	�mû
���	���	��ú��	��ú�������������������������û�ü

ô�� ��ú�!�ù�ú�ÿ��#"���ù$�	�&%
ó���� ö�÷Ïø,ùAú1ùAû�ü�ý_û�þ�ú�ü�ø1ÿ��_ú�÷�÷�ú'�����	��ú,ø�����ü�ú����(�	��û��
���)�	��ú*�	��ú*���+�
ú'!�ùIú1ÿ��,"	�#ù$�-�&%

Virtual-8086 Mode Exceptions
.�/�0�132�4 57698;:=<':=>�?7@A>�B
<'?78�C�D <�6E63<�F�G�H	I
<�8�D
D�?3<�J�JH	J>�K�G	J�H	D�<;G	L�<�M�N�O�P�N�O�Q9N�O�R�N�O�>
?

/�N J�<�S�:$<�C�G#T�H-:$H	G&U
.�N�N�1V2�4 576W8X:$<�:=>�?7@;>�B�<'?V8�C�D�<�6V67<�F'G�H-I�<X8'D�D
?3<�J)JYH	J(>�K
G�J)H	D�<*G	L
<*N�N+J)<'S�:=<�C�G,T	H	:$H	G&U
.�0�R�1V638'K�T-G	Z3F�>
D�<�4 536W8*B�8�S�<X638�K�T-G,>�F'F�K�?VJ[U
.�\�M�172�4 576Y8�T	H	S�C�:=<'C
G�F�L�<'F�]�H	C�S+H	Ĵ <�C�8'_�T	<'D̀ 8'C�D̀ 8'C+K�C�8�T	H�S
C�<'D̀ :$<�:$>�?7@+?3<�67<�?3<�C�F'<=H	J

:$8�D�<#U
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NOP—No Operation

Descript ion
a�b�c3d7e�c7f$g$h�eie�j�b'cVk'l�m-e
hon�p�q
m	gAm	h
grl-c3s
t'l	m	e�hum	g$kve�h�b�w3x�y
l�b+m�h
grl	c7s
t'l	m	e�hul	q�k�l�l�k'z
b�g$s�j{g)j�k�t'bvm	hul	q�b
m	h�g�l-c3s�t�l	m	e�h;grl	cVb'k�f|x�s
l,}�e�b'g~h
e�l,k�dVd7b�t'l,l	q�b*f�k't�q�m	h�b*t�e�h�l	b���l	�
b'��t�b'j�l,l	q
b*���7a c3b'�
m�g)l	b�c&n
p�q�b����a`m-h�g�l-c3s�t�l	m	e
h�m-g(k'h�k��	m	k�g(f$h�b'f�e�h�m	tXd7e�col	q
bX���������3���7�����
�7�9�7����m	h�g�l	c7s�t�l	m-e�hWn

Flags Af fected
�����
�#�

Exceptions  (All Operating M odes)
�����
�#�

Opcode Inst ructi on Descri ption

90 NOP No operation
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INSTRUCTION SET REFERENCE

NOT—One's Complement Negation

Descr ip tion
���'�V�3���V�$ ¢¡̂ £�¤	¥-¦�¤	 ��̂ §�̈�©u�
ª����7¡'¥	¤	��«=¬V��¡'�®°̄¤	 ¢ ���¥�¥	�=±�²�¡'«
³��'¡�'®�±=¤- ¢ r��¥�¥	�v̄µ́¶��«=¥	®
��³
�' �¥	¤	«�¡'¥	¤-��«
��ª����7¡�«�³̂ ¡�«�³̂  �¥-���7�� ¶¥	®��Y�3�� �·�̧	¥
¤	«̂ ¥	®��Y³��' )¥	¤	«�¡�¥	¤	��«*��ª
�'�7¡'«�³̂ 	̧�
�¡'¥�¤	�
«W¹)©�®��Y³��� �¥	¤	«�¡�¥	¤	��«̂ ��ª
�'�7¡'«�³*'¡�«̂ £
�
¡X�3��º�¤	 �¥-�'�o�
�o¡X�=���$���3»;̧	��'¡�¥	¤	��«�¹
©�®�¤	 ~¤	«� �¥��V·�'¥	¤	��«;'¡�«�£��X·� ���³�¦�¤-¥	®�¡¼�̈�½¾�ª��V�'�7¤	¿�¥	��¡�̧	̧��
¦�¥	®��*¤	«� )¥	�7·��¥�¤	�
«�¥	�;£��*��¿����·�¥	�'³�¡�¥	���=¤	À
�¡�̧	̧�»�¹

Operation

DEST Á  NOT DEST;

Flags Af fected
Â�Ã�Ä�Å,Æ

Protected Mode Except ions
Ç�È�É�Ê7Ë�Ì Í3Î�Ï	Ð�Ñ*Ò
Ñ'Ó�Ï	Ô	Õ�Ö�Ï	Ô	×�Õ;×�Ø
Ñ�Ù3Ö�Õ�Ò;Ø�×�Ô	Õ�Ï-ÓYÏ	×;Ö*Õ�×
Õ�Ú7Û�Ù3Ô	Ï-Ö'Ü�Ý	ÑXÓ�Ñ�Þ�ß=Ñ'Õ�Ï&à

Í7Î~Ö�ß$Ñ�ß$×
Ù7áA×�Ø
Ñ'Ù7Ö'Õ�ÒAÑ�ÎVÎ7Ñ�â�Ï	Ô	ã�Ñ;Ö�Ò�Ò�Ù7Ñ�Ó�ÓÔ	ÓX×
ä�Ï	ÓrÔ	Ò
Ñ;Ï	Ð�Ñ�åæ�ç�è�æ�ç�é�æ�ç�ê�æ�ç�×
Ù
È�æ Ó�Ñ�Þ�ß$Ñ�Õ�Ï#Ý�Ô-ß$Ô	Ï&à
Í7ÎWÏ	Ð�Ñ*è�æ�ç�é�æ�ç�ê�æ�ç�×�ÙWÈ�æ Ù3Ñ�Þ�Ô	Ó�Ï-Ñ'ÙWâ'×�Õ
Ï-Ö'Ô�Õ
Ó~Ö*Õ�ä�Ý	Ý,Ó�Ñ�Þ�ß=Ñ�Õ�Ï,Ó�Ñ�Ý�Ñ'â�Ï	×
Ùëà

Ç�æ�æ�ÊVË�Ì Í7ÎWÖXß$Ñ�ß=×�Ù7á;×�Ø�Ñ'ÙVÖ�Õ�Ò;Ñ�ÎVÎ7Ñ�â'Ï�Ô-ã�ÑXÖ'Ò�Ò
Ù3Ñ�Ó�Ó(Ô	Ó(×�ä
Ï�Ó)Ô	Ò�Ñ*Ï	Ð
Ñ*æ�æ+Ó)Ñ'Þ�ß=Ñ�Õ�Ï,Ý	Ô	ß$Ô	Ï&à
Ç�É�ê�ÊVÎ3Ö'ä�Ý-Ï	Ú3â�×
Ò�Ñ�Ì Í3ÎWÖ*Ø�Ö�Þ�ÑXÎ3Ö�ä�Ý-Ï,×�â'â�ä�ÙVÓ[à
Ç�ì�å�Ê7Ë�Ì Í7ÎYÖ�Ý	Ô	Þ�Õ�ß=Ñ'Õ
Ï�â�Ð�Ñ'â�í�Ô	Õ�Þ+Ô	Ó^Ñ�Õ�Ö'Ü�Ý	Ñ'Ò`Ö'Õ�Ò`Ö'Õ+ä�Õ�Ö�Ý	Ô�Þ
Õ�Ñ'Ò`ß$Ñ�ß$×�Ù7á+Ù3Ñ�Î7Ñ�Ù3Ñ�Õ�â'Ñ=Ô	Ó

ß$Ö�Ò�ÑXÛ�Ð�Ô	Ý	ÑXÏ	Ð�ÑXâ�ä�Ù7Ù3Ñ�Õ
Ï,Ø�Ù7Ô	ã
Ô�Ý	Ñ�Þ
Ñ*Ý-Ñ'ã�Ñ�Ý,Ô	Ó(îWà

Real-Address Mode Exceptions
ï�ð�ñ ò7ó~ô�õ$ö�õ$÷
ø7ùA÷�ú
ö'ø7ô'û�üAö�óEó3ö�ý�þ�ÿ��
ö�ô�ü
ü�ø3ö����ÿ��÷���þ���ÿ	ü
ö�þ���ö	��
����
����
����
���÷
ø

ð�
���ö���õ$ö�û�þ���ÿ-õ$ÿ	þ��
ï�

 ò3ó�ô*õ=ö'õ=÷�ø3ù;÷�ú�ö�øVô'û�ü;ö�ó7óVö'ý�þ�ÿ��
ö*ô�ü�ü
ø3ö����(ÿ��(÷��
þ��)ÿ	ü�ö*þ��
ö�

��)ö ��õ�ö'û�þ!�	ÿ	õ$ÿ-þ��

Opcode Instru ct ion Descri ption

F6 /2 NOT " #%$�& Reverse each bit of ' (%)�*
F7 /2 NOT + ,%-/.�0 Reverse each bit of 1 2%3/4�5
F7 /2 NOT 6 7%8�9�: Reverse each bit of ; <%=�>�?
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INSTRUCTION SET REFERENCE

NOT—One's Compl ement Negation (Con tinued)

Virtual-8086 Mode Exceptions
@�A�B�CED�F GEHJILKNM KPORQESTO�U�M�QVI�W�XTM HYHYM Z�[�\�]�M/I�X�X�QVM�^�^_\�^_O�`R[�^a\�X�M/[cb�MLdfe�g�h	eg�i�e�g�je�gO�Q

A�e�^�M�kRKNM�W�[!l�\�Km\�[�n
@�e�e�CED�F GYHoIpKmM KmO�QVSLO�U�M QEI W�XLM�HYHEM�Z [�\�]�MpI X�X�QVM�^�^q\�^qO�`�[�^r\cX�Mp[�b�Mpe�e�^rM�k�KNM�W�[!l�\�KN\�[�n
@RBjCVHEI ̀�l�[csEZ�O�XRM�F GYHoI�U�I�k�M�HEI�`�l�[!O�Z�Z ̀�QY^tn
@�u	dfCED�F GEHfI�l�\�k�WRKPM W�[vZ b�M Z�w�\�W�kx\�^yM�W�I z�l�M�X�I�W�X�I W�`�WRI�l�\�k�W�M X�KmM KNO�QESxQYM HEM QEM W�Z�MP\�^

KmI�X�M!n



3-537

INSTRUCTION SET REFERENCE

PADDB/PADDW/PADDD—Add Packed Integers

Descr ip tion
{�| }Y~V��}Y�N�J�p���E����� ���	��~�����|��R��� ��| ��������|���| }E��~Y}V��������|��r����}V� |�����| }E� ���	�E��| � �����	����|�}V� ������� ���	����|
��| �a�������������������R|�}E�������E~V�c}V���p����|�}V�����R�E�f���R�����c�R}E| ������|���������| ��������|���| }L}V|��������c���c���c�R|���| �������������c�R�
����| }Y���R�����|�|_ ������}V|f¡�¢V£����	�c��|�¤¦¥p§Ë�©	¤Eª�«�¬��¥p®°̄�±�²�«�¬ ̄�«�³�®°¬�́�µV¶�«�·f̧R®°¬�¹�¬�º ¬��µ¼»�¬ ®�½ ¾!¿�À�Á�Â�À�ÃcÄ�ÅÇÆ�Ã�Â�È�É�Ê
ËEÌRÍvÎ�ÏmÐ�ÑcÑ�Ò�Ó�Ô�ÍYÎ Ô�ÐcÌ�ÏmÌRËvÎyÕ�ÖE×�ØÙÌRÚ�Û ÍYÎ�Ô�Ð�Ì�Ï�Ü�Ý�Þ�Û�ÍVËVÑcÌ�ßàÐ�Ófá�Î�Ï�â�Ñ�Û�âmß�Ð�Ôcámß�ÍVÎ�Ú�Î�ÍVÌ�Ò�Ï�â�ã�Î�Ó�â�Û�Órä�ÍEÐ�å�Û�âmÐ�Ï
ÔcáRÛ�ËEÌ�Ñ�Ñ�Ì�ß�Ð�Ï�æ/Ú�Î�ÍVÎ�æ�ÍEÎ Ú�á�ÓçÜ
è á�Û�Ó�Û	Ð�Ï�Ó�Ô�ÍYÒ�ä Ô�Ð�Ì�Ï�Ó�ä Î�ÏTÌ�ÚRÛ�ÍVÎ�Ô�ÛLÌ�ÏTÛ�Ð�Ô�áRÛ�ÍJé�ê�ëEå�Ð�Ô�Ì�Í�ì�í�î�ëEå�Ð�Ô�Ì�ÚRÛ�ÍVÎ�Ï�â�ÓïÜçð�á�Û ÏNÌ�Ú�Û�ÍEÎ�Ô�Ð�Ï�æTÌ�ÏNéRê�ëYå�Ð�Ô
Ì�Ú�Û ÍYÎ Ï�â�Óaã�ÔcáRÛ�â�Û Ó�ÔcÐ�Ï�Î Ô�ÐcÌRÏ�Ì�Ú�Û ÍYÎ Ï�â	ñmÒ�ÓaÔ�å�Û�Î Ï�×�×�ò�ÔcÛ ä á�Ï�Ì�Ñ�Ì�æ�ó�ÍVÛ æ�ÐcÓ�Ô�Û�Í�Î�Ï�â	Ô�á�Û_Ó�Ì�Ò�ÍVä Û�Ì�Ú�Û ÍVÎ�ÏRâ
ä�Î Ïpå�ÛôÛ�Ð�Ô�á�Û Í�Î�Ïp×õ×�òöÔ�Û�ä á�Ï�Ì�Ñ�Ì�æ�ó�ÍEÛ�æ�Ð�Ó�ÔcÛ Í�Ì�Í!Îôé�ê�ëEå�Ð�ÔïñNÛ ñmÌRÍYóyÑ�Ì�ä�Î Ô�Ð�Ì�Ï�Ü�ð�á�Û Ï�Ì�ÚRÛ�ÍVÎ�Ô�Ð�Ï�æ�Ì�ÏTìÇí�î�ë
å�Ð�ÔÌ�Ú�Û�ÍVÎ�Ï�â�Óaã�Ô�á�Û�â�Û�ÓrÔ�Ð�Ï�Î Ô�Ð�Ì�ÏPÌ�Ú�Û ÍEÎ Ï�âPñNÒ�ÓaÔ�å�Û�Î�Ïmò�×�×÷ÍVÛ�æRÐcÓ�ÔcÛ ÍvÎ�Ï�âmÔ�á�ÛyÓrÌ�Ò�ÍEä ÛyÌ�Ú�Û ÍEÎ�ÏRâPä Î�Ïmå�Û
Û�Ð�Ô�á�Û Í�Î ÏLò�×�×øÍVÛ�æ�Ð�Ó�ÔcÛ Í�Ì�Í�ÎNì¼í�î�ëEå�Ð�Ô!ñmÛ ñNÌ�ÍYóPÑ�Ì�ä�Î Ô�Ð�Ì�Ï�Ü
è á�Û�ù ú�Ø	Ø�û�Ð�Ï�Ó�Ô�ÍEÒRä�Ô�Ð�Ì�ÏLÎ â�â�ÓôÚ�Î ä�ü�Û âLå�óRÔcÛ�Ð�Ï�Ô�Û�æ�Û ÍEÓïÜ¼ð�á�Û�ÏPÎ�ÏLÐ�Ï�â�Ð�Þ�ÐcâRÒ�Î�Ñ!ÍEÛ�ÓrÒ�Ñ�Ô!ÐcÓqÔ�ÌRÌLÑ�Î�ÍYæ�ÛpÔ�Ì/å�Û
ÍEÛ Ú�ÍEÛ�Ó�Û Ï�Ô�Û�âNÐ�ÏNîNå�Ð�Ô�Ó�ýEÌRÞ�Û�ÍVËVÑcÌ�ßLþYã�Ôcá�Û	ÍEÛ ÓaÒRÑ�Ô�Ð�Ó�ß�ÍVÎ�Ú�ÚRÛ�âNÎ�ÍVÌ�ÒRÏ�âNÎ�ÏRâNÔcáRÛ�ÑcÌRßàîNå�Ð�Ô�Ó_Î�ÍYÛ	ß�ÍVÐ�ÔcÔ�Û�ÏNÔ�Ì
ÔcáRÛpâRÛ�Ó�Ô�Ð�Ï�Î ÔcÐ�Ì�Ï/Ì�ÚRÛ�ÍYÎ Ï�â/ýEÔ�á�Î Ô�Ð�Ó�ã�Ô�á�Û�ä�Î�ÍYÍVóPÐcÓqÐ�æ�Ï�Ì�ÍVÛ�â�þ¼Ü
è á�Û	ùïú�Ø�Ø�ðÿÐ�ÏRÓaÔ�ÍEÒRä�Ô�Ð�Ì�ÏTÎ â�â�ÓpÚ�Î�ä�üRÛ�âTß�ÌRÍYâTÐ�Ï�Ô�Û�æRÛ�ÍEÓïÜçð�á�Û�ÏTÎ ÏTÐ�Ï�âRÐcÞ�Ð�â�ÒRÎ�Ñ�ÍEÛ�Ó�Ò�Ñ�Ô�Ð�Ó�Ô�Ì�Ì�ÑcÎ Í æ�Û	Ô�Ì
å�ÛfÍEÛ�Ú�ÍVÛ�Ó�Û�ÏRÔcÛ â�Ð�ÏTì¼éyåRÐcÔ�ÓvýVÌ�Þ�Û ÍEËVÑcÌRß�þEãçÔ�á�ÛfÍEÛ Ó�Ò�Ñ�Ô�Ð�Óvß�ÍVÎ�Ú�Ú�Û�â�Î�ÍEÌ�Ò�Ï�â�Î�Ï�âyÔ�á�ÛfÑ�Ì�ß�ì�é�å�Ð�ÔcÓJÎ�ÍYÛfß�ÍVÐcÔ�Ô�Û�Ï
ÔcÌPÔ�á�Û_âRÛ�ÓrÔ�ÐcÏ�Î�Ô�ÐcÌ�Ï/ÌRÚ�Û�ÍVÎ�Ï�â�Ü
è á�Û�ùïú�Ø�Ø�Ø Ð�Ï�Ó�Ô�ÍYÒ�ä ÔcÐ�ÌRÏ�Î�â�âRÓLÚRÎ�ä�üRÛ�â â�ÌRÒ�å�Ñ�Û�ß�ÌRÍEâ Ð�Ï�Ô�Û æ�Û�ÍVÓçÜ!ð�á�Û Ï�Î�Ï ÐcÏRâ�Ð�Þ�Ð�â�Ò�Î Ñ�ÍVÛ�Ó�Ò�Ñ�ÔqÐcÓPÔ�Ì�Ì
ÑcÎ ÍYæ�ÛLÔ�ÌNå�Û	ÍVÛ Ú�ÍYÛ Ó�Û Ï�Ô�Û�âTÐ�Ï � íTå�Ð�Ô�Ó�ýVÌ�Þ�Û�ÍVËVÑcÌRß�þYã�Ô�á�Û	ÍVÛ Ó�Ò�Ñ�Ô�Ð�Ó�ß	ÍEÎ�ÚRÚ�Û âNÎ�ÍVÌ�Ò�Ï�â�Î�Ï�âTÔ�á�ÛLÑ�Ì�ß � íTå�Ð�Ô�Ó
Î�ÍVÛpß�ÍVÐcÔ�Ô�Û�ÏPÔcÌ/Ô�á�Ûpâ�Û�ÓrÔcÐ�ÏRÎ�Ô�ÐcÌRÏLÌ�Ú�Û�ÍVÎ�Ï�â�Ü
� Ì�Ô�ÛTÔ�á�Î ÔJÔ�á�ÛTùïú�Ø�Ø�û�ãoùïú�Ø�Ø�ð ãvÎ�Ï�â ù ú�ØLØ�Ø Ð�Ï�ÓrÔcÍVÒ�ä�Ô�Ð�Ì�Ï�ÓLä�Î�Ï ÌRÚ�Û�ÍVÎ�Ô�ÛTÌ�Ï Û ÐcÔ�áRÛ�Í�Ò�ÏRÓaÐ�æ�Ï�Û â Ì�Í
ÓrÐcæ�ÏRÛ�â ýYÔ�ß	Ì�� ���	��
�����	
��	�����������	�������������	�	���	���������	 ��"!#�%$'&���()�	*��	!,+-���������"�������.�/�"��0�������������&��
1325476-8)9 !:�	 ����/���	!;���<���������"�	������*��	!>=:����(?�"����@���!A���"�	!>!:BDCFEG����!#�"*��	���3H������	���"�	���"�<��*��"!#=>����(I�"��������J
���������K+��K��=>��(-�"!#�L
�H��/�D�	������!#���D��&��L!:�	�� ��	�A��=M*��	��H��"�A�����"!#�"���	�N���MC

Opcode Instru cti on Descri ption

0F FC /r PADDB OPO'Q"O'OMRSOPT	U Add packed byte integers from VPVXW�V'Y"Z  and ['[ .

66 0F FC /r PADDB \F]']N^`_ \F]']PacbS]N^`a	d Add packed byte integers from e%f'fPg`hSfNicg	j  and k�lPl�m .
0F FD /r PADDW n'nPo	npnMq,npr	s Add packed word integers from t'tMuStPv"w  and x'x .

66 0F FD /r PADDW y�zPz�{c|`y%zpzP}c~SzN{c}	� Add packed word integers from �F�'�P�`�,���`�	�  and ���P��� .
0F FE /r PADDD �P�'�	�'�����p�	� Add packed doubleword integers from �'�M�S�P�"�  and �'� .

66 0F FE /r PADDD �%�'���c�`�%�p�P�c�S�N�c�"� Add packed doubleword integers from �F�'�P�K���.�c�	   
and ¡F¢'¢N£ .
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INSTRUCTION SET REFERENCE

PADDB/PADDW/PADDD—Add P acked Integers (Co ntinued)

Operation

PADDB instruction with 64-bit operands:
DEST[7..0] ¤  DEST[7..0] ¥  SRC[7..0]; 
* repeat add operation for 2nd through 7th byte *;
DEST[63..56] ¦  DEST[63..56] §  SRC[63..56];

PADDB instruction with 128-bit operands:
DEST[7-0] ¨  DEST[7-0] ©  SRC[7-0]; 
* repeat add operation for 2nd through 14th byte *;
DEST[127-120] ª  DEST[111-120] «  SRC[127-120];

PADDW instruction with 64-bit operands:
DEST[15..0] ¬  DEST[15..0]   SRC[15..0];
* repeat add operation for 2nd and 3th word *;
DEST[63..48] ®  DEST[63..48] ̄  SRC[63..48];

PADDW instruction with 128-bit operands:
DEST[15-0]  °  DEST[15-0] ±  SRC[15-0];
* repeat add operation for 2nd through 7th word *;
DEST[127-112] ²  DEST[127-112] ³  SRC[127-112];

PADDD instruction with 64-bit operands:
DEST[31..0] ́  DEST[31..0] µ  SRC[31..0];
DEST[63..32] ¶  DEST[63..32] ·  SRC[63..32];

PADDD instruction with 128-bit operands:
DEST[31-0]  ̧  DEST[31-0]  ¹  SRC[31-0];
* repeat add operation for 2nd and 3th doubleword *;
DEST[127-96] º  DEST[127-96] »  SRC[127-96];

Intel C/C¼5¼  Compiler Intrinsic  Equiv alent s

PADDB __m64 _mm_add_pi8(__m64 m1, __m64 m2)

PADDB __m128i_mm_add_epi8 (__m128ia,__m128ib )

PADDW __m64 _mm_addw_pi16(__m64 m1, __m64 m2)

PADDW __m128i _mm_add_epi16 ( __m128i a, __m128i b)

PADDD __m64 _mm_add_pi32(__m64 m1, __m64 m2)

PADDD __m128i _mm_add_epi32 ( __m128i a, __m128i b)

Flags Af fected
½-¾�¿�ÀÂÁ
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INSTRUCTION SET REFERENCE

PADDB/PADDW/PADDD—Add P acked I ntegers ( Continued)

Protected Mode Except ions
Ã�Ä-Å5Æ>Ç�È É#Ê7ËNÌ�Í"Ì�Î�Ï#ÐÑÎ�Ò�Í"Ï#Ë	Ó�ÔÕÍ	ÊSÊ>Í	ÖØ×�Ù�Ú�Í�Ë	Ô�Ô�Ï>Í	Û/ÛpÙ�ÛpÎ�Ü�×�Û/Ù�Ô�ÍN×�Ý�Í)Þ'ßáàGâ-ß5à5ã7ß5àGäáßáàGÎ�Ï

Ä-ßÕÛ/Í	å�ÌÍ	Ó�×�æ�Ù�ÌÙ�×cç
Æéèëê�ì�í>î�Ù�×5Î�Ò�Í"Ï>Ë	×�Ù�Î�Ó�ÛPÎ�Ó�æ�Ð�ç È3É:Ê3ÌÍ"ÌÎ�Ï>ÐÎ�Ò�Í"Ï#Ë"Ó�ÔÙ�Û'Ó�Î�×5Ë	æ�Ù�å�Ó�Í"Ô�Î�ÓËÕèëï�í#î�Ð�×�Í
î�Î�Ü�Ó�Ô�Ë"Ï>ÐØà�Ï#Í	å�Ë"Ï>Ô�æ�ÍØÛ/ÛAÎ�ÊMÛ/Í"å�ÌÍ	Ó�×ðç

Ã�ß5ß�Æ:Ç�È É#ÊMËñÌÍ"Ì.Î�Ï#ÐNÎ�Ò�Í"Ï:Ë"Ó�ÔNÍ	Ê#Ê:Í	Ö"×�Ù�Ú�ÍLË	Ô�Ô�Ï>Í	Û/ÛAÙ�ÛAÎ�Ü�×�ÛKÙ�Ô�ÍL×�Ý�ÍLßáß<Û/Í	å�Ì�Í	Ó�×Dæ�Ù�ÌÙ�×cç
Ã�ò-â É>Ê�ã3óôÙ�ÓNÞ'õ'Ç�Ù�ÛöÛ÷Í	×cç

èëê�ì�í:î�Ù�×�Î�Ò�Í	Ï>Ë	×�Ù�Î�Ó�Û�ø-Ù�æ�æ%å�Í	Ó�Í	Ï:Ë"×�Í;Ã�òNâùÎ�Ó�æ�ÐLÙ�ÊDú-ßáäáû-ß5õüÙ�ÓLÞ'õPýLÙ�Û�Ç�çcã3þ�Í"Ö	Ü�í
×�Ù�Î�ÓÎ�ÊñèØê�ì�í>î�Ù�×5Ù�Ó�Û/×�Ï#Ü�Ö	×�Ù�Î�Ó�Û'Î�ÓË-Ó�Î�Ó�í>ß5ßáã3ê�Ö	Ë"Ò�Ë	î�æ�Í-Ò�Ï#Î�Ö"Í	ÛKÛ÷Î�Ï3Æ>Î�Ó�Í)×�Ý�Ë	×áÙ�Û
óÿó û ×�Í	Ö	Ý�Ó�Î�æ�Î�å�ÐÕÖ	Ë	Ò�Ë"î�æ�Í	È7ø-Ù�æ�æ�Ï>Í	Û/Ü�æ�×MÙ�ÓÑ×�Ý�ÍNÙ�Ó�Û÷×�Ï>Ü�Ö	×�Ù�Î�ÓÑÎ�Ò�Í	Ï#Ë	×�Ù�Ó�åÕÎ�ÓÑ×�Ý�Í
ÌÌ Ï#Í"å�Ù�ÛK×�Í"Ï#Û/à�Ó�Î�×ÂÃ�ò-âÕç

Ã��-ó É>Ê��3ßÕÙ�Ó.ÞPõ'Ç�Ù�Û;Û/Í	×cç
Ã�ó ä Æ#ï�ý�í>î�Ù�×DÎ�Ò�Í	Ï#Ë	×�Ù�Î�Ó�ÛAÎ�Ó�æ�Ð�ç ÈMÉ#Ê�×�Ý�Í	Ï>ÍLÙ�ÛAËLÒ�Í"Ó�Ô�Ù�Ó�å�þ�ì���äáÅáò�Í"þ�Ö"Í	Ò�×�Ù�Î�Ó�ç
Ã�Å5äáÆ:Ê>Ë"Ü�æ�×�í>Ö	Î�Ô�Í	È É>ÊMËLÒ�Ë	å�ÍñÊ>Ë	Ü�æ�×DÎ�Ö"Ö	Ü�Ï:ÛFç
Ã��-Þ'Æ:Ç�È Æ>ï�ý�í>î�Ù�×ùÎ�Ò�Í"Ï:Ë"×�Ù�Î�Ó�Û Î�Ó�æ�Ð�ç È É#Ê�Ë"æ�Ù�å�Ó�ÌÍ	Ó�×ùÖ	Ý�Í	Ö	��Ù�Ó�å Ù�ÛIÍ	Ó�Ë	î�æ�Í"Ô Ë"Ó�ÔôË"Ó

Ü�Ó�Ë	æ�Ù�å�Ó�Í	Ô ÌÍ"Ì.Î�Ï#Ð Ï>Í	Ê#Í	Ï>Í	Ó�Ö"ÍAÙ�ÛXÌË	Ô�Í;ø Ý�Ù�æ�ÍP×�Ý�Í;Ö	Ü�Ï#Ï#Í	Ó�×�Ò�Ï#Ù�Ú�Ù�æ�Í	å�Í;æ�Í	Ú�Í	æ�Ù�Û�
Mç

Real-Address Mode Exceptions 
���������� ��������������� ��!�"	#%$	�&�&��'�()��'�*&+�, �.-0/213"	13��#�+4��!�"	#%$	'�53�&(6'�����$7*&�&8�'�"	54��'3$9��:��%��+���"

����;�'�5�$	#�+=<�#%"78�$	#�5�*>"=(?(@��/A(?"	8�13"7'��B,
-%/C$	'�+D!�$	#%����/��&E�"F��!�"7#%$	'�54*&�&"7(G��;��&(H�&5�"F��/C�&E�"F"7/0/%"7I	�&�&J�"F$75�5�#%"	(H(G(?!�$7I	"F/%#%��1
�D���LK�K K K�M9,

��N�O -�/�P2QR�&'TS6U6�D�&(V(W"7�X,

�������0��������!�"7#�$7�&�&��'�(CY��>*�*Z8�"7'�"7#0$	��"G��NTO[��'�*>+\��/̂ ]�_ K ̀�_�Ua��'\S6U)b\�>(��C,XP2c�"	I7;��
�&����'3��/d�=���������>���&'�(?�&#%;�I7���&��'�(6��'3$�'���'���_�_ P2�4I7$	!�$7��*�"�!�#%��I	"7(H(W��#2����'�"e�&E�$7� �&(
QfQg̀h�&"7I7E�'���*&��8�+9I7$7!�$	��*&"7�.Y��&*&*�#�"7(?;�*��A�&'i�&E�"T�&'�(W��#�;�I7�&�>��'i��!�"7#%$7�>�&'�89��'i�>E�"
131h#%"	8��&(H�&"	#%(?<�'����j��N�O9,

��k�Q -�/�l2_9�&'LS)U6�D��(G(?"7�X,
��QgK �%:�b��������̂ ��!�"7#%$7�&�&��'�(@��'�*>+�, �A-%/C�&E�"7#�"\��(@$\!�"	'�5��&'�8Dc���mDK � Nn"	c�I	"7!��&�&��'�,
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INSTRUCTION SET REFERENCE

PADDB/PADDW/PADDD—Add P acked Integers (Co ntinued)

Virtual-8086 Mode Exceptions
o p7q3r\r7s�t7r	u�v&w&x�y�zVp	z@w�yL{)r7p	|^}�~�~��0r	z?z@�gx�~�r
��� ���%� p	��|>v��%t7x�~�r	� � x��Apdu�p7��r � p	��|&v��
� }�� �%��� �%��� �%��w&�[x�u�r	�%p	�&w�x�y�zhx�y�|&�j� �n��� p	|>w���y�q3r7y���t7��r7t	��w&y��Rw�zhr	y�p	��|&r7~�p	y�~�p7y

� y�p	|&w���y�r7~Dq3r	q4x����T�%r � r7��r=y�t	rdw&z@q4p	~�r^�
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INSTRUCTION SET REFERENCE

PADDSB/PADDSW—Add Packed Signed Integers wi th Signed 
Saturation

Descr ip tion
� �	�0�����0 3¡G¢d£ ¤�¥g¦n¢	§�§D���C̈>©��\ª�¢	«7¬��	§T¡W&®�̄��7§L&̄�̈&�	®��7�%¡@���0�� °̈&©��\¡H��±��%«7�F��ª��7��¢7̄�§D²�¡H�7«	��̄�§L��ª��	�%¢	̄�§�³
¢7̄�§L̈&©��d§��7¡Ḧ&>̄�¢	̈�>��̄D��ª��	�%¢	̄�§T²%��&�%¡?̈j��ª��7��¢7̄�§�³�́�¢	̄�§T¡Ẅ&���%�	¡@̈&©��dª�¢	«7¬��	§T&̄�̈&�	®��7�A�%�	¡W±�µ&̈>¡V&̄D̈&©��d§��	¡?̈&&̄�¢	¶
�̈>��̄·��ª��	�0¢7̄�§A̧�£��	�º¹ �®�±��%�¼»�¶�½·�̄·̈&©��º¾À¿dÁ%Â�Ã·¾%Ä�Å&Æ	ÇC¿dÈXÉ	Ê�Ë&Å&Æ7É	Å&Ì�ÈXÆºÍ�Î%Ï7Å>Ð)Ñ�ÈBÆºÒeÆ7Ó	Æ7Ç&Î�ÔCÆ7ÈAÕ ÖF×[Ø�Ù�Ú�Ø�Û&Ü
ÝßÞ Û�Ú�à�áTâ3ã0ä�åVæ7ç3è&é�é&ê�ëWì&å0æ7ì>è&ä�çiä�ãVæeí�î�ïfðñä�ò�ó7å�æ7ì�è&ä�ç�ôöõ�÷�ó7å%ã%é&ä�øñè&ë6ù�æ7ç�ú�é�ó	úiø�è�ì&ùië?è&û�ç�ó	úiëHæ	ì�ê�å%æ	ì�è&ä�ç�ü
æ7ë@ú�ó7ë?ý7å�è�þ�ó7úTè>çDì�ù�ódã%ä�é&é�ä�ø�è�ç�ûTò�æ	å%æ	û�å�æ7ò�ù�ëZô
ÿ2ù�ó7ë?óeè&ç�ë?ì>å0ê�ý	ì&è&ä�ç�ë6ý	æ7çiä�ò�ó7å�æ7ì&óTä�çió7è&ì&ù�ó7å������%þ�è&ì�ä�å����
	��%þ�è>ì�ä�ò�ó7å�æ7ç�ú�ëZô�� ù�ó	ç3ä�ò�ó7å%æ7ì&è>ç�ûiä�ç�����0þ�è&ì
ä�ò�ó	å0æ	ç�ú�ëHü�ì�ù�ó6ú�ó	ë?ì�è&ç�æ	ì&è�ä�ç�ä�ò�ó	å0æ	ç�ú��4ê�ëHìjþ�ó6æ	ç�ïgï�� ì�ó	ý	ù�ç�ä�é&ä�û���å�ó	û�è�ë?ì>ó7å�æ7ç�úeì&ù�ó ë?ä�ê�å�ý	ó6ä�ò�ó	å�æ7ç�ú
ý7æ	çdþ�óGó7è&ì&ù�ó	å æ7çdïfï�� ì&ó7ý	ù�ç�ä�é&ä�û��\å%ó7û�è&ë?ì�ó	å ä�å̂ æ����
�%þ�è&ì��3ó��4ä�å��Fé&ä�ý7æ	ì&è>ä�çAô�� ù�ó	ç\ä�ò�ó7å�æ7ì&è&ç�û\ä�ç�����	
�
þ�è&ì�ä�ò�ó7å�æ7ç�ú�ëHüjì>ù�ó�ú�ó7ëWì&è&ç�æ	ì&è&ä�çLä�ò�ó	å%æ	ç�ú��3ê�ëHì þ�ó�æ7ç���ïgï å�ó7û�è�ë?ì�ó	å�æ7ç�ú4ì&ù�óFëWä�ê�å%ý	óFä�ò�ó	å%æ7ç�úLý	æ7ç4þ�ó
ó7è&ì>ù�ó	åAæ	ç���ïgïRå�ó7û�è&ë?ì�ó	åAä�åAæ���
	��%þ�è&ì��4ó��3ä�å��Lé&ä�ý7æ	ì&è&ä�çAô
ÿ2ù�ó� �!�ð�ð�í#" è&ç�ë?ì&å%ê�ý7ì&è�ä�çiæ7ú�ú�ë ò�æ7ý%$�ó	ú9ë?è&û�ç�ó7ú þ
��ì&óDè�ç�ì>ó	û�ó7å�ëöô�� ù�ó	çiæ7ç9è&ç�ú�è�÷�è�ú�ê�æ7éAþ���ì�óDå%ó7ë?ê�é&ìAè&ë
þ�ó%��ä�ç�úLì&ù�ó\å%æ	ç�û�ó\ä�ãCædëWè�û�ç�ó7úLþ���ì&ó\è&ç�ì&ó7û�ó	å'&0ì&ù�æ7ì�è�ë?ü�û�å%ó7æ	ì&ó7åCì�ù�æ7ç�(
)#*nä�åAé&ó	ëHëGì&ù�æ	ç+	
,�*.-%ü�ì&ù�ódëWæ7ì&ê
�
å%æ	ì�ó	úD÷�æ7é&ê�ó\ä�ã/(�)0*nä�å1	�,
*eü�å�ó7ë?ò�ó	ý7ì&è&÷�ó7é2�=ü�è�ë@ø�å�è&ì�ì>ó7çDì�äLì&ù�ó\ú�ó7ë?ì&è>ç�æ7ì&è>ä�çDä�ò�ó7å�æ7ç�úCô
ÿ2ù�ó3 �!�ð�ð�í#� è�ç�ë?ì�å�ê�ý7ì&è&ä�ç�æ	ú�ú�ë.ò�æ7ý�$�ó7ú�ëWè�û�ç�ó7ú�øeä�å%ú�è&ç�ì&ó7û�ó7å0ë ô4� ù�ó7ç�æ7ç�è&ç�ú�è>÷�è�ú�ê�æ	é�ø�ä�å�ú�å%ó7ë?ê�é�ì�è&ë
þ�ó���ä�ç�úDì�ù�ódå%æ7ç�û�ó ä�ã�ædë?è&û�ç�ó	úTø�ä�å0úTè&ç�ì&ó7û�ó7å5&0ì>ù�æ	ì̂ è�ë?ü�û�å%ó7æ	ì>ó7å�ì>ù�æ7ç+(�)0)0)1* ä�åAé�ó	ë?ë.ì>ù�æ	ç�	�,�,�,�*.-%ü�ì>ù�ó
ë?æ	ì�ê�å%æ	ì�ó	úD÷�æ	é>ê�ódä�ã1(�)0)0)1*nä�å/	�,
,�,�*�ü�å�ó7ë?ò�ó7ý7ì&è�÷�ó7é2�=ü�è&ë@øeå0è&ì>ì&ó7çTì&äDì&ù�ó ú�ó	ëHì>è&ç�æ7ì>è&ä�çLä�ò�ó7å�æ7ç�úCô

Operation

PADDSB instruction with 64-bit operands:
DEST[7..0] 6  SaturateToSignedByte(DEST[7..0] 7  SRC (7..0]) ;
* repeat add operation for 2nd through 7th bytes *;
DEST[63..56] 8  SaturateToSignedByte(DEST[63..56] 9  SRC[63..56] );

PADDSB instruction with 128-bit operands:
DEST[7-0] :  SaturateToSignedByte (DEST[7-0] ;  SRC[7-0]);
* repeat add operation for 2nd through 14th bytes *;
DEST[127-120] <  SaturateToSignedByte (DEST[111-120] =  SRC[127-120]);

Opcode Instru cti on Descri ption

0F EC /r PADDSB >?>3@�>?>5AB>3C%D Add packed signed byte integers from E?E5FBE3G�H?I%J�K
E?E  and saturate the results.

66 0F EC /r PADDSB L
M3M+N�O Add packed signed byte integers from PRQ?Q3SUTVQ�W�S%X  
and YRZ3Z+[  saturate the results.

0F ED /r PADDSW \3\?]%\3\'^_\?`�a Add packed signed word integers from b3b/cVb?d%e3f�g%h
b?b and saturate the results.

66 0F ED /r PADDSW i�jkj�l�m�iRj?j?nUo_j�l�n%p Add packed signed word integers from qRr3r?sUt_r+uUs%v  
and wRx3x+y  and saturate the results.
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INSTRUCTION SET REFERENCE

PADDSB/PADDSW—Add Packed Si gned Integers w ith  Signed  
Saturation (C ontinued )

PADDSW instruction with 64-bit operands
DEST[15..0] ¨ SaturateToSignedWord(DEST[15..0] z  SRC[15..0] );

* repeat add operation for 2nd and 7th words *;
DEST[63..48] ¨ SaturateToSignedWord(DEST[63..48] {  SRC[63..48] );

PADDSW instruction with 128-bit operands
DEST[15-0]  |  SaturateToSignedWord (DEST[15-0] }  SRC[15-0]);
* repeat add operation for 2nd through 7th words *;
DEST[127-112] ~  SaturateToSignedWord (DEST[127-112] �  SRC[127-112]);

Intel C/C�0�  Compiler Intrinsic  Equiv alent s

PADDSB __m64 _mm_adds_pi8(__m64 m1, __m64 m2)

PADDSB __m128i _mm_adds_epi8 ( __m128i a, __m128i b)

PADDSW __m64 _mm_adds_pi16(__m64 m1, __m64 m2)

PADDSW __m128i _mm_adds_epi16 ( __m128i a, __m128i b)

Flags Af fected
�.���
���

Protected Mode Excep tions
���.�#����� ����������������������%���%�
�����������%�2�_�
�+�%�
�����%�4�k�2�k�
���2� �_�
�+�¢¡���£3¤#¥§¦�¤0¥§̈©¤1¥§ª0¤#¥0�
�

« ¤¬�4�%���%�
��®2�_���_��̄
�±°�²�³
́�µ��¢�#���
�������2�¢�����3���
®2��̄ �'������%�������������%���%����2�3�����#�%®2�¢��
�%������¶°�·�́�µ
���¢�
µ
��������������¥������������®2�%�4�̧ ���5� �%���%���¹̄

��¤#¤#����� ���/�º���������������
�������������B�����%�2�2�����%���
���%�4���¢�̧ ���
�2�±�2���k�2¡���¤0¤»�4��
��%���§®2�¢��2��̄
��¼.¦ ���/̈©½¾�¢�+£?¿3���¢�̧ �±�%��̄

°�²�³�́�µ��¢�R�
���%���%�2�¢���
�/À.�¢®2®R����
�%���%�2���
¼.¦Á����®¢���_��ÂÃ¤#ª0Ä�¤#¿Å�¢��£?¿3Æ��¢�/�/̄�̈©Ç��%���
́
�¢�2��������°�²
³�́�µ
�2�#�2���4�¢���
���2�2�
���?�
��.�����
́�¤0¤#̈'²���������µ
®_�.�
�����%���4�4�
�©�����
�.�2¡����0�_�
½È½�ÄÉ�2����¡����
®_�
��¬�%�%����µ
®¢���ÊÀ.�2®¢®5���%�4��®2�5�¢�¬�¢¡����¢��� �_�����%�2�2�������
�%���%�2�¢��������2¡��
���Ë���%��2�4�¢�����4¥��
������¼Ã¦¬̄

��Ì.½ ���/Í©¤¬�2�+£?¿?���2�̧ �4���¹̄
��½�ª ��·�Æ�́�µ��2�����
�������2�¢�����Ê���
®¢��̄ �/���5�¢¡��%�����¢�̧ ���
�������2���Ç�³�Î+ª0�#¼Ï�%Ç��%�����2�¢���1̄
���0ª0�������
®_�¢́��%�����%� ���/���
�%������%��®2�����%�������R̄
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INSTRUCTION SET REFERENCE

PADDSB/PADDSW—Add Packed Signed Integers wi th Signed 
Saturat ion  (Continued)

Ð�Ñ.Ò?Ó�Ô�Õ Ó�Ö
×�Ø�Ù
Ú2ÛÝÜ�Þ�ß�à�á�Û_Ú¢Ü
â�ãäÜ�â
å_æ�ç Õéè�êÏá�å2Ú¢ë�â
ìß%â�ÛÝí%î�ß%í�ï�Ú2â�ëðÚ2ãËß%â�á%Ù�å¢ß�ñòá�â�ñ¾á�â
ó â�á%å¢Ú2ë�â�ß%ñÃìß�ì�Ü�à�æÃà�ß%ê�ß%à�ß%â�í�ß̧ Ú2ã'ìá%ñ�ß�ôÃî�Ú2å¢ß3Û2î�ß�í ó à�à�ß%â�Û
Þ�à�Ú2õ�Ú2å2ß%ë�ß�å2ß%õ�ß%å
Ú2ã'ö5ç

Real-Address Mode Exceptions 
÷�ø.ù0ú�û�ü ú�ý�þ�ÿ��������	��
������������������������ ü������������������
������� ����!�����"�#����$���� ������¬ý&%����������

����'��� �����)(����#$���� ��*�)�+�,���-�+�$����#���.�
���/����0
�����"���1��2��3��
��#����� ������#�4��'����5�� ��3���/��2��3�#�����#6����7��3�# � �����5�4�+
��#6�3�������
û0���98"8	8	8":;�

÷�<>= ���@?�AB���DC!E?û0���F�G�#�H�
ý�þ�ÿ�����������
��#���#���������/I>�*���J$��#���#�������÷�<D=K�����*�L���NM>O	8	P>O"EQ���LC!E�RL�*�1û/�H?�S��6#'��
�����������ºý�þ
ÿ������*�"�����+����'�6#���������!�����>��������O"O	?©þ�6#�
��#�����>
�����6�#�5�G���©ú������T��2��#�	���
AUAVPW���#6#2���������$��;6#�#
�������%ü�I>�����@���#�+'����-���X��2��D�����G����'�6#���*���X��
��#���#�*����$;���X�*2��
���W���$����5������+(�������÷�<>=;�

÷�Y>A ���@Z�O;���9C�E?û0���4�+�#�H�
÷�AV8 ú�%�R��������N��
��#���#���������,�����*��� ü-���/��2��#���L���,�L
���� �����$0S�ÿ�[08#ù	<\�S�6�#
��������@�

Virtual-8086 Mode Exceptions
]	̂_9̀L̀#a�b#̀c�d*e�f�g�hF̂hFe*g0i!̀#̂jNk>l�l�m�̀h5h,nUf�l�̀
o�p"q	r�s ̂t�j�d�u�b#f�l�̀#v q f�m-̂Lc�̂#w�̀ s ̂t�j�dHx
o k>y r�z v r�{�| u�}�e�dKf�c�̀m�̂d*e�f�g�hWf�g�j*~�x v�� s ̂j�e�w�g�_�̀#g�dKb#��̀#b��e�g�w�e�h�̀#g�̂#}�j�̀l�̂g�lB̂g

t�g�̂#j�e�w�g�̀#l0_�̀_�f�m�~0m�̀ s ̀m�̀g�b̀�e�h4_�̂#l�̀Nx
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INSTRUCTION SET REFERENCE

POP—Pop a Value from the S tack

Descr ip tion
�����#���,�����L����������������������3�����0���/�����3�5����#�0���0�����L�*����#���*���0�G����#��������0�>�*���9����������5��������������0�����������
�#���������#�������#���#���#�����@�����,�5�*��)�������������#�H�H�����F���#�G�������#����������������������#�L�����, �����#���#�*¡������������+�,��� ����G���#�*¢
���������£9�����#��*������¢����/�+�# ����#���N���# ����+����¤�
�����3�#��������+�+¡��+��¥�>�#�������������*�3���1�����3�+���#����5� �������"���������������#�������3�G���#��9�����������#���5��¥�>¦G§©̈������������1ª�«
�������G¬®�̄�°!±5²�³�́�µ°!¶·�·�́�°±G±�±5̧*¹#°º�»¼¶½�·T�̄�°!²�¾�°́�¶#½�·�¿�±+̧�¹°!¶#��́�̧�À�³��°!²�Á	�̄�°�µ#³�́�́�°½��µ²�·�°!±G°#Â�Ã�°#½��·�°#�°́�¿
Ã�̧�½�°#±L�̄�°D¶Ã�²�³�½�/�̄�°9±5�¶#µÄÅ¾�²�̧�½��°́,̧�±3̧�½�µ́�°Ã�°#½�*°·;Æ�ÇÅÀ�È�*°)±3²�́4É;À�È��°±5º©ÊJË	²�́4°Ì�¶#Ã�¾�Í�°»"̧*ÁF�̄�°±5°
¶#·�·�́�°#±G±5¿>¶½�·U²�¾�°#́�¶#½�·�¿�±5̧�¹#°Î¶��́�̧�À�³��°#±�¶́�°ÎÏ�Ç�»,�̄�°ÎÏ�Ç�¿�À�̧�!Ð�Ñ	ÒÓ́�°#Â�̧�±+�°́3Æ�±5�¶µ#ÄV¾�²�̧�½��°#́�º>̧�±9̧�½�µ́�°¿
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b0x ̀)~�̀�_+m�g�b�c�e��"g�d�a�o�b�c0d e"d �5b�x�̀�t�̀�t�d�~�uRhK~�c�b0̀�c�_(v�~2d a�̀�_+_'d�~2r1�1o�t�c�g�u�r1_+v�̀�a�c��2c�a j

Opcode Instru ct ion Descri ption

8F /0 POP r/ ¡/¢�£ Pop top of stack into ¤"¥�¦ ; increment stack pointer

8F /0 POP r/ §�¨�© Pop top of stack into ªJ«�¬ ; increment stack pointer

58   ®°¯ POP ±�²�³ Pop top of stack into ´�µ�¶ ; increment stack pointer

58 ·  ¸0¹ POP º¼»�½ Pop top of stack into ¾¼¿�À ; increment stack pointer

1F POP DS Pop top of stack into DS; increment stack pointer

07 POP ES Pop top of stack into ES; increment stack pointer

17 POP SS Pop top of stack into SS; increment stack pointer

0F A1 POP FS Pop top of stack into FS; increment stack pointer

0F A9 POP GS Pop top of stack into GS; increment stack pointer
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INSTRUCTION SET REFERENCE

POP—Pop a Value from the S tack (Continued)

Á@Â�Ã�ÄAÅ#Ä�Æ�ÇAÄ�È�É�Ê�Ë�Ì1Í�Î�Ë�È�Ï�É/È�É�Î�Ì1Ã�ÐIÃ�É�Ë�Ê(Ë0Â�Ã�Ê+Ë�Ñ�Î�Ò/Ó�Ï�È�É�Ë�Ã�Ì5Ô1Æ@ÇAÄAÕ5Ö�Ã�×�Ï�Ì1Ã�Ø�Ñ�Ë�Ñ�Ñ�Ë�Ë�Â�Ã�Ï�Ù�Ø/Ë�Ï�Ó/Ï�×5Ê+Ë0Ñ�Î�Ò
È�Ê(ÚPÌ2È�Ë�Ë0Ã�É"È�É�Ë�Ï/Ë�Â�Ã)Ø Ã�Ê+Ë�È�É�Ñ�Ë�È�Ï�É5Û
Ü Ä>Å#Ä�Ç>Ç�È�É�Ê+Ë�Ì1Í Î�Ë0È�Ï É�È0É Â�È�Ö�È�Ë0Ê8Ñ�Ù�ÙAÈ�É�Ë�Ã�Ì�Ì2Í Ó�Ë�Ê�ÝQÈ�É�Î�Ù�Í�Ø È0É Þ�Ë�Â�ÃPß#àGá�È�É�Ë�Ã�Ì2Ì�Í�Ó�Ë�Ý�Í�É�Ë�È�ÙAÑ�×2Ë�Ã�Ì@Ã�â�Ã�Î�Í�Ë�È�Ï�É
Ï ×AË�Â�Ã)É�Ã�â Ë È�É�Ê+Ë0Ì�Í�Î�Ë�È�Ï�É5ÛkÁ@Â�È�Ê�Ñ�Î�Ë0È�Ï�É"Ñ�Ù�Ù0Ï�Ú"Ê�Ê�Ã�ã�Í�Ã�É�Ë�È0Ñ�Ù Ã�â�Ã�Î�Í Ë0È�Ï�É"Ï�×3Ä>Å"Ä�Ç>Ç�Ñ�É�Ø"àMÅ#äåÆ@ÇAÄ�Ý�Æ@æ�Ä
È�É�Ê+Ë�Ì1Í Î�Ë�È0Ï É�Ê�Ú"È0Ë�Â�Ï Í�Ë9Ë0Â�Ã8Ø�Ñ�É�Þ�Ã�Ì3Ï�×3Â�Ñ�ç È0É�Þ"Ñ�ÉPÈ�É�ç�Ñ�Ù�È�ØPÊ+Ë0Ñ�Î�Ò"Ø�Í Ì1È�É�ÞPÑ�ÉPÈ�É�Ë�Ã�Ì1Ì�Í�Ó Ë2è�é�ê#ë�ì#í�î�í�ï�ð�ñ ò�í)ë�ó
ô�õ í�ö@÷>÷�ø0ù ò ô ï�ñ�ú ô ø�ë�ù/ø0ò ô�õ í)û ï2í�ó1í�ï�ï�í�ü"ý�í ô0õ ë�üRë�ó<þ0ë ÿ�ü�ø�ù�� ô0õ í8÷3÷�ÿ�ù�ü��@÷���ï�í���ø�ò ô í�ï1ò:é

Operation

IF StackAddrSize �  32
THEN

IF OperandSize �  32
THEN

DEST 	  SS:ESP; (* copy a doubleword *)
ESP 
  ESP �  4;

ELSE (* OperandSize �  16*)
DEST   SS:ESP; (* copy a word *)

ESP �  ESP �  2;
FI;

ELSE (* StackAddrSize �  16* )
IF OperandSize �  16

THEN
DEST �  SS:SP; (* copy a word *)
SP �  SP �  2;

ELSE (* OperandSize �  32 *)
DEST �  SS:SP; (* copy a doubleword *)
SP �  SP �  4;

FI;
FI;

1. Note that in a sequence of instructions that individually delay interrupts past the following instruction, only
the first instruction in the sequence is guaranteed to delay the interrupt, but subsequent interrupt-delaying
instructions may not delay the interrupt. Thus, in the following instruction sequence:

STI
POP SS
POP ESP

interrupts may be recognized before the POP ESP executes, because STI also delays interrupts for one
instruction.
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INSTRUCTION SET REFERENCE

POP—Pop a Value from the S tack (Cont inued)

���������! �"#�%$'&("�)*&� �+-,.&�"��!$'+!&�,0/21��!3!&%�! #4�,5��+!&(6�+!&��#)*����&�,7&($98:3!+!$;�! #$'4:&�6(�!��3-��6(+!�!�� �$'<��($;��&($'6�,.�!=�&��#�! 
+!1�&?>7��3!3!��/2�! �"@3!�!$9+!�! �"BADC�1�&($9&E6�1�&(6�F�$G�(,5&E4�&�,.>7��,.)H&(�I�� @+!1�&E$9&�"�)*&� �+J$'&(3!&�6�+K��,2�( ��I+!1�&?$'&("�)G&( �+
��&($'6(,5�!4�+!��,-�L+M4��:�L �+K$0+L�NA

IF SS is loaded;
THEN

IF segment selector is null 
THEN #GP(0);

FI;
IF segment selector index is outside descriptor table limits 

OR segment selector’s RPL O  CPL 
OR segment is not a writable data segment
OR DPL P  CPL

THEN #GP(selector);
FI;
IF segment not marked present 

THEN #SS(selector);
ELSE

SS Q segment selector;
SS R segment descriptor;

FI;
FI;
IF DS, ES, FS, or GS is loaded with non-null selector;
THEN

IF segment selector index is outside descriptor table limits
OR segment is not a data or readable code segment
OR ((segment is a data or nonconforming code segment)

AND (both RPL and CPL S DPL))
THEN #GP(selector);

IF segment not marked present
THEN #NP(selector);

ELSE
SegmentRegister T segment selector;
SegmentRegister U segment descriptor;

FI;
FI;
IF DS, ES, FS, or GS is loaded with a null selector;

THEN
SegmentRegister V segment selector;
SegmentRegister W segment descriptor;

FI;

Flags Af fected
X2Y�Z�[M\
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INSTRUCTION SET REFERENCE

POP—Pop a Value from the S tack (Continued)

Protected Mode Excep tions
]:̂2_�̀.a�b c7dNe�f!f!g�h*i�fMj!k0h*e�l�gmf!n�o!n:e�l%pDp#q.g�r�j!k9fKg�qBs2j!fKt%u:v�o!owkxg�r�h*g�u�fMk9g�o!g�y�fKn�q{z

c7dNf!t�g;l:g�kxf!jLu�e�fKjLn�u�n:i�g�q.e�u�l�jLk0jKu%e|u�n�u:}7s~q5j!f!e(��o!gmkxg�r�h*g(u�f{z
c7d�e%h*g�hHn�q.��n�i�g(q5e(u�l�g�d7d5g�y(fLjK��g�e�l�l�q5g�k9k;j!k;n�v�f!k'jKl�g�f!t�g%�JpB���2p�����pB����pD��n�q
2̂p#k9g�r:h*g�u�fMo!j!hHjKf{z
c7d-f!t�g;�2pB����p�����pD��n�q-̂2p�q5g�r�j!kxfLg(qDj!k�v�k9g�l%f!n~e(y�y(g�k'k�h*g�h*n�q7��e�u�l~jKf�y(n�u�f!e�j!u�k
e;u�v�o!oMk9g�r�h*g�u�fMkxg�o!g(y�f!n�q{z

]:̂2_�̀5k9g�o!g�y(fKn�q.b c7dNk9g�r�h*g(u�fMk9g�o!g(y�f!n�q-jLu�l:g���jLk0n�v�f!k'j!l�g|l�g(k'y�q.j!i�fKn�qNfLe(��oLg|o!jLh*j!f!k�z
c7d�f!t�g2pDp�q7g(r�j!k9f!g�q�j!kJ��g(j!u�rGoKn�e(l�g�l*e(u�l*fLt�g2k9g�r�h*g�u�f�kxg�o!g(y�f!n�q�� �J���D�@�(���*�!���
�'�(���H���:�w�:���9���. L¡:�L¢���£ ¤¦¥2§�̈ª©(«7¬|�®:̄w¬�°�±�©(²M̄L®�̄!³�¬ḿ�§�̈|µ
¶7·N̄!³�¬;̧B̧#«.¬�¹�º!¤x̄L¬�«Nº!¤0»�¬(º!�¹�²!®:©�¼�¬�¼G©��¼Ḡ!³�¬;¤x¬(¹�½*¬��̄M¾�®�º!�̄!¬�¼Ḡ!®%º!¤0©
�®��¿5À2«5º!̄!©�»�²!¬|¼�©(̄L©|¤'¬(¹�½H¬�:̄Áµ
¶7·N̄!³�¬m¥2̧DÂ�Ã�̧DÂ�Ä�̧�Â:®�«-Å2̧#«.¬�¹�º!¤'̄!¬(«-º!¤0»�¬�º!�¹G²L®�©(¼�¬(¼%©(�¼%̄K³�¬|¤'¬(¹�½*¬��̄M¾�®�º!�̄L¬(¼
!̄®%º!¤¦�®�̄M©|¼�©(̄!©m®�«B«.¬�©(¼�©�»�²K¬mÆ�®�¼�¬;¤x¬�¹�½*¬��̄{µ
¶7·N̄!³�¬m¥2̧DÂ�Ã�̧DÂ�Ä�̧�Â:®�«-Å2̧#«.¬�¹�º!¤'̄!¬(«-º!¤0»�¬�º!�¹G²L®�©(¼�¬(¼%©(�¼%̄K³�¬|¤'¬(¹�½*¬��̄M¾�®�º!�̄L¬(¼
L̄®mºK¤B©0¼�©(̄!©�®�«w�®:�Æ�®:�·7®:«5½HºK�¹|Æ�®:¼�¬0¤9¬�¹�½*¬�:̄LÂ(»�±�̄Ç»�®:̄L³m̄!³�¬�È�§D̈#©(�¼;̄K³�¬0́�§�̈
©�«5¬m¹�«5¬�©(̄!¬(«B̄!³�©(%̄K³�¬|¥2§�̈mµ

É�̧ḐDÊ5Ë�Ì ¶7·N̄!³�¬;Æ(±�«5«.¬��̄M̄!®�¾%®�·-¤9̄L©(Æ�ÍGº!¤��®�̄�À2ºK̄!³�ºK%̄!³�¬|¤'̄!©�Æ(Í�¤'¬(¹�½G¬(�̄{µ
¶7·N©|½G¬(½H®�«.Î%®�¾�¬(«5©(�¼%¬(·Ï·5¬(Æ�̄!º!Ð�¬m©(¼�¼�«.¬�¤'¤¦º!¤0®�±�̄!¤9º!¼�¬m̄!³�¬m̧Ḑ#¤x¬�¹�½*¬��̄M²!º!½*ºL̄{µ

É:̧�̧�Ê.¤9¬�²K¬�Æ�̄!®�«.Ì ¶7·D̄L³:¬J̧ḐH«5¬(¹�ºK¤'̄!¬�«DºL¤�»�¬�ºK�¹2²!®�©�¼:¬�¼Ñ©��¼2̄!³:¬¦¤9¬�¹:½*¬��̄:¾�®�º!�̄!¬�¼2̄!®2º!¤�½H©�«.Í�¬(¼2�®�̄
¾�«.¬�¤'¬(�̄Áµ

É:Ò2§ ¶7·N̄L³:¬;¥2̧BÂ�Ã�̧�Â:Ä�̧�Â:®�«-Å2̧#«.¬�¹�º!¤'̄!¬(«-º!¤0»�¬�º!�¹G²L®�©(¼�¬(¼%©(�¼%̄K³�¬|¤'¬(¹�½*¬��̄w¾:®�ºK�̄!¬�¼
!̄®%º!¤¦½H©�«5Í�¬(¼%�®�̄w¾�«.¬�¤9¬��̄{µ

É:§�Ä�Ê.·5©(±�²K̄L¿5Æ�®�¼:¬�Ì ¶7·N©|¾�©�¹�¬|·5©�±�²!̄M®�Æ�Æ(±�«7¤�µ
É:Ó2́JÊ.Ë�Ì ¶5·w©(m±�:©�²!ºL¹:�¬(¼;½*¬�½*®:«7Î|«5¬(·5¬�«5¬(�Æ�¬0ºL¤-½*©(¼�¬0À2³�º!²L¬0̄!³�¬�Æ(±�«7«.¬�:̄Ç¾�«7º!Ð�º!²!¬�¹:¬�²!¬�Ð�¬(²

ºL¤0Ô�©�:¼�©�²!º!¹��½*¬(�̄MÆÕ³:¬�Æ�Í:ºL:¹%º!¤�¬(�©�»:²L¬(¼Bµ
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INSTRUCTION SET REFERENCE

POP—Pop a Value from the S tack (Cont inued)

Real-Address Mode Exceptions
Ö�×2Ø Ù5Ú�Û~Ü*Ý�Ü*Þ�ß5à�Þ�á�Ý(ß5Û(â�ã�Ý�ÚÏÚ.Ý�äÕåKæ!ç�Ý�Û�ã�ã�ß.Ý�è9è;æ!è;Þ�é:å!è9æ!ã�Ý�å!ê�Ý~ë�ì�í�î2ìDí�ï�ìDí�ð�ìBí�Þ�ß

×2ì#è9Ý�ñ:Ü*Ý�â�åwòKæLÜ*æ!å{ó

Virtual-8086 Mode Exceptions
ô�õ2ö�÷.ø�ù ú5û�ü%ýHþ(ýHÿ�����ÿ���þ��5ü����#þ�ûÏû.þ�	�
����þ�ü������.þ��������;ÿ���
�������þ�
���þ���������� � !"� ��#�����ÿ��

õ��$�9þ�%:ý*þ���
'&�Lý(��
*)
ô�ö #D÷7û.ü���&+
�,-	�ÿ��:þ�ù ú.û-ü.��ü�%�þmû.ü���&+
Mÿ�	�	��/�0�1)
ô�2���÷5ø�ù ú.û�ü��3���:ü�&��+%/��þ���ý*þ(ý*ÿ����4�5þ(û5þ��7þ��/	�þ(���~ý*ü��:þ(5�����&Lþ*ü�&+��%��:ý*þ���
6	���þ�	�7�����%4���

þ���ü�8�&!þ��9)
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INSTRUCTION SET REFERENCE

PSLLW/PSLLD/PSLLQ—Shift Packed Dat a Left Logical

Descr ip tion
:�;�<+=->�?@>�;�A�B�<�>+?@<�C(>+;/AD<+C/E�<�F�<+E�G�H�I E�H�>+HDA�IA�JKA�C�>+?@L-M�N�O-E�?QP/E/N�G�B�I�A�M�N�O�E�?�P'N�OSR�G�H�E�M�N/O�E�T"<+C(>�;�A�E�A�?U>�<�V
C�H�>+<�N�CWN/X�A�O�H�C�EYL0=-<+O-?U>9N�X�A�O0H�C�E�T6>+NY>+;/A�I�A�=�>ZB�[Y>+;�A\C�G/J]B/A�Ô N�=̂ B�<>+?_?UX�A�̀�<+=-<+A�E$<�CW>�;�A\̀�N/G�C�>9N�X�A�O�H�C�E
L�?�A�̀�N�C�E\N�X�A�O�H�C�E�Tba�c�?̂ >�;�A.B�<�>�?d<�C]>�;�A.E�H�>�H.A�I�A�J(A�C�>�?@H�O�AD?U;�<�=->�A�E\IA�=0>�P/>�;�A.A�J(X�>�[]I+N/M�V�N�O�E�A�OeB�<�>�?dH�O-A
�̀I�A�H�O-A�EKL0?QA�>�>�N]f�Tgabh-=S>�;�A_F�H�I�G�AD?UX/A�̀�<�=�<�A�E]B�[\>;�AD̀�N�G�C�> N�X�A�O�H�C/E\<�?@i�O-A�H�>�A�OS>�;�H�C3jbk]L�=-N�OSM�N�O�E�?UT-P/l9j
L�=-N�OSE�N/G�B�I�A�M�N�O-E�?�T�P/N�Oem�l]L�=�N�OeHDR�G�H�E�M�N�O-E�T-P�>�;�A�C\>�;�A.E�A�?�>+<C�H�>+<N�C]N�X�A�O0H�C�E\<�?d?�A�>'>N]H�I�I�f�?1abL-n <�i�G�O-A
l�Vgjbo(i�<+F�A�?@H�C]A�p�H�J(X�IADN�=S?Q;�<=0>�<C�i(M�N�O�E�?@<�CKH�m�q�V-B�<�>�N�X�A�O�H�C�E9a TSrs;/ADE�A�?�>+<C�H�>�<N�C(N�X�A�O�H�C�E]J(H�[(B�A
H�Cutvtxwy>�A�̀�;�C�N�I�N�i�[uO�A�i�<�?�>�A�Ô N�OdH�Cuw�tzt{O�A�i�<?U>�A�Ob|'>�;�AK̀�N�G�C�>eN�X�A�O0H�C�EỲ�H�CYB/A]A�<�>�;�A�OdH�CYtztzw
>+A�̀�;�C�N�I�N�i�[]O0A�i�<�?�>+A�O9N�OSH�C�m�q�V-B�<�>�J(A�JKN/O�[]I+N/̀�H�><�N�C�P/H�C\w�tzt}O�A�i�<�?�>�A�O9N�OSHKjbo�~�V0B/<+>�J(A�JKN�O-[\I�N�̀�H�V
>+<N�C/P�N�OeH�C�~�V-B�<�>�<+J(J(A�E�<�H�>�A'a

Opcode Inst ructi on Descri ption

0F F1 /r PSLLW �@�������e������ Shift words in ���  left ���9���@���  while shifting in 0s.

66 0F F1 /r PSLLW ���@�]� , �1���@����������� Shift words in �������  left by ���@������\�����  while shifting in 
0s.

0F 71 /6 ib PSLLW  9 e¡U¢  e 9£ Shift words in ¤�¤  left by ¥ ¦�¦�§  while shifting in 0s.

66 0F 71 /6 ib PSLLW ̈�©@©]ª , « ¬@¬� Shift words in ®1¯@¯]°  left by ± ²�²@³  while shifting in 0s.

0F F2 /r PSLLD ´@´�µ�´@´e¶�´�·�¸ Shift doublewords in ¹�¹  left by º�º9»�º@¼�½  while shifting 
in 0s.

66 0F F2 /r PSLLD ¾�¿�¿�À , Á�Â�Â�Ã�Ä�Â\Å*Ã�Æ Shift doublewords in Ç1È@È]É  left by Ê1Ë�Ë�Ì*Í�Ë\Î*Ì�Ï  while 
shifting in 0s.

0F 72 /6 ib PSLLD Ð@Ð�Ñ�Ò Ð@Ð�Ó Shift doublewords in Ô�Ô  left by Õ Ö�Ö�×  while shifting in 
0s.

66 0F 72 /6 ib PSLLD Ø�Ù�Ù�Ú , Û Ü�Ü�Ý Shift doublewords in Þ1ß�ß�à  left by á â�â@ã  while shifting in 
0s.

0F F3 /r PSLLQ ä�ä@å�ä@äSæä�ç�è Shift quadword in é�é  left by ê�ê9ë�ê@ì�í while shifting in 
0s.

66 0F F3 /r PSLLQ î1ï@ï]ð , ñ1ò�ò@ó�ô�ò�õ�ó�ö Shift quadwords in ÷�ø@ø\ù  left by ú1û�û@ü�ý�û�þ�ü�ÿ  while 
shifting in 0s.

0F 73 /6 ib PSLLQ ����� � ����� Shift quadword in ���  left by � 	�	�
  while shifting in 0s.

66 0F 73 /6 ib PSLLQ ������ , � ����� Shift quadwords in �������  left by � �����  while shifting in 
0s.

Figure 3-12.  PSLLW, PSLLD, and PSLLQ Instructi on Operation Using  64-bit O perand

DEST
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Pre-Shift
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X3 X2 X1

X1 ���  COUNTX2 ���  COUNTX3 ���  COUNT

with Zero
Extension
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PSLLW/PSLLD/PSLLQ—Shift Packed Dat a Left Log ical (Continued)

 "!$#&%�'�("(*),+.-$/10.243$560.+87$-9/:!$+.;<0=/>#@?65@!97$;�0.!$#BAC7$2<D$/E+.-90.!$#BD$#@/F0.+.-$?@0.+.7$-97�G$#624?6-�DH0.7908!$#&I.#6;40KJ�L90.!$#
-$3$M&J$#62N7�;OJ$+.0./K/FG�#65@+=;<+.#@DP+.-P0.!$#Q5@7$3$-$0R7$G�#@2S?@-$DNT@0=!�#Q%�'N("("UV+.-$/10.243$5@0=+.7�-P/F!�+.;40./W#@?65@!C7$;O0.!$#�D�7X3�J$I.#6Y
AE7X24D�/B+.-Z0.!�#HD$#6/10.+.-$?608+.7$-Z7$G�#624?6-$DNTN?@-XD[0.!$#\%N'�("("]̂ +.-�/F082S3�5@0.+=7�-[/F!$+.;40./B0.!�#̀ _X3�?@DXAE7$2<Dba<7X2Q_X3$?6D�Y
AE7X24D�/FcO+8-B0.!$#�DX#@/:0=+.-�?@0=+.7�-�7$G$#@2S?@-�Ded

Operation

PSLLW instruction with 64-bit operand:
IF (COUNT f  15)
THEN 

DEST[64..0] g  0000000000000000H
ELSE

DEST[15..0] h  ZeroExtend(DEST[15..0] i�i  COUNT);
* repeat shift operation for 2nd and 3rd words *;
DEST[63..48] j  ZeroExtend(DEST[63..48] k*k  COUNT);

FI;

PSLLD instruction with 64-bit operand:
IF (COUNT l  31)
THEN 

DEST[64..0] m  0000000000000000H
ELSE

DEST[31..0] n  ZeroExtend(DEST[31..0] o�o  COUNT);
DEST[63..32] p  ZeroExtend(DEST[63..32] q*q  COUNT);

FI;

PSLLQ instruction with 64-bit operand:
IF (COUNT r  63)
THEN 

DEST[64..0] s  0000000000000000H
ELSE

DEST t  ZeroExtend(DEST u�u  COUNT);
FI;

PSLLW instruction with 128-bit operand:
IF (COUNT v  15)
THEN 

DEST[128..0] w  00000000000000000000000000000000H
ELSE

DEST[15-0]  x  ZeroExtend(DEST[15-0] y*y  COUNT);
* repeat shift operation for 2nd through 7th words *;
DEST[127-112] z  ZeroExtend(DEST[127-112] {*{  COUNT);

FI;
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PSLLW/PSLLD/PSLLQ—Shift Packed Dat a Left Logical  (Continued)

PSLLD instruction with 128-bit operand:
IF (COUNT |  31)
THEN 

DEST[128..0] }  00000000000000000000000000000000H
ELSE

DEST[31-0]  ~  ZeroExtend(DEST[31-0] ���  COUNT);
* repeat shift operation for 2nd and 3rd doublewords *;
DEST[127-96] �  ZeroExtend(DEST[127-96] �*�  COUNT);

FI;

PSLLQ instruction with 128-bit operand:
IF (COUNT �  63)
THEN 

DEST[128..0] �  00000000000000000000000000000000H
ELSE

DEST[63-0]  �  ZeroExtend(DEST[63-0] ���  COUNT);
DEST[127-64] �  ZeroExtend(DEST[127-64] �*�  COUNT);

FI;

Intel C/C���  Compiler  Int rinsi c Equiv alents

PSLLW __m64 _mm_slli_pi16 (__m64 m, int count)

PSLLW __m64 _mm_sll_pi16(__m64 m, __m64 count)

PSLLW __m128i _mm_slli_pi16(__m64 m, int count)

PSLLW __m128i _mm_slli_pi16(__m128i m, __m128i count)

PSLLD __m64 _mm_slli_pi32(__m64 m, int  count)

PSLLD __m64 _mm_sll_pi32(__m64 m, __m64 count)

PSLLD __m128i _mm_slli_epi32(__m128i m, int  count)

PSLLD __m128i _mm_sll_epi32(__m128i m, __m128i count)

PSLLQ __m64 _mm_slli_si64(__m64 m, int  count)

PSLLQ __m64 _mm_sll_si64(__m64 m, __m64 count)

PSLLQ __m128i _mm_slli_si64(__m128i m, int  count)

PSLLQ __m128i _mm_sll_si64(__m128i m, __m128i count)

Flags Af fected
�E�$�$���
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PSLLW/PSLLD/PSLLQ—Shift Packed Dat a Left Log ical (Continued)

Protected Mode Excep tions
�$�E���4�$� �4�K�P���6�B�X�4���$�$�@�S�@ �¡��6�<�<�6¢@£.¤=¥����@¡�¡$�S�@¦:¦�¤.¦���§X£.¦1¤=¡���£8̈$�P©�ª�«*¬Cª�«*"ªN«*®�ª�«����

�Eª\¦:�@̄X���@ �£�°.¤=�B¤=£²±
�F³µ́X¶�·Ş$¤8£��$���6�4�6£.¤8�X $¦��$ �°.�R± �¹�4�K���@�&�$�S�&�$�X�@�4�@ $¡�¤.¦� $�$£��@°.¤8̄X ��@¡��X B�H³»º$·Ş��X£8�
�̧�$§$ $¡$�6�4�¼«$�4�6̄$�6�4¡$°.�@¦:¦W�$�O¦1�@̄X���@ X£½±

�$ª�ª��4�$� �<�e�Q�&�6�&�$�S�P�$���6�4�6 $¡P�6�¾�4�6¢@£.¤.¥$�¿�@¡$¡��S�@¦:¦À¤8¦W�$§�£.¦F¤.¡$��£.̈$�¿ª�ª̀ ¦:�6̄����@ $£*°.¤8��¤.£²±
�XÁE¬ �<�e"ÂÃ¤8 �©�Ä��B¤8¦W¦F�@£²±

³»́$¶X·<̧X¤8£���X�@�S�@£.¤8�X �¦eÅE¤8°.°̄$�6 ��@�S�@£.�À��ÁE¬Æ�$ $°8�¿¤=��Ç>ª�®�ÈCª�ÄZ¤8 ¿©�Ä�É¿¤8¦e�e±²"Ê$�@¢6§�·
£8¤.�$ &�$�¿³µ́�¶$·Ş�¤.£�¤. $¦:£8�S§�¢6£.¤.�� X¦��� ��E $�X �·Sª�ª�¹́&¢6�6�$�6̧�°=�E���S�$¢@�6¦:¦:���"�S�$ ��E£.̈$�6£�¤=¦
ÂbÂËÈÌ£.�6¢¼̈$ X��°=��̄$�\¢@�@�$�6̧�°8�6�ÍÅE¤.°8°O�S�@¦:§$°.£O¤8 \£8̈X�C¤8 X¦1£=�4§$¢@£.¤.�$ ��X���@�S�@£.¤8 X̄��$ �£.̈$�
�&�Î�S�@̄$¤.¦:£8�6�4¦:«$ ��X£R�XÁ>¬\±

�XÏEÂ �<�eÐ"ª\¤. �©�Ä��P¤.¦W¦:�6£½±
�XÂË® �<º$ÉX·<̧$¤.£��$���6�4�6£.¤8�$ X¦Í�X �°8��± �e�4�O£8̈X�@�S�¿¤8¦W�¿���6 $¡$¤. $̄PÊ$¶$Ñ�®���ÁÒ�@ÊX¢@�6�$£.¤8�X N±
�X��®��S�4�6§�°=£8·4¢@�$¡X�@� �<�e�¿���@̄$�¿�4�@§$°.£��$¢@¢6§$�<¦±
�XÓE©��4�$� �4º$É$·4̧$¤.£Ô�$���6�4�6£.¤8�X $¦Õ�$ �°.�R± �Ò�S�V�6°=¤8̄� X���@ �£Æ¢@̈X�@¢6Ö$¤. �̄Ã¤8¦Õ�6 $�6̧$°.�@¡×�6 $¡×�@ 

§� $�6°8¤.̄$ $�@¡E�&�@���X�4�>�<�6�4�6�4�6 $¢@�À¤.¦¹���@¡X�WÅËX¤8°.��£.̈���¢@§$�4�4�6 $£�X�4¤.¥$¤.°.�@̄���°.�@¥X�@°¤=¦¹ØN±

Real-Addr ess Mode Exceptions  
ÙXÚEÛ�Ü4ÝXÞ Ü»ßµà$á$â4ãXä8å�æXç�è6é4ê6å.ä8æ$ëXì�æ$ë�í.îRï Þ¹ð4ñKò�è@ò&æ$éSî&æ$ç$è6é4ê@ë$ó�ä.ì�ë$æ$å�ê@í.ä8ôXë�è@ó�æXëBêHß»õXâ4ã�îXå8è

ã�æ$ö$ë$ó$ê6é4î¼÷$é4è6ô$ê6é4ó$í.è@ì:ìWæ$ñOì1è@ôXò�è@ëXå½ï
ð<ñ¹ê6ë$î�ç$ê6é<å�æ�ñ¹å.ø$è¿æ$ç$è@é4ê@ë$ó&í.ä.è@ìÀæ$ö$å.ì:ä8ó$è>æ�ñ¹å.øXè¿è6ñ¾ñSè@ù6å.ä.ú$èQê6ó$ó$é4è@ìFìÀì:ç�ê6ù@è>ñSé4æ�ò
Ý�å8æBû�û�ûNû�ü�ï

ÙXýEþ ð<ñeÿ��Ãä8ë�����ÝBä8ìWìFè@å²ï
ß»à$áXâ<ãXä8åæ�çXè@éSê@å.ä8æXë�ì��Eä8í.íô$è6ë�è@éSê@å.èÀÙ�ýEþÆæ$ë$í8î¿ä=ñ	��
�û��
��Zä8ë������¿ä8ìeÝeï²ÿ��$è@ù6ö�â
å8ä.æ$ë&æ$ñ¿ßµà�á$âSã�ä.å�ä.ë$ì:å8éSö�ù6å.ä.æ�ëXì�æ�ë�êEë$æXë�â�

�ÿ¹à&ù6ê6ç$ê6ã�í=èEç�éSæ$ù@è6ì:ì:æ�é"ÜSæ$ë�èEå.ø$ê6å�ä=ì
�����Ìå.è6ù¼ø$ëXæ�í=æ�ô$î\ù@ê@ç$ê6ã�í8è6Þ��Eä.í8íOéSè@ì:ö$í.åOä8ë\å8øXèCä8ëXì1å=é4ö$ù@å.ä.æ$ë�æXç�è@éSê@å.ä8ëXô�æ$ë�å.ø$è
ò&òÎéSè@ô$ä.ì:å8è6é4ì:÷$ë�æXåRÙXý>þ\ï

Ù���� ð<ñ���
\ä.ë�����ÝPä.ìWì:è6å½ï
Ù��Ëû Ü<õ��Xâ<ã$ä.å�æ$ç�è6é4ê6å.ä8æ$ëXìÍæXë�í8î�ï Þeð4ñOå8øXè@éSè¿ä8ìWê¿ç�è6ë$ó$ä.ë$ô��$á���û�Û�ýÒè��Xù@è6ç$å.ä8æXëNï
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PSLLW/PSLLD/PSLLQ—Shift Packed Dat a Left Logical  (Continued)

Virtual-8086 Mode Exceptions
 �!#"%$�$�&�'�$#(*),+.-*/�0�!#0�+,/�1�$�!#2	3�4*4�56$#07098�-�4�$
:�;<�=?> !#@�2.)BA�'�-*4�$�C < -�5D!�(�!�E�$ > !#@�2.)GF
: 3�H =?I C =�J*K A�L*+B)M-�(�$#5?!#),+.-*/�0N-�/*2,O�F CQP > !#2B+.E�/*"R$�/�)M'�S�$�'#T�+B/�EU+B0V$�/�!�L�2.$#4W!#/�4X!#/

@*/�!�2B+.E�/�$�4�"Y$#"R-*5�O�5?$ > $#56$#/*'#$Z+B0["Y!�4�$	F

Numeric  Exceptions
\�]�̂�_	̀
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INSTRUCTION SET REFERENCE

PSRAW/PSRAD—Shif t Packed Dat a Right Arithmet ic

Descript ion
a�b�cBd6eBfgeBb�h9i�c.eBfgcBj�e,b*h�cBj*k�c.l�c.k�m*n�o*k�n�eBn9h#o.h#pRh�j�eBfgq�r�s*t�k�fgs*t�k*s�m*i�o.h#r�s�t�k*fvuwcBj�e,b*h�k*h�fxeBc.j�n�eBc.s�j�s*y�h�t�n�j*k
q�d6cBt6fvezs*y�h�t�n�j*k�u{eBsZeBb�h�t6c,|*b�ezi�}ZeBb�h�j�m�pYi�h#t{s*d	i*c,eBfDf7y�h�~#cBd6cBh#k�cBjZeBb�h�~�s�m�j�e�s�y�h�t6n�j�k�q�f7h#~�s�j�kZs�y*h#t6n#j�k*u��
��f�eBb�h�i*c,eBfZcBj�eBb�h�k�n�eBn�h�oBh�pRh#j�eBfZn�t6h�fvb*cBd�e.h#k�t�c.|�b*eB�eBb�h�h�pRy�e.}�b*c,|*b���s*t�k�h�t9i*cBe.f�n�t�h�d�c.oBoBh�k�r�c.eBb�eBb�h
cBj�cBeBcBn�o�l�n#oBm*h�s�d�eBb�h�fvcB|�j�i*c,e�s�d�eBb�h�k*n#e.n%h�oBh�pRh�j�eG���6d9eBb�h�l�n�oBm�h�fvy*h#~�c,d?cBh�k�i*}�eBb*h%~�s�m�j�e�s*y�h�t�n�j*k�c,f
|�t?h�n#e,h�t�eBb*n#j�����q6d?s�t�r�s�t�k*fvu�s*t��D�[q6d6s�t�k�s*m�i�oBh�r�s�t6k�fvu6��h�n�~#b�k�h#fve.cBj�n�eBcBs�j�k�n#eBn�h�oBh�pRh�j*e{cBf�d6cBoBo.h#k�r�cBeBb
eBb�h�c,j*cBeBcBn�o	l�n�oBm�h�s*dgeBb*h�fvcB|�j�i�c.es�d�e.b�hZh#oBh#pYh�j�eG��q6��cB|*m�t�hZ�������%|�cBl�h�f[n�j%h���n#pRy*o,hZs�dDfxb*cBd6eBcBj�|%r�s*t�k�f
cBj%n������6i�c.e	s�y�h#t?n#j�kD� u

� b�h�k�h�fveBc.j�n�eBcBs�j�s�y�h�t6n�j�k�pRn#}�i�h�n#j������Ne.h#~#b�j�s*oBs�|�}�t�h#|�c.fve,h�t[s�t�n#j�������t�h#|*c.fxe.h#t���eBb�h�~�s�m�j�e
s�y�h�t�n�j�k�~#n�j�i�hRh�cBe,b*h#t�n#j�������eBh#~�b�j�s�oBs*|�}�t6h#|�cBf7eBh�t�s*t�n#j����*��i�cBe�pYh#pYs�t�}�oBs�~�n#eBcBs*j��gn#j������
t�h�|*c,fve.h#tDs�tDnR�������6i�cBe	pRh�pRs*t�}�oBs*~#n�eBc,s*j���s*t�n�j����6i*cBe	cBpYpRh#k�cBn�eBh	�

Opcode Inst ructi on Descri ption

0F E1 /r PSRAW  � �¡� � �¢£ �¤�¥ Shift words in ¦�¦  right by §�§�¨£§�©�ª  while shifting in 
sign bits.

66 0F E1 /r PSRAW «*¬�¬� , ®z̄�̄�°G±²̄�³G°�́ Shift words in µ�¶�¶%·  right by ̧�¹�¹�º7»,¹�¼½º�¾  while 
shifting in sign bits.

0F 71 /4 ib PSRAW ¿�¿�À�Á ¿�¿�Â Shift words in Ã�Ã  right by Ä Å�Å�Æ  while shifting in 
sign bits

66 0F 71 /4 ib PSRAW Ç*È�È�É , imm8 Shift words in Ê�Ë�Ë%Ì  right by imm8 while shifting in 
sign bits

0F E2 /r PSRAD Í�Í�Î�Í�ÍDÏ²Í�Ð#Ñ Shift doublewords in Ò�Ò  right by Ó�Ó�Ô£Ó�Õ�Ö  while 
shifting in sign bits.

66 0F E2 /r PSRAD ×�Ø�Ø�Ù , Ú�Û�Û�Ü½Ý,Û%ÞGÜ�ß Shift doubleword in àzá�á�â  right by ã�ä�ä�å�æ£ä�çGå#è
while shifting in sign bits.

0F 72 /4 ib PSRAD é�é�ê�ë é�é�ì Shift doublewords in í�í  right by î ï�ï�ð  while shifting 
in sign bits.

66 0F 72 /4 ib PSRAD ñ�ò�ò�ó , imm8 Shift doublewords in ô*õ�õ�ö  right by ÷ ø�ø�ù  while 
shifting in sign bits.

Figure  3-13.  PSRAW and PSRAD Ins truc tion Operation Using a 64-bit Operand
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PSRAW/PSRAD—Shif t Packed Data Right Arithmetic  (Continue d)

þ�ÿ����������
	����������������������7ÿ��������������#ÿ������Bÿ��� !�"�$#�������Bÿ���#����%����������������&��������#������Bÿ��!�'�)(*ÿ��+*",��,ÿ"�
���-�*��������.*"�����!�/&"������������#0��1�Bÿ��������"��2��&��������#�34��"#1�Bÿ����5�+����67������������8�)���"1�xÿ"�)�'���!�����#ÿ0�����,ÿ"�
#����"*�9:�� ����$#"�;�)<�.ÿ��=#"���%��������:����<��&"�������#+>

Operation

PSRAW instruction with 64-bit operand:
IF (COUNT ?  15)

THEN COUNT @  16;
FI;

DEST[15..0] A  SignExtend(DEST[15..0] B�B  COUNT);
* repeat shift operation for 2nd and 3rd words *;
DEST[63..48] C  SignExtend(DEST[63..48] DED  COUNT);

PSRAD instruction with 64-bit operand:
IF (COUNT F  31)

THEN COUNT G  32;
FI;
ELSE

DEST[31..0] H  SignExtend(DEST[31..0] I�I  COUNT);
DEST[63..32] J  SignExtend(DEST[63..32] KEK  COUNT);

PSRAW instruction with 128-bit operand:
IF (COUNT L  15)

THEN COUNT M  16;
FI;
ELSE

DEST[15-0]  N  SignExtend(DEST[15-0] O5O  COUNT);
* repeat shift operation for 2nd through 7th words *;
DEST[127-112] P  SignExtend(DEST[127-112] Q5Q  COUNT);

PSRAD instruction with 128-bit operand:
IF (COUNT R  31)

THEN COUNT S  32;
FI;
ELSE

DEST[31-0]  T  SignExtend(DEST[31-0] U5U  COUNT);
* repeat shift operation for 2nd and 3rd doublewords *;
DEST[127-96] V  SignExtend(DEST[127-96] WEW COUNT);
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INSTRUCTION SET REFERENCE

PSRAW/PSRAD—Shif t Packed Dat a Right Arithmet ic (Cont inued)

Intel C/CX5X  Compiler Intrinsic  Equiv alent s

PSRAW __m64 _mm_srai_pi16 (__m64 m, int count)

PSRAW __m64 _mm_sraw_pi16 (__m64 m, __m64 count)

PSRAD __m64 _mm_srai_pi32 (__m64 m, int count)

PSRAD __m64 _mm_sra_pi32 (__m64 m, __m64 count)

PSRAW __m128i _mm_srai_epi16(__m128i m, int  count)

PSRAW __m128i _mm_sra_epi16(__m128i m, __m128i count))

PSRAD __m128i _mm_srai_epi32 (__m128i m, int  count)

PSRAD __m128i _mm_sra_epi32 (__m128i m, __m128i count)

Flags Af fected
Y�Z�["\̂ ]

Protected Mode Excep tions
_�̀�a�b�c�d e�f2gih�j�hlk�m�nok�p�j�m$g�q"roj�f'f'j�s�t�u)v"j<g�r"r�m$j�w%w.u�w.k"x�t�w�u)r"j<t:y�jiz�{�|E}!{5|E~�{+|E�5{�|5k"m

�̀{�w%j���h�j�q"t���u)hlu)t��
b/�����"�$��u:t�k�p"j�m�g�t�u:k�q�w�k�q"��n̂ � d�e�f2h�j�h�k�m$n�k�p�j�m�g�q�r�u�w�q�k�t�g���u:��q"j�r�k�qlg������$�"n�t:j
�"k�x�q�r�g�m�n8|�m�j���g�m�r���j�w%w
k�f�w�j���h�j�q�t��

_�{�{�b�c�d e'f4g�h�j�h�k�m$nik�p"j�m�g�q�rij�f�f�j�s�t�u�v�j=g�r�r"m$j�w%w�u:w
k�x"t�w/u�r�j.t�y�j={5{�w%j��"h�j�q�tE��u:h�u�t��
_���} e'f4~���u:q<z���clu:w
w/j�t��

�������'��u:t�k"p�j�m$g�t�u:k�q"w4��u:������j�q"j�m$g�t�j�_"��}�k�q��:n=u)f���{��5�!{�� u:q=z���¡=u:w4c4��~�¢�j�s�x"�
t:u�k�q�k�f=���"���$�"u�t�u�q�w%t:m$x"s�t�u�k"q�w�k"q�g�q�k�q"�${5{�~���s�g�p�g��"�)j�p"m$k�s�j�w%w%k"m�b$k�q"j�t�y�g�t5u)w
�£�¤�¥t�j�s8y�q�k"�)k"��n�s�g�p�g��"�:j�d;��u��:��m$j�w%x���t�u:q�t:y�j!u:q�w�t)m�x�s�t�u�k�qok�p"j�m$g�t�u:q��ok�qot�y�j
h�h¦m$j���u�w%t:j�m�w%|�q"k�t̂ _���}��

_�§�� e'f4̈�{�u�q<z���ciu�w
w%j�t��
_��¤� b'��¡��'��u�t�k�p"j�m�g�t�u:k�q�w;k�q"�:n�� d4e�f�t:y�j�m$j=u:w
g=p"j�q�r�u�q��i¢���©<�5a��ªj�¢�s�j�p�t�u:k�q+�
_�a5�5b$f�g�x"�)t:��s�k�r�j�d e'f4g=p"g���j=f�g�x���t�k�s�s�x�m'w��
_�«�z�b�c�d b���¡�����u�t¬k�p"j�m�g�t�u:k�q�wk�q"��n̂ � dªe$f®g��)u:�"q�h�j�q"t�s�y�j�s�̄�u�q"��u:wj�q�g�����j�r°g�q�r°g�q

x"q�g��:u���q�j�r�h�j�h�k�m�n�m'j�f�j�m�j�q�s�j�u�w�h�g�r�j
��y�u:��j�t�y"j�s�x�m�m�j�q�t�p�m�u�v�u���j��"j���j�v�j���u)w�±+�
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INSTRUCTION SET REFERENCE

PSRAW/PSRAD—Shif t Packed Data Right Arithmetic  (Continue d)

Real-Address Mode Exceptions 
²�³�́5µ$¶�· µ�̧�¹�º"»$¼�½:¾�¿�À"Á�Â�Ã�¾�½�¿�Ä�Å�¿�Ä�Æ�Ç�È ·2É'Ê�Ë�Á�Ë�¿"Â$Ç�¿�À�Á�Â�Ã�Ä"Ì�½�Å�Ä"¿�¾5Ã�Æ�½�Í�Ä�Á�Ì�¿�Ä�Ã�̧�Î�»�¼"Ç�¾:Á

¼"¿�Ï�Ä"Ì�Ã�Â$Ç8Ð�Â�Á�Í�Ã�Â$Ì"Æ)Á8Å%Å
¿�Ê�Å%Á�Í"Ë�Á�Ä�¾�È
É�Ê4Ã�Ä�Ç<À�Ã�Â�¾5¿"Ê�¾�Ñ�Á�¿"À�Á�Â�Ã�Ä"Ì�Æ�½�Á�Å�¿�Ï�¾�Å�½�Ì�Á�¿�Ê4¾�Ñ�Á�Á�Ê'Ê�Á�Ò�¾�½�Ó�Á�Ã�Ì�Ì�Â�Á�Å�Å�Å%À�Ã�Ò�Á�Ê�Â�¿�Ë
¶<¾:¿lÔ5Ô�Ô�Ô5Õ�È

²�Ö�× É$Ê+Ø�Ù�½�ÄiÚ�Û�¶<½�Å;Å/Á�¾�È

�̧¹�º�»'¼�½:¾"¿"À�Á�Â$Ã�¾�½�¿�Ä"Å4Ü�½)Æ:ÆÝÍ�Á�Ä�Á�Â'Ã�¾:Á�²"Öi×¬¿�Ä"Æ)Ç=½:Ê�Þ�ß�Ô�à�ß5Û ½:Ä=Ú�Û�á=½)Å+¶4È�Ø�â�Á�Ò�Ï"»
¾�½:¿�Ä�¿"Ê�̧8¹"º�»$¼"½)¾5½�Ä�Å%¾�Â�Ï�Ò�¾:½�¿�Ä"Å�¿"Ä�Ã�Ä�¿�Ä"»$ß5ß�Ø�¹�Ò�Ã�À�Ã�¼�Æ:Á�À�Â�¿�Ò�Á�Å�Å/¿"Â�µ$¿�Ä�Á!¾�Ñ"Ã�¾�½�Å
Ù£Ù¤à¾�Á�Ò�Ñ"Ä�¿�Æ�¿"Í�Ç�Ò�Ã�À�Ã�¼�Æ�Á�·2Ü�½�Æ�Æ+Â$Á�Å%Ï�Æ:¾�½�Äo¾�Ñ�Ái½�Ä"Å/¾:Â$Ï"Ò�¾�½)¿"Äo¿�À�Á�Â�Ã�¾)½�Ä"Í�¿�Äo¾)Ñ"Á
Ë�ËÂ�Á�Í�½�Å�¾�Á�Â�Å%Ð�Ä�¿�¾̂ ²�Ö�×�È

²�ã�Ù É$Ê+ä�ß�½�ÄlÚ�Û�¶<½:Å�Å%Á�¾�È
²�Ù¤Ô µ�Î�á�»$¼"½:¾�¿�À�Á�Â�Ã�¾�½�¿�Ä�Å
¿�Ä"Æ)Ç�È ·�É�Ê4¾�Ñ"Á�Â$Á=½:Å
Ã=À�Á�Ä"Ì�½�Ä�Í<â�º"å<Ô�́�ÖªÁ�â"Ò�Á�À�¾�½�¿�Ä+È

Virtual-8086 Mode Exceptions
æ�ç�èlé=é�ê�ë�é�ì"í)î:ï"ð�ñ;ç�ñ;î)ð<ò�é�ç�ó�ô�õ"õ�ö�é�ñ�ñ
÷£ï�õ�é
ø�ù5ú�û'ü ç�ý�ó:í�þ$ë�ï"õ�é�ÿ ú ï�ö�ç=ì�ç���é ü ç�ý�ó:í��
ø ô�� û�� ÿ û	��
 þ	�"î�í¬ï�ì�é�ö'ç�í)î:ï"ð�ñï�ð"ó��� ÿ�� ü ç�ó�î���ð"è�é�ð�í¬ë���é�ë���î�ð��°î�ñ¦é�ð�ç���ó:é�õ ç�ð�õ�ç�ð

ý"ð�ç�ó�î���ð�é�õ<è�é�è�ï"ö	<ö'é ü é�ö�é�ð"ë�é�î�ñ�è�ç�õ�é��

Numeric  Exceptions
���������
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INSTRUCTION SET REFERENCE

PUSH—Push Word or Doubleword Ont o the Stack

Descr ip tion
������ !��"#��$�%'&(%')��*&+%�,���-/.�0�1'$�%'�� 2,�$�3/%')���$4&5%'0� ���&6%')��7&+0�8� 	���90�.��� �,�$�3:0�$/%')��7%'0�.:0�;2%')��7&+%',���-=<�>?)��
,�3�3� !��&@&5A	&51'B��C,�%'%' !1'D�8�%'�C0�;E%�)��F&5%',���-G&5��H�"#��$�%I3���%'�� !"#1'$���&J%')��C&@%�,���-K.�0�1'$�%��� L&@1�B��FMONQPGD�1'%'&J0� ER�SKD�1'%'&+T!U
,�$�3V%')��:0�.��� �,�$�3�A�&@1'B��/,�%'%' 	1'D�8�%��/0�;(%')��/�W8� 	 !��$�%2��0�3��/&+��H�"*��$�%X3���%'�� !"*1�$���&*%')��/,�"#0�8�$�%2%')��:&+%�,���-
.�0�1'$�%��W F1'&G3����� !��"*��$�%���3YM!SYD�Z�%'��&K0� F[YD�Z�%'��&5TQ<�\L0� C��]�,�"#.�̂'��U_1';̀ %�)���&@�#,�3�3� !��&5&@À ,�$�3Y0�.��� !,�$�3�A!&+1�B��
,�%'%� �1'D�8�%���&a,� !�CR�S�U�%')��CR�S�A	D�1'%Ib?cedf !��H�1'&5%��W EM!&+%�,��W-9.�0�1�$�%'�� 	T=1'&J3����� !��"*��$�%'��3GD�ZK[G,�$�3�U�1';E%�)���ZK,� !�*NQP�U
%')��KNOP�A	D�1�%gcLd7 ���H�1'&5%��� �1'&_3����� ���"#��$�%'��3CD�Z6SE<�M	>?)��ihj;	̂',�HC1�$6%')��i&+%',���-C&+��H�"#��$�%�k lEl+m�n�o#m�p�qsr�m�l5t�u	v'w�q'x�u
r�m�q'm�u	o#v�p�m�l/q'y�mjl5q'z�t�{_| }:~���������}@}5�	}5������~��'�'�!�'�����'���̀ ~����������j���	�'~����'���'���������	�!�����(�������j}5�����#�����5� �
�+�����#�����C�����@���� �¡��'¢���£̀ ¤�¥'¢�����¦� '�'§�¡��	��̈	 '©����+£̀ �����'���!�# '�����:�'§��j¢�¡����	¤�����ª!�+ �«��j¤��'�'�! '¬�����®¤�����¤�¥��+¢���§��
¤������!���@�5ª	�5 '«��C¤��'�'�! '¬�����6¢�̈E�'§��F�+¢�������6¢�¡����	¤����Ē °=±=��@§� '���G¤#²O³�ª	¬� '��¢�¡����!¤����G¦�§����G�'§��F�5��¤���́9¤������!���5�5ª
�+ '«��K¤��'�'�! '¬���'�K ��Cµ�¶·��¤��·�!���+�¥'�= '�·¤K�# '�+¤�¥' '�������f��§��K�5�'¤���́·¡�¢� ��������J̧��'§�¤��= '�+£¹��§��K�+�'¤���́f¡�¢� '���'���J ��C��¢��
¤�¥' ��������G¢��G¤6��¢��¬�¥'��¦�¢��!�9¬�¢������¤��	º�°Ō
»?§��F±L¼�½L¾�¿?½e±: ����+���	����' '¢��K¡���+§����J��§��CÀ�¤�¥'��C¢�̈E��§��C¿?½e±f�!���� '�5�'���E¤��i '�I��©� '�+�'���9¬���̈	¢��	�F�'§��C ����5�'�	���ª
�' '¢��Á¦�¤��·��©�������'���_̄L»?§���+£2 '̈K¤Y±L¼�½L¾Â '���@���	����' �¢��Á��5���·¤Y�#���#¢��	ºÃ¢�¡����!¤����Á '�Á¦�§� '��§Á�'§��j¿?½e±
�!���� '�5�'���e '�?��+����¤��Ä¤F¬�¤��@�X�!���� '�+�'���ë	¢��e��¢��*¡���' '�����'§��̀ ¢�¡����	¤�����¤������!���5�@£g�'§��X��̈�̈!�����' 'À��X¤������!���5�?¢�̈L�'§��
¢�¡����!¤����G ��i��¢��#¡�������G¬���̈�¢��	�6�'§��C¿a½e±/������ '�5�����E '�2�������!���#�����'���Ē
Å!�G�'§��6�!��¤W¥�ª�¤����������@�i�*¢�����£� �̈E�'§��F¿?½=±f¢��E½L±:�!���� ��5�'���= ���²X¦�§����G�'§��6±L¼�½e¾Æ '���5�'�!����� '¢��9 '�J��©�������'����£
�'§��̀ ¡���¢������+�+¢��L�5§���'�a��¢�¦�������X��¢�¤̀ ¥'¤���́K¢�̈=�5��¤���́��+¡�¤�����̄@Ç�¢K��©�����¡��' '¢��� '�a���������!¤��'������¢� '���� '��¤��'�̀ �'§� '�
��¢����� '�� �¢��_̄

IA-32 Archit ecture  Compatibilit y
ÈLÉ�ÊÄË!Ì�Í	Î�Ï*Ð�Ê�É�Ñ�Ò�Ó5Ó@É�Ê�ÓXÔ!Ê!É�Õ×Ö�Ø�Ò(Ë�Ù�Ö�Ò�Ú¹Ï�Û�Ü*É�Ù�Ý�Ö'Ø�Ò(ÞLß�àeáãâaàeÞ:ä'Ù�Ó+Ö�Ê�å�Ñ�Ö'ä�É�Ù7Ð�å�Ó5Ø�Ò�ÓXÖ'Ø�Ò(æ�ç�Ú'å�Ò(É�Ô_Ö�Ø�Ò
â?àeÞ�Ê	Ò�è�ä'Ó+Ö'Ò�ÊCç�Ó7ä�ÖiÒ�é�ä'Ó+Ö'Ò�êjë�Ò�Ô!É�Ê!Ò:Ö�Ø�Òfä'Ù�Ó+Ö�Ê�å�Ñ�Ö�ä'É�Ù�ì(ç�Ó7Ò�é�Ò�Ñ�å�Ö�Ò�êEí�î!ï?Ø�ä'Ó7ä�Ó9ç�Ú�Ó+ÉjÖ'Ê!å�Ò:ä'ÙjÖ'Ø�Ò/Ê�Ò�ç�Ú'Í
ç�ê�ê�Ê!Ò�Ó@Ó?ç�Ù�êKæ�ä'Ê!Ö'å�ç�Ú'Í!Û�ð�Û�Ü�Õ#É�ê�ÒWÓgí ñLÈeÉ�ÊeÖ�Ø�Ò̀ Ë	Ù�Ö'Ò�Ú�Û�ð�Û�ÜKÐ�Ê	É�Ñ�Ò�Ó+Ó5É�ÊòÝóÖ�Ø�ÒFÞLß�àeáôàLÞ#ä�Ù�Ó5Ö'Ê!å�Ñ�Ö'ä'É�Ù�Ð�å�Ó5Ø�Ò�Ó
Ö'Ø�ÒCÙ�Ò�ìõæ�ç�Ú'å�Ò6É�Ô_Ö'Ø�ÒFà=ÞfÊ	Ò�è�ä'Ó@Ö�Ò�ÊEî!Ö�Ø�ç�Ö�ä'ÓJÖ�Ø�Ò6æ�ç�Ú'å�ÒCç�Ô!Ö'Ò�ÊEä'Ö�Ø�ç�Ó2ë�Ò�Ò�Ù9ê�Ò�Ñ�Ê	Ò�Õ#Ò�Ù�Ö'Ò�êGë�ö9Ï�ñOí

Opcode Instru ct ion Descri ption

FF /6 PUSH ÷ øúùGû�ü Push ý þ�ÿ����
FF /6 PUSH � ���	��
 Push � ������
50 ����� PUSH ����� Push �����
50 ���! PUSH "$#�% Push &$'�(
6A PUSH ) *	*�+ Push , -.-	/
68 PUSH 0 1	1�2�3 Push 4 5.57698
68 PUSH : ;	;�<�= Push > ?.?	@BA
0E PUSH CS Push CS

16 PUSH SS Push SS

1E PUSH DS Push DS

06 PUSH ES Push ES

0F A0 PUSH FS Push FS

0F A8 PUSH GS Push GS
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INSTRUCTION SET REFERENCE

PUSH—Push Word or Doublew ord Onto th e Stack (Cont inued)

Operation

IF StackAddrSize C  32
THEN

IF OperandSize D  32
THEN

ESP E  ESP F  4;
SS:ESP G  SRC; (* push doubleword *)

ELSE (* OperandSize H  16*)
ESP I  ESP J  2;
SS:ESP K  SRC; (* push word *)

FI;
ELSE (* StackAddrSize L  16*)

IF OperandSize M  16
THEN

SP N  SP O  2;
 SS:SP P  SRC; (* push word *)

ELSE (* OperandSize Q  32*)
SP R  SP S  4;
SS:SP T  SRC; (* push doubleword *)

FI;
FI;

Flags Af fected
UWVYX[Z]\

Protected Mode Excep tions
^̀ _Wacbed̀ f gehji7kmlBk�nYoepqǹ r̀ l�o�i�s[tqlBhuhulBv�wyx�z[l{i�t[t̀ o�l�|}|�xy|�n[~Ywy|�x�t[l{w$�̀ l7�	�c�����������������c��n[o

_W��|}l��Ykml�s[w��yxyk�x�w��
guh�wy�[l��W���������̀ ���c�[n[o�_W�qoel��̀ xy|�w$lBocxy|j~̀ |}l�t7wyn�iBv�vBl�|�|�kml�kmǹ oup{i�s[t�x�ẁ vBǹ s̀ wyi�xys̀ |
i�s̀ ~̀ �y��|}l��̀ kml�s[w�|�l��ylBv�wyǹ o��

^̀ �c�cbed̀ f guh�i�k�lBk�ǹ o�p7ǹ r[lBoeiBs̀ t7l�huhel�vBwyxyz̀ l�iBt̀ t[o�l�|}|�xy|�ǹ ~[wy|�x$t̀ l�wy�̀ l��c��|�l��̀ kml�s̀ w��yxykmxyw��
Ŷa���b�heiB~[��w$�ev�ǹ tYl�f guh�i�r[i��̀ l�hei�~̀ �yw�ǹ v�vB~̀ ou|��
^̀ ���	bed̀ f geh	i��yxy�̀ sYk�lBs̀ w�vB�̀ lBv��[xys̀ ��xy|�l�s̀ iB [��l�t¡i�s̀ t¡iBs¡~[sYi��yxy�̀ s̀ lBt¡k�lBkmn[oep�oulBhelBoelBs̀ v�l�x�|

k�i�t̀ l�¢W�̀ xy�yl�wy�̀ l�v�~̀ o�oulBs̀ w�r̀ oex�z[x$��l£�Yl��yl�zYl���xy|�¤��

Real-Addr ess Mode Exceptions
¥`¦W§ ¨e©jª7«m¬B«�Y®e¯q`°`¬�®�ª�±[²q¬B©u©u¬B³�´yµ�¶[¬7ªB²[²`®e¬B·�·�µy·�[¸Y´$·}µ�²[¬7´y¹[¬{º	»c¼�½W»c¼�¾�»c¼�¿c»�¼c[®

¦W»�·}¬�ÀY«m¬�±[´�Áyµy«�µ�´�Â
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INSTRUCTION SET REFERENCE

PUSH—Push W ord or Doubleword Onto the Stack (Co ntinued)

Ã̀ Ä�Ä Å�Æ�Ç�È�ÉBÈ�Ề Ë�Ì7Ề Í̀ É�ËuÇBÎ̀ Ï7É�ÆeÆuÉBÐ�Ñ�ÒyÓ[É�Ç�Ï̀ Ï[Ë�É�Ô}Ô�ÒyÔ�Ề Õ[Ñ�Ô�ÒyÏ̀ É�ÑyÖ[É�Ä�Ä¡Ô�ÉB×̀ È�ÉBÎ̀ Ñ�ØyÒyÈmÒ$Ñ�Ù
ÅeÆ	Ñ�Ö[ÉmÎ̀ ÉBÚÛÓ̀ Ç�ØyÕ̀ ÉmÊ[Æ.ÑyÖ̀ ÉmÄcÜÝỀ Ë	Þ�ÄcÜÝËeÉ�×̀ ÒyÔ}Ñ$ÉBË.ÒyÔ�Ê[ÕYÑ$Ô}Ò�Ï[ÉmÑ�Ö[ÉmÔ�Ñ$ÇBÐ�ßàÔ�ÉB×̀ È�É�Î̀ Ñ
ØyÒ$ÈmÒyÑ�Ù

Virtual-8086 Mode Exceptions
á̀ âWã�ä�å̀ æ çeèjé7ê�ëBê�ì̀ íeîqì̀ ï[ëBíeé�ð̀ ñ�ë�è�è�ë�ò£ó�ôyõ[ë{é�ñ[ñ̀ í�ë�ö}ö�ôyö�ì̀ ÷̀ óyö}ôyñ̀ ë7óyø̀ ë�ù.úcû�üWú�û�ýjú�û�þcúcû�ì[í

âWú�ö}ë�ÿYêmë�ð̀ ó���ô$êmôyó��
á̀ ú�ú�äuå̀ æ çeè�é�êmë�ê�ìYíeî7ì̀ ï̀ ëBíué�ð̀ ñ{ë�èuèeë�òBó�ô$õ̀ ë�éBñ̀ ñ[í�ë�ö�ö ôyö�ì̀ ÷[ó�ö�ôyñ̀ ë�óyø[ë�ú�ú¡ö�ëBÿ̀ ê�ë�ð̀ ó��yôyêmôyó��
á̀ ã�þcäuè�éB÷��$ó���ò�ì[ñYë�æ ç�è�é�ï̀ é�ÿ̀ ë�è�é�÷��$ó�ì̀ òBò�÷Yíuö��
á�	Wù.äeå̀ æ çeè é
�yôyÿ̀ ðYê�ëBð[ó�ò�ø̀ ëBò
�̀ ôyð̀ ÿ¡ôyö�ë�ð̀ é���yëBñ éBð̀ ñ éBð¡÷̀ ð̀ é
�yô�ÿ[ð̀ ëBñ êmë�êmì̀ íeî¡í�ë�èeë�í�ë�ð̀ òBë�ôyö

êmé�ñ̀ ë��
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INSTRUCTION SET REFERENCE

REP/REPE/REPZ/REPNE /REPNZ—Repeat String Oper ation Prefix

Descr ip tion
���
���
������������������������������! 
�"��#!���"$!�%�!�'&)(��
�*#�+,����&-�
�.�/�'�
 ��+0���1�������$��2 #����!���0�
�����3����,4�46587�9;:<7,#��,��������=
��$��>���!1��� 
����1) 
#���1!�"����#��)#!+?��$!�>@8AB+6="��)���;��#)=�#��!�'�
�C&-�
��DFE?$��>�;58GB40�0�
����
��70H���58GI5J4��0�
���
��LK>$���=��
�
M����=�70HN�;58GIO>5P46���
���
��LK<$���=����!#��I�
M����=�7�H��;58GL@P40�0����
��LK>$���=��<Q�
�6#'70H��
�!1-��58GIO>@P46���
����
�IK>$���=��
��#��LQ�
��#!78&-���&-#!���� ���
�0�<�!���
+���R��
�;��$���I 
��)(��>�1�1��1S�"#-#!�'�>#�+8��$��>�����������-�����/���0�� ����#!����D
E?$!�>��58G
���0�+6�"RT �
�)(!�U�
1�1��1T��#)��$��UV�O>WLH�X>Y>E8WIH'Z[X>\>W,H']CX�̂>WLH��
�!1)WLECX<W_�����/�"�6�' 
����#��!�3H'��!1S��$��U�;58GI58H
��58GIO>58H��;58G,@CH����1S�258GIO>@[���0�+6��R���; 
��)(��<�F1�1��
1)�"#)��$��>9;Z[GIWB���1)WI9;̀>WB�"�!�3�����! 
����#��'�aD40E8$��
��58GI@[�
�!1-��58GIO>@[�!���
+���R���;�
���>�/b'�!#���b!&-#��!��+�#!��&)�;#'+C��$��>��58GI5[�
�!1-�;58G,O>5c���0�+0��R���/H��6������
 d
���"e!�=�b�D 7fE8$��2('�
$'�
e���#��f#!+f��$�����58Gg�'�6�+0��RS���.���!1��+����'�F1TK>$'�
�T���/�1TK>����$T�!#'��d6�3���������T������������ ����#��!��D
E8$��h�;58GS���0�+0��R!��C�
����=�bU#!�'=�bU��#�#����h���������������������0�� ����#��%����h����&)��D�EN#U�0��!�
����h(�=�#� i�#�+N���!�3�����! 
�"��#!����H
���/�%��$��%]8X>X>Gj���'�/���0�' 
����#'��#��*���#���$!�
�f=�#�#!�'���'�� #����/������ �kD

Opcode Instru ct ion Descri ption

F3 6C REP INS l mon�p , DX Input (E)CX bytes from port DX into ES:[(E)DI]

F3 6D REP INS q rosTtvu , DX Input (E)CX words from port DX into ES:[(E)DI]

F3 6D REP INS w xoy�z{ , DX Input (E)CX doublewords from port DX into ES:[(E)DI]

F3 A4 REP MOVS |;}
~|�} Move (E)CX bytes from DS:[(E)SI] to ES:[(E)DI]

F3 A5 REP MOVS ������
�T�v� Move (E)CX words from DS:[(E)SI] to ES:[(E)DI]

F3 A5 REP MOVS �;�
��
���� Move (E)CX doublewords from DS:[(E)SI] to ES:[(E)DI]

F3 6E REP OUTS DX, � ���;� Output (E)CX bytes from DS:[(E)SI] to port DX

F3 6F REP OUTS DX, � ������� Output (E)CX words from DS:[(E)SI] to port DX

F3 6F REP OUTS DX, � ���;�
� Output (E)CX doublewords from DS:[(E)SI] to port DX

F3 AC REP LODS AL Load (E)CX bytes from DS:[(E)SI] to AL

F3 AD REP LODS AX Load (E)CX words from DS:[(E)SI] to AX

F3 AD REP LODS EAX Load (E)CX doublewords from DS:[(E)SI] to EAX

F3 AA REP STOS �;� Fill (E)CX bytes at ES:[(E)DI] with AL

F3 AB REP STOS ����� Fill (E)CX words at ES:[(E)DI] with AX

F3 AB REP STOS �;�
� Fill (E)CX doublewords at ES:[(E)DI] with EAX

F3 A6 REPE CMPS ��� 
�;� Find nonmatching bytes in ES:[(E)DI] and DS:[(E)SI]

F3 A7 REPE CMPS ¡T¢�£¤
¡�¢v£ Find nonmatching words in ES:[(E)DI] and DS:[(E)SI]

F3 A7 REPE CMPS ¥�¦
§̈
¥;¦§ Find nonmatching doublewords in ES:[(E)DI] and DS:[(E)SI]

F3 AE REPE SCAS ©�ª Find non-AL byte starting at ES:[(E)DI]

F3 AF REPE SCAS «T¬� Find non-AX word starting at ES:[(E)DI]

F3 AF REPE SCAS ®�̄
° Find non-EAX doubleword starting at ES:[(E)DI]

F2 A6 REPNE CMPS ±�²
³±;² Find matching bytes in ES:[(E)DI] and DS:[(E)SI]

F2 A7 REPNE CMPS �́µv¶
·
́Tµ�¶ Find matching words in ES:[(E)DI] and DS:[(E)SI]

F2 A7 REPNE CMPS ;̧¹º
»
̧�¹
º Find matching doublewords in ES:[(E)DI] and DS:[(E)SI]

F2 AE REPNE SCAS ¼2½ Find AL, starting at ES:[(E)DI]

F2 AF REPNE SCAS ¾S¿�À Find AX, starting at ES:[(E)DI]

F2 AF REPNE SCAS Á2Â
Ã Find EAX, starting at ES:[(E)DI]
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REP/REPE/REPZ/REPNE /REPNZ—Repeat String Operation P refix 
(Continued)

Ä>Å�Å?Æ'Ç�È�É!Ê
Ë3Ê-Ì0ÊÍ�Ê
ÎÈ8Í�Ì0Ê
Ç0Ï�Ð'Ê
Ë<ÑÎ
Ò!Ë3Ê-È�É'Ê-Î
Ë�Ë�Æ'Ñ
Ï�Î
È�Ê
ÓÔÏ�Õ'Ë�È�Ì�Ò�ÑÈ�Ï�Æ�ÕÔÈ�ÆÔÖ'Ê-Ì0ÊÍ!Ê
Î
È�Ê
ÓÔÒ'Õ�È�Ï�Å�È�É!Ê×Ñ
Æ!Ò'Õ�È8Ï�Õ
Ì�Ê
Ø!Ï"Ë�È�ÊÌ�Ù�Ú8Û6Ü�ÝÞÏ�ËfÓ!Ê
ÑÌ0Êß)ÊÕ!È"ÊFÓ�È�Æ�à%Ù6Ë3Ê
Ê.È�É�Ê�Ç0Æ�Å�Å�Æ�á>Ï�Õ�Ø%È�Î
Ö!Å"Ê
Ûãâ�Ù�ä0Ç�È�É!Ê.Ñ
Ò�Ì�Ì6Ê
Õ'ÈåÎ
Ó�Ó�Ì0Ê
Ë3Ë/æ�Ë/Ï�ç
Ê.Î
È"È�Ì6Ï"Ö!Ò'È�Ê
Ï�Ë�è!é�ê�Ì�Ê
Ø!Ï�Ë�È�Ê
Ì,Ú8Ü;ÝëÏ�Ë?Ò�Ë/ÊÓ<Î
Ë8Î�ÑÆ�Ò!Õ'È�ÊÌoêåÎ
Õ�Ó<Ï�ÇIÈ�É!Ê�ÎÓ�Ó�Ì0ÊFË3Ë/æ�Ë/Ï"çÊ�Î
È�È�Ì�Ï�Ö�Ò�È�Ê�Ï�Ë%ìãí'ê�È�É�Ê�Ü;ÝîÌ6ÊØ�Ï�Ë/È"Ê
ÌLÏ"Ë
Ò�Ë�Ê
Ó*â Û,ï8É!Ê�ð;Ú8ñIÚ8ê�ð�Ú8ñIò>Ú8ê�ð�Ú8ñIó8ê�Î
Õ'Ó<ð;Ú8ñIò>óÔÍ�Ì0Ê
Ç�Ï�Ð�Ê
Ë�Î
Å�Ë/Æ�Ñ
É�ÊÑ
ô<È�É�Ê2Ë/È"Î
È�Ê�Æ'ÇIÈ�É�Ê�ó8õ×Ç0Å�ÎØ>ÎÇ0È�ÊÌ
ÊÎ
ÑÉ%Ï�È�Ê
Ì0ÎÈ�Ï�Æ�Õ%Î
Õ�ÓUÈ�ÊÌ6ß-Ï�Õ�Î
È�Ê;È�É!Ê;Ì0Ê
Í�Ê
ÎÈ�Å"Æ!Æ�Í%Ï�ÇNÈ�É�Êhó8õ)Ç0Å�Î
ØUÏ�ËCÕ!Æ'È�Ï"Õ%È�É!Ê�Ë/Í�ÊÑ
Ï�Ç0Ï�ÊÓ%Ë�È�ÎÈ�Ê�â�ö÷É'Ê
ÕUÖ�Æ!È�É
È�Ê
Ì�ß-Ï�Õ�Î
È�Ï�Æ!ÕSÑ
Æ!Õ'Ó�Ï�È�Ï�Æ'Õ!ËhÎ
Ì6Ê%È�Ê
Ë�È"Ê
Ó!ê�È�É!Ê%Ñ
Î
Ò'Ë�Ê�Æ!ÇfÎ%Ì6Ê
Í'Ê
Î
È�È�ÊÌ0ß)Ï�Õ�Î
È�Ï�Æ�ÕTÑ
Î
ÕSÖ!Ê%Ó�ÊÈ�ÊÌ6ß-Ï�Õ�Ê
ÓTÊ
Ï"È�É!Ê
ÌfÖ!ø
È�Ê
Ë3È�Ï�Õ'Ø×È�É!Ê�Ù�Ú8Û6Ü2ÝùÌ�Ê
Ø'Ï�Ë�È"Ê
Ì�á>Ï�È�É×Î�ú�Ú8Ü�Ý>óPÏ�Õ�Ë�È�Ì0Ò'Ñ
È�Ï�Æ'Õ×Æ�Ì�Ö!øgÈ�Ê
Ë�È�Ï�Õ�Ø×È�É�Ê<ó8õûÇ�Å�Î
Ø×á>Ï�È"É×Î<ú3óCêNú�ò>ó8ê
ÎÕ�ÓTú�ò>ÚûÏ"Õ!Ë3È�Ì0Ò�Ñ
È�Ï�Æ�Õfâ

öëÉ!ÊÕüÈ�É�Êgð;Ú8ñ,Ú8ý�ð;Ú8ñLóþÎÕ�Óüð;Ú8ñIò<ÚCý"ð;Ú8ñLò�óîÍ�Ì0Ê
Ç�Ï�Ð!Ê
ËSÎ
Ì�ÊgÒ!Ë3Ê
Ó�ê8È�É�Êjó8õÞÇ0Å�Î
ØüÓ!Æ'Ê
ËSÕ!Æ�È.Ì�Ê
ÿ!Ò'Ï�Ì0Ê
Ï�Õ�Ï�È�Ï�Î
Å�Ï�çÎ
È�Ï�Æ�Õ<Ö!ÊÑ
Î
Ò'Ë/Ê�Ö�Æ!È�É�È�É!Ê�Ü��[ñ��×ÎÕ!Ó��IÜ�Ä��×Ï�Õ!Ë3È�Ì�Ò!Ñ
È�Ï"Æ!Õ�Ë�Î
Ç�Ç0ÊÑ
È�È�É�Ê2ó8õ×Ç0Å�ÎØ<Î
Ñ
ÑÆ!Ì0Ó'Ï�Õ'Ø<È�Æ<È�É�Ê
Ì�Ê
Ë�Ò'Å�È�Ë.Æ�ÇfÈ�É�Ê�Ñ
Æ'ß-Í!Î
Ì�Ï�Ë/Æ'Õ�Ë.È�É'Ê
ø�ß-Îô�Ê�â
ÄëÌ�Ê
Í'Ê
ÎÈ�Ï�Õ�Ø>Ë3È�Ì�Ï�Õ'Ø>Æ�Í�ÊÌ6ÎÈ�Ï�Æ!Õ<ÑÎÕ<Ö�Ê�Ë�Ò�Ë�Í�ÊÕ!Ó�ÊÓ<Ö�ø>ÎÕ<Ê
Ð'Ñ
ÊÍ!È"Ï�Æ�Õ<Æ�ÌIÏ�Õ�È�Ê
Ì0Ì0Ò'Í!Èvâ3ö÷É'Ê
Õ<È�É!Ï"Ë8É�ÎÍ!Í'Ê
Õ'Ë/ê
È�É�Ê>Ë�È�ÎÈ�Ê>Æ�ÇCÈ"É!Ê>Ì�Ê
Ø�Ï�Ë/È�ÊÌ0Ë;Ï�Ë�Í!Ì�Ê
Ë�Ê
Ì���Ê
Ó)È�Æ-Î
Å�Å�Æ�áùÈ�É�ÊUË3È�Ì�Ï�Õ�Ø)Æ�Í!Ê
Ì�Î
È�Ï�Æ�Õ-È�Æ)Ö�Ê>Ì6ÊË�Ò�ß)ÊÓ-Ò!Í�Æ�Õ)Î>Ì0ÊÈ�Ò�Ì6Õ
Ç�Ì�Æ!ß È�É'Ê�Ê
Ð'Ñ
Ê
Í'È�Ï�Æ'Õ×Æ�Ì.Ï�Õ'È�Ê
Ì0Ì0Ò�Í'È,É'Î
Õ!Ó'Å�ÊÌkâ!ïCÉ�Ê�Ë3Æ!Ò�Ì�Ñ
ÊTÎ
Õ�ÓjÓ!Ê
Ë3È�Ï�Õ'Î
È�Ï�Æ�ÕgÌ�Ê
Ø�Ï�Ë�È�Ê
Ì0Ë%Í�Æ�Ï�Õ'È,È"Æ×È"É!ÊSÕ!ÊÐ�È
Ë�È"Ì6Ï�Õ�ØTÊ
Å�Êß)ÊÕ!È"Ë.È�ÆSÖ�Ê�Æ�Í�Ê
Ì�Î
È�ÊÓTÆ�Õ�ê�È�É�Ê%Ú8ä6ñ_Ì0Ê
Ø�Ï�Ë�È�ÊÌ*Í�Æ�Ï�Õ�È�Ë�È�ÆSÈ�É�Ê�Ë�È"Ì6Ï"Õ!ØSÏ�Õ'Ë/È�Ì0Ò�Ñ
È�Ï�Æ�Õ�ê�Î
Õ�ÓSÈ�É!Ê%Ú8Ü�Ý
Ì�Ê
Ø!Ï"Ë�È�ÊÌ�É�ÎËCÈ�É�Ê���ÎÅ�Ò!Ê;Ï�È�É�ÊÅ�ÓUÇ0Æ�Å�Å�Æ�á>Ï�Õ�ØUÈ�É!Ê;Å�Î
Ë�È!Ë/Ò'Ñ
Ñ
ÊË/Ë3Ç0Ò�Å!Ï�È�Ê
Ì0ÎÈ�Ï�Æ�Õ%Æ�ÇLÈ�É!Ê;Ï�Õ�Ë/È�Ì0Ò!ÑÈ"Ï�Æ�Õ*âvï8É�Ï�ËCß-Ê
ÑÉ!æ
ÎÕ�Ï�Ë/ß ÎÅ�Å�Æ�á>ËhÅ�Æ�Õ�ØSË/È"Ì6Ï�Õ�ØSÆ�Í�Ê
Ì�Î
È�Ï�Æ�Õ�Ë.È"ÆSÍ�Ì6Æ�ÑÊ
ÊÓTá<Ï�È�É�Æ!Ò'ÈNÎÇ�Ç0ÊÑ
È�Ï�Õ�ØSÈ�É�ÊUÏ�Õ�È�Ê
Ì0Ì0Ò�Í�ÈNÌ0Ê
Ë3Í!Æ�Õ�Ë�ÊUÈ�Ï�ß-Ê%Æ�Ç
È�É�Ê%Ë/ø'Ë/È�Ê
ßüâ
öëÉ!ÊÕTÎUÇ6ÎÒ�Å�ÈNÆ!Ñ
ÑÒ�Ì0ËhÓ!Ò'Ì0Ï�Õ!ØSÈ"É!ÊUÊ
Ð!ÊÑ
Ò�È�Ï�Æ�ÕTÆ�ÇCÎ�Ü	�Pñ
�_Æ!Ì��IÜ;Ä��_Ï�Õ�Ë/È�Ì0Ò�ÑÈ�Ï�Æ�ÕTÈ�É�ÎFÈNÏ�ËhÍ�Ì6ÊÇ0Ï�Ð�ÊÓTá>Ï�È�É
ð2ÚCñIÚgÆ�ÌNð;Ú8ñIò>Ú8êaÈ�É�Ê�Ú?õ
�CÄ�����!ÎÅ"Ò!ÊhÏ�Ë*Ì�Ê
Ë�È�Æ�Ì�Ê
Ó%È�Æ%È�É�Ê.Ë�È�Î
È�ÊhÍ!Ì�Ï�Æ�Ì�È�Æ%È�É�Ê.Ê
Ð�ÊÑ
Ò�È�Ï�Æ�Õ%Æ�Ç�È�É�ÊhÏ�Õ!Ë3È�Ì0Ò!Ñæ
È�Ï�Æ�Õ*â��IÏ�Õ�Ñ
Ê;È�É�Ê	�IÜ�Ä��)ÎÕ�ÓUÜ	�[ñ��SÏ�Õ�Ë�È"Ì6Ò�ÑÈ�Ï�Æ�Õ�ËCÓ�Æ>Õ!Æ�È�Ò�Ë/Ê2Úfõ��8Ä���)ÎË8ÎÕUÏ�Õ�Í!Ò'È�êaÈ�É�Ê;Í�Ì0Æ�Ñ
ÊË/Ë3Æ!ÌLÑ
ÎÕ
Ì�Ê
Ë�Ò�ß-Ê�È"É!Ê�Ï�Õ�Ë�È�Ì0Ò'Ñ
È�Ï�Æ'Õ�Î
Ç�È�Ê
ÌfÈ�É�Ê�Í�ÎØ!Ê%Ç0ÎÒ�Å�È�É!Î
Õ'Ó�Å�Ê
Ìkâ
� Ë3Ê.È�É'Ê.ð�Ú?ñ)ä6ò��SÎ
Õ'Ó%ð2Ú8ñ�� � ï��)Ï�Õ!Ë3È�Ì0Ò!ÑÈ�Ï"Æ!Õ'ËCá>Ï�È�ÉUÑ
Î
Ò'È�Ï�Æ'Õ*âvò>Æ'È!Î
Å�Å�ä�ý�� Í�Æ!Ì�È�ËCÑ
Î
ÕUÉ�ÎÕ!Ó�Å�Ê;È�É�ÊhÌ0ÎÈ�Ê
ÎÈ�á>É�Ï�Ñ
ÉTÈ�É�Ê
Ë3Ê2Ï"Õ!Ë3È�Ì0Ò�ÑÈ�Ï�Æ�Õ�Ë.ÊÐ�Ê
Ñ
Ò�È�Ê�â
Äþð2ÚCñ��Iï����_Ï�Õ!Ë3È�Ì�Ò!Ñ
È�Ï"Æ!ÕSÏ�Ë.È�É�Ê%Ç6ÎË�È�Ê
Ë�È�á>Î
øSÈ�ÆSÏ�Õ!Ï�È"Ï�Î
Å�Ï�ç
Ê�Î%Å�Î
Ì�Ø�Ê�Ö�Å�Æ�Ñ
ôTÆ�Çfß)Ê
ß-Æ'Ì0ø'â

Repeat Prefix Termination Condi tion 1 Termination Condit ion 2

REP ECX � 0 None

REPE/REPZ ECX � 0 ZF � 0
REPNE/REPNZ ECX � 0 ZF � 1
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REP/REPE/REPZ/REPNE /REPNZ—Repeat String Oper ation Prefix 
(Continued)

Operation

IF AddressSize �  16
THEN 

use CX for CountReg;
ELSE (* AddressSize �  32 *) 

use ECX for CountReg;
FI;
WHILE CountReg   0

DO
service pending interrupts (if any);
execute associated string instruction;
CountReg !  CountReg – 1;
IF CountReg "  0

THEN exit WHILE loop
FI;
IF (repeat prefix is REPZ or REPE) AND (ZF# 0)
OR (repeat prefix is REPNZ or REPNE) AND (ZF$ 1)

THEN exit WHILE loop
FI;

OD;

Flags Af fected
%�&('()+*-,.&(/�)102)1354768,.):9�;=<�>@?1'(AB>�9�C�>@D�'2E�6�3�F(GH6�D8&('.EIA.&JE�)16K68,()LEM6�?H6�F2E�N�O8?1P.EQD8'B6�,2)SRUT�V�CKW�>
3X)HP(D8EY68)13[Z

Exceptions (All Operating Modes)
\�](̂(_àMb(](c�_1d._Hegf1_Hh(i1_Hj.k8l5].̂(m�i1nĤpo._rq._1̂(_HeXn1k8_Hsto(upk8b(_-l8̂(m�k�e�v(i1k8l8](̂pn-e�_1j(_Hn1kwj(e�_1xXl8htl5m�n1m�m�](i1l8nHk8_1spc�l8k8b�y
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RET—Return from P rocedure

Descript ion
z�{�|1}.~M�X�H{�~��.{X�(�({X|H���1�(}(��{��(���8��|�{��1�8�({X}I|H�(�.{��1~�~��8�(�H|1�8�1���.}��8�(���8�2�Q�(���8�(��~Y�8|1�H���(z��.��|H�.�({X�H~Y~��5~
�(~��(|1�8�8���(�8|H�1�H���(}��8�(�7~Y�8|1�H���(��|��	���U���5}.~M�8{X�.�H�8�8�(}(��|1}.���8�(��{��1�8�({X}��8~���|1�(�7�8���8�.�t�8}.~M��{��.�1�8�5�.}��8�(|H�
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Opcode Inst ructi on Desc ription

C3 RET Near return to calling procedure

CB RET Far return to calling procedure

C2 ÃÅÄ RET Æ Ç^Ç È½É Near return to calling procedure and pop Ê Ë^Ë ÌÂÍ  bytes 
from stack

CA ÎÅÏ RET Ð Ñ^Ñ Ò½Ó Far return to calling procedure and pop Ô Õ^Õ ÖÂ×  bytes from 
stack
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Ø�Ù�Ú̂ Û5Ú�Ü�Ù�Ý�Þ�ß�Ü�àRá�âlÝ�Þ«ß!Þ�ã�Ú�ä�å�æ�ä	ß�ç�ß�è�Ú�é�Ú�å�è�Ú�ç�Ú�è�â	Ý�ä̈ ä	Ú�ã�ê�ä	ÞKÝ�ä(Ú̂ àªß�Û5ß!è�Ý�älã�áKÝ�Þ«ß�Þ�ã�Ú�ä	à7Ú�é�Û2Ú�Þ�ã�ä	Ú�ã�ê�ä	Þ�ë©Ú�ì�Ü�Ú�æ�ã
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àLá�ê�ä	Ü�ÚKá�æ�Ú�ä�Ý�Þ�í2Û5ê)à7ã ï ÚJê�àªÚ�í2ðKß�ã�Ù2ã�Ù�ÚKù<õ�Øýß�Þ�à7ã�ä	ê)Ü�ã�ß�á�Þ2ã!á2ä(Ú�è�Ú�Ý�àªÚKã�Ù�ÚKæ�Ý�ä(Ý�Û5Ú�ã�Ú�ä�à<á�Þ2ã!Ù�ÚKä�Ú�ã�ê�ä�Þ+ñ
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Operation

(* Near return *)
IF instruction =  near return 

THEN;
IF OperandSize >  32

THEN
IF top 12 bytes of stack not within stack limits THEN #SS(0); FI;
EIP ?  Pop();

ELSE (* OperandSize @  16 *)
IF top 6 bytes of stack not within stack limits

THEN #SS(0)
FI;
tempEIP A  Pop();
tempEIP B  tempEIP AND 0000FFFFH;
IF tempEIP not within code segment limits THEN #GP(0); FI;
EIP C  tempEIP;

FI;
IF instruction has immediate operand 

THEN IF StackAddressSizeD 32
THEN 

ESP E  ESP F  SRC; (* release parameters from stack *)
ELSE (* StackAddressSizeG 16 *)

SP H  SP I  SRC; (* release parameters from stack *)
FI;

FI;

(* Real-address mode or virtual-8086 mode *)
IF ((PE J  0) OR (PE K  1 AND VM L  1)) AND instruction M  far return

THEN;
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IF OperandSize N  32
THEN

IF top 12 bytes of stack not within stack limits THEN #SS(0); FI;
EIP O  Pop();
CS P  Pop(); (* 32-bit pop, high-order 16 bits discarded *)

ELSE (* OperandSize Q  16 *)
IF top 6 bytes of stack not within stack limits THEN #SS(0); FI;
tempEIP R  Pop();
tempEIP S  tempEIP AND 0000FFFFH;
IF tempEIP not within code segment limits THEN #GP(0); FI;
EIP T  tempEIP;
CS U  Pop(); (* 16-bit pop *)

FI;
IF instruction has immediate operand 

THEN 
SP V  SP W  (SRC AND FFFFH); (* release parameters from stack *)

FI;
FI;

(* Protected mode, not virtual-8086 mode *)
IF (PE X  1 AND VM Y  0) AND instruction Z  far RET

THEN
IF OperandSize [  32

THEN 
IF second doubleword on stack is not within stack limits THEN #SS(0); FI;

ELSE (* OperandSize \  16 *)
IF second word on stack is not within stack limits THEN #SS(0); FI;

FI;
IF return code segment selector is null THEN GP(0); FI;
IF return code segment selector addrsses descriptor beyond diescriptor table limit 

THEN GP(selector; FI;
Obtain descriptor to which return code segment selector points from descriptor table
IF return code segment descriptor is not a code segment THEN #GP(selector); FI;
if return code segment selector RPL ]  CPL THEN #GP(selector); FI;
IF return code segment descriptor is conforming

AND return code segment DPL ̂  return code segment selector RPL
THEN #GP(selector); FI;

IF return code segment descriptor is not present THEN #NP(selector); FI:
IF return code segment selector RPL _  CPL 

THEN GOTO RETURN-OUTER-PRIVILEGE-LEVEL;
ELSE GOTO RETURN-TO-SAME-PRIVILEGE-LEVEL

FI;
END;FI;
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RETURN-SAME-PRIVILEGE-LEVEL:
IF the return instruction pointer is not within ther return code segment limit 

THEN #GP(0); 
FI;
IF OperandSizè 32

THEN
EIP a  Pop();
CS b  Pop(); (* 32-bit pop, high-order 16 bits discarded *)
ESP c  ESP d  SRC; (* release parameters from stack *)

ELSE (* OperandSizee 16 *)
EIP f  Pop();
EIP g  EIP AND 0000FFFFH;
CS h  Pop(); (* 16-bit pop *)
ESP i  ESP j  SRC; (* release parameters from stack *)

FI;

RETURN-OUTER-PRIVILEGE-LEVEL:
IF top (16 k  SRC) bytes of stack are not within stack limits (OperandSizel 32) 

OR top (8 m  SRC) bytes of stack are not within stack limits (OperandSizen 16)
THEN #SS(0); FI;

FI;
Read return segment selector;
IF stack segment selector is null THEN #GP(0); FI;
IF return stack segment selector index is not within its descriptor table limits

THEN #GP(selector); FI;
Read segment descriptor pointed to by return segment selector;
IF stack segment selector RPL o  RPL of the return code segment selector

OR stack segment is not a writable data segment
OR stack segment descriptor DPL p  RPL of the return code segment selector

THEN #GP(selector); FI;
IF stack segment not present THEN #SS(StackSegmentSelector); FI;

IF the return instruction pointer is not within the return code segment limit THEN #GP(0); FI:
 CPL q  ReturnCodeSegmentSelector(RPL);
IF OperandSizer 32

THEN
EIP s  Pop();
CS t  Pop(); (* 32-bit pop, high-order 16 bits discarded *)
 (* segment descriptor information also loaded *)
CS(RPL) u  CPL;
ESP v  ESP w  SRC; (* release parameters from called procedure’s stack *)
tempESP x  Pop();
tempSS y  Pop(); (* 32-bit pop, high-order 16 bits discarded *)
 (* segment descriptor information also loaded *)
ESP z  tempESP;
SS {  tempSS;
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ELSE (* OperandSize| 16 *)
EIP }  Pop();
EIP ~  EIP AND 0000FFFFH;
CS �  Pop(); (* 16-bit pop; segment descriptor information also loaded *)
CS(RPL) �  CPL;
ESP �  ESP �  SRC; (* release parameters from called procedure’s stack *)
tempESP �  Pop();
tempSS �  Pop(); (* 16-bit pop; segment descriptor information also loaded *)
 (* segment descriptor information also loaded *)
ESP �  tempESP;
SS �  tempSS;

FI;
FOR each of segment register (ES, FS, GS, and DS)

DO;
IF segment register points to data or non-conforming code segment
AND CPL �  segment descriptor DPL; (* DPL in hidden part of segment register *)

THEN (* segment register invalid *)
SegmentSelector �  0; (* null segment selector *)

FI;
OD;

For each of ES, FS, GS, and DS
DO

IF segment selector index is not within descriptor table limits
OR segment descriptor indicates the segment is not a data or 

readable code segment
OR if the segment is a data or non-conforming code segment and the segment

descriptor’s DPL �  CPL or RPL of code segment’s segment selector
THEN

segment selector register �  null selector;
OD;
ESP �  ESP �  SRC; (* release parameters from calling procedure’s stack *)

Flags Af fected
������!�
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NOTE:

* Not the same form of division as IDIV; rounding is toward negative infinity.

Opcode Instru cti on Descri ption

D0 /4 SAL ½ ¾À¿ZÁ Multiply Â Ã�Ä_Å  by 2, 1 time 

D2 /4 SAL Æ ÇÀÈZÉ ,CL Multiply Ê Ë�Ì_Í by 2, CL times

C0 /4 Î Ï SAL Ð ÑÀÒZÓ�Ô Õ ÒZÒRÓ Multiply Ö ×�Ø_Ù  by 2, Ú Û_ÛZÜ  times

D1 /4 SAL Ý ÞÀßpà@á Multiply â ã�ä�åTæ  by 2, 1 time

D3 /4 SAL ç èÀépê@ë ,CL Multiply ì í�î�ïTð  by 2, CL times

C1 /4 ñ ò SAL ó ôÀõpö@÷�ø ù õZõ_ú Multiply û ü�ý�þTÿ  by 2, � �����  times

D1 /4 SAL � ����	�
 Multiply � ������  by 2, 1 time

D3 /4 SAL � ������� ,CL Multiply � �������  by 2, CL times

C1 /4 � � SAL  !#"�$�%'& ( "�"�) Multiply * +�,�-�.  by 2, / 0�0�1  times

D0 /7 SAR 2 3�4�5 Signed divide* 6 7�8�9  by 2, 1 time

D2 /7 SAR : ;�<�= ,CL Signed divide* > ?�@�A  by 2, CL times

C0 /7 B C SAR D E�F�G'H I F�F�G Signed divide* J K�L�M  by 2, N O�O�P  times

D1 /7 SAR Q R�SUTWV Signed divide* X Y�Z\[^]  by 2, 1 time

D3 /7 SAR _ `�aUbWc ,CL Signed divide* d e�f\g^h  by 2, CL times

C1 /7 i j SAR k l�mUnWo'p q m�m�r Signed divide* s t#uwv^x  by 2, y z�z�{  times

D1 /7 SAR | }�~��'� Signed divide* � �������  by 2, 1 time

D3 /7 SAR � �����'� ,CL Signed divide* � �#�����  by 2, CL times

C1 /7 � � SAR � �����'�'� � ����� Signed divide* � �#�����  by 2, �  � �¡  times

D0 /4 SHL ¢ £�¤�¥ Multiply ¦ §�¨�©  by 2, 1 time

D2 /4 SHL ª «�¬� ,CL Multiply ® ¯�°�±  by 2, CL times

C0 /4 ² ³ SHL ´ µ�¶�·'¸ ¹ ¶�¶�· Multiply º »�¼�½  by 2, ¾ ¿�¿�À  times

D1 /4 SHL Á Â�ÃwÄWÅ Multiply Æ Ç�È\É^Ê  by 2, 1 time

D3 /4 SHL Ë Ì�ÍwÎWÏ ,CL Multiply Ð Ñ�Ò\Ó^Ô  by 2, CL times

C1 /4 Õ Ö SHL × Ø�ÙwÚWÛ�Ü Ý Ù�Ù�Þ Multiply ß à�á\â^ã  by 2, ä å�å�æ  times

D1 /4 SHL ç è�é�ê'ë Multiply ì í�î�ï�ð  by 2, 1 time

D3 /4 SHL ñ ò�ó�ô'õ ,CL Multiply ö ÷�ø�ù�ú  by 2, CL times

C1 /4 û ü SHL ý þ�ÿ������ � ÿ�ÿ�� Multiply 	 
�����  by 2, � �����  times

D0 /5 SHR � ����� Unsigned divide � �����  by 2, 1 time

D2 /5 SHR � ����� ,CL Unsigned divide  !�"�#  by 2, CL times

C0 /5 $ % SHR & '�(�)�* + (�(�) Unsigned divide , -�.�/  by 2, 0 1�1�2  times

D1 /5 SHR 3 4�57698 Unsigned divide : ;�<7=9>  by 2, 1 time

D3 /5 SHR ? @�A7B9C ,CL Unsigned divide D E�F7G9H  by 2, CL times

C1 /5 I J SHR K L�M7NPO�Q R M�M�S Unsigned divide T U�V7W9X  by 2, Y Z�Z�[  times

D1 /5 SHR \ ]�^�_�` Unsigned divide a b�c�d�e  by 2, 1 time

D3 /5 SHR f g�h�i�j ,CL Unsigned divide k l�m�n�o  by 2, CL times

C1 /5 p q SHR r s�t�u�v�w x t�t�y Unsigned divide z {�|�}�~  by 2, � �����  times
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IA-32 Archit ecture  Compatibilit y
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Â�Ã#ÄVÅ2¼	«�́�¦�¬O¬O«#¼�¬\Æ	¬O®1°�¼�®�²12Ç�º
²�®1¥�®1¥2¦
À�#®�¦�¿#Ä2§#©�Å�¼	«2́�¦�¬,¬,«�¼	ÈGª#«�̄�°�¬,±V®�¥#¦P¬,¥2²1³�®#́�«#¶2�®<®�«�É�Ê#²�®�¬,½2¼�¦�¬O¶#¿�®�²��Ç�²�V°T̄A°�Ë�²�̄�¶�̄Ì́�«#¶2�®<«�³ZÃWÍ#·]¤B¥#²�¬
�̄°�¬,±�²��ÇÎ²�¬�ª�«�2¦Ï²�N°�¿�¿�«�Å2¦�¼	°�®�²�#ÇÎ̄�«2ª�¦�¬�Æ�²12́�¿�¶�ª#²�2ÇN®�¥#¦Ð»#²�¼	®�¶#°�¿�Â�§#̈�§2©Î̄�«#ª2¦�È�®�«N¼�¦�ª�¶�́�¦Ñ®1¥2¦
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Operation

tempCOUNT Ó  (COUNT AND 1FH);
tempDEST Ô  DEST;
WHILE (tempCOUNT Õ  0)
DO

IF instruction is SAL or SHL
THEN 

CF Ö  MSB(DEST);
ELSE (* instruction is SAR or SHR *)

CF ×  LSB(DEST);
FI;
IF instruction is SAL or SHL

THEN 
DEST Ø  DEST Ù  2;

ELSE 
IF instruction is SAR

THEN 
DEST Ú  DEST Û  2 (*Signed divide, rounding toward negative infinity*);

ELSE (* instruction is SHR *)
DEST Ü  DEST Ý  2 ; (* Unsigned divide *);

FI;
FI;
tempCOUNT Þ  tempCOUNT – 1;

OD;
(* Determine overflow for the various instructions *)
IF (COUNT and 1FH) ß  1

THEN
IF instruction is SAL or SHL

THEN 
OF à  MSB(DEST) XOR CF;

ELSE 
IF instruction is SAR

THEN 
OF á  0;

ELSE (* instruction is SHR *)
OF â  MSB(tempDEST);

FI;



3-706

INSTRUCTION SET REFERENCE

SAL/SAR/SHL/SHR—Shif t (Continued)

FI;
ELSE IF (COUNT AND 1FH) ã  0

THEN
All flags remain unchanged;

ELSE (* COUNT neither 1 or 0 *)
OF ä  undefined;

FI;
FI;

Flags Af fected
å=æ#ç�èPé£ê	ë�ì�í�î�ï2ð�ñ�ì�ò�ð�ó_ñ�æ�ç
ô�ì�ë�õ�ç
ï�êBñ�æ�ç
ë�ì�ó,ñ&ö�ò�ñ&ó]æ2ò�ê	ñ�ç�÷�ï�õ�ñ&ï#êBñ1æ2ç
÷�ç�ó,ñ�ò�ð�ì�ñ�ò�ï�ðAï�ø#ç�ù�ì�ð�÷�ú̂ ò�ñGò�óPõ�ð#÷2ç�û
ê	ò�ð�ç�÷�ê	ï2ùZüGý
þ4ì�ð�÷�ü&ý�ÿ�ò�ð�ó,ñ�ù	õ�î�ñ�ò�ï�ð2ó���æ2ç�ù�çTñ�æ�çTî�ï�õ�ð�ñ<ò�ó í�ù�ç�ì�ñ�ç�ùZñ�æ�ì�ð�ï2ùWç���õ�ì�ë<ñ�ï�ñ�æ2çTó]ò���ç���ò�ðVö�ò�ñ�ó	�
ï�ê�ñ�æ#ç0÷�ç�óOñ�ò�ð�ì�ñ�ò�ï�ð�ï2ø�ç�ù�ì�ð2÷�
Gå�æ�ç�
é ê	ë�ì�í�ò�ó�ì�ê�ê�çpî�ñ1ç�÷�ï2ð#ë��|ê	ï2ù���û�ö2ò1ñTó,æ2ò�ê	ñ�ó���ó,ç�ç���������������� ����!#"%$
&(' )#* +(,.-/) 0�1 +�2�3�4�56+(784�0%4�5:9#; < +(=>4?;#+(<�@6AB1 +DCFE87HG:E87H&�;#<JIFEK=ML�&(N#5:&(2M+O5	+�0%&�P(P�)#2�< 4�; N�0�)Q0�1 +R2>+�5�9#L?0S@6T�=U0�1 +
P() 9#; 0V4�5�W 7%0�1 +�=�L�&�N 5X&�2�+R; ) 0Y&(=Z=M+(P�0�+(<[@/EF) 2\&R; ) ;#]�̂�+(2M)_P�) 9 ;#0�7%0�1 +�̀�E�=�L�&�N_4�5a9#;%<#+�=�4�; +�<�@

Protected Mode Excep tions
b%c�dUe�f g h>i\j�k l�m l�n�j�o�p q�j?o�r p_o�nXs�r t�q(j�l(m_o�puqvp r#p%wMx�y�o�j�q(z s�lRn	l({ |}l�p%j�~

h>i�qu|Kl�|}r y���r#� l(yMq(p#m�l�i>iMl�t(j�o?�#l_q�m m yMl�n	nRo�nRr � j�n6o?m#l_j�k#lu�D�[�V���U�V�:�[�V�U�F�Ur#y
c���n	l�{%|Kl�p#jYs�o�|}o?jS~
h>i\j�k lR�u�U� ���F� �F�U�%r#y\c���y�l�{ o�n	j�l(y�t(r#p j�q�o�p nXqvp �#s�s�n�l�{ |Kl�p jYn	l�s�l�t(j?r#yS~

b �F�FeMf g h>i\q�|}l(|}r y��ur �#l(yMq(p mul�i>iMl�t(j�o�� l�q(m m#y�l�n	nXo�nXr �#j�n�o�m l�j�k l��F��n�l�{ |Kl�p jYs�o�|Ko�jS~
b%dU�Ue�iMq(�#s?j�wMt�r m%l�g h>i\qv�#q�{ lviMq�� s�jYr t�t(� y>nH~
b �J�DeMf g hMiDq�s�o�{ p%|�l(p j�t(k l(t��#o�p {�o�nQl�p q(z#s?l�m�q�p m�q(p��#p%q�s�o�{ p l(m�|}l(|Kr#yM��y>l(iMl(yMl(p t�l�o?n

|}q�m lvx�k o�s�l�j�k l�t�� y�y>l(p jY� yMo?�#o�s?l�{%l�s�l��%l�sYo�nX��~

Real-Addr ess Mode Exceptions
� ��� �M�B�u�K�(���%�M��� � ������ #¡��(�>�>�(¢�£�¤?¥#�u�(¡#¡ �M�(¦6¦�¤�¦R�#§%£�¦	¤?¡#�u£�¨#�_©DªF«V¬�ªF«V:ªF«V®FªU«F�#�

��ª�¦	��¯%�K�� #£Y°�¤��}¤?£S±
� ªFª �>�\���}�(�}� ���u� �#�(�M�(  ¡u���>�M��¢(£�¤�¥ ���(¡ ¡#����¦6¦a¤�¦X� §#£�¦�¤�¡ ��£�¨ ��ªFª�¦���¯ �K��  £Y°�¤��K¤�£S±
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SAL/SAR/S HL/SHR—Shif t (Continued)

Virtual-8086 Mode Exceptions
² ³�́Uµ�¶ · M̧¹Bºu»}¼(»}½ ¾M¿�½ À#¼(¾Mº�Á Â�¼�¹Z¹�¼�Ã�Ä?Å�Æ#¼_º�Â#Â ¾�¼�Ç	ÇRÅ�ÇR½ È Ä�Ç	Å�Â ¼uÄ�É ¼JÊOËFÌVÍ�ËUÌUÎBËUÌVÏFËFÌV½#¾

³�Ë�Ç	¼�Ð%»K¼�Á Ä�Ñ?Å�»KÅ�ÄSÒ
² ËUË[µ>¶ · M̧¹�º�»K¼�»}½%¾M¿u½ À ¼(¾>º�Á Â_¼�¹>¹M¼�Ã(Ä?Å�Æ ¼�º(Â Â#¾�¼�Ç6ÇaÅ�ÇX½ È#Ä?Ç6Å�Â ¼vÄ�É#¼vËUË�Ç6¼(Ð »}¼�Á ÄYÑ�Å�»KÅ�ÄSÒ
² ́UÏFµ>¹�º(È Ñ�Ä�Ó�Ã�½#Â%¼�· �̧¹�ºvÀ º�Ð ¼�¹�º�È Ñ�ÄY½ Ã(Ã�È%¾>ÇHÒ
² Ô�ÊOµM¶ · M̧¹aº�Ñ�Å�Ð Á%»}¼(Á#Ä:Ã�É ¼(Ã�Õ Å�Á Ð�Å�ÇQ¼�Á º(Ö Ñ�¼(Â�º(Á Â�º(Á�È Á º�Ñ�Å?Ð#Á ¼(Â�»K¼�»K½ ¾M¿�¾�¼�¹M¼�¾�¼�Á Ã(¼}Å�Ç

»Kº�Â ¼�Ò
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STD—Set Direct ion Flag

Descr ip tion
×FØ(Ù�ÚXÙ�Û ØvÜ�Ý�Þ>ß�à�á_â�ã_Ù�Û Øvä:ÝFå:æ�ç�×�è>Ø�á â�Ú�Ù�Ø(è�é�êëÛ%Ø�ã_Ù�Û#ØQÜ�Ý�Þ�ß�à�á_â�ÚXÚ	Ø(ÙYÙ�ì�í.î Ú�Ù�èMâ�ã#á�ì ï#Ø�è�à�Ù�â�ì ã ÚXð Ø�ñ�èMØ�ò
ó Ø�ã ÙYÙ�Û#Øvâ�ã%ð Ø�ô_èMØ(á â�Ú6Ù�Ø�è�ÚXõMä:×Fö�à(ã#ð ÷�ì è�ä:Ü�ö�ø.é

Operation

DF ù  1;

Flags Af fected
ú:û ü�ýJþ�ÿ����������	�6ü�
�/ú:û#ü��Oþ�����þ����:þ����Uþ�����þ����������Uþ�ÿ����������� Mü"!�����ÿZÿ�ü�#�
�ü��$�

Exceptions (All Operating Modes)
%'&�(�)+*

Opcode Instru ct ion Descri ption

FD STD Set DF flag


