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,QVHUW�WKH�IROORZLQJ�VHFWLRQV�DIWHU�����
����7\SH�&RPSDWLELOLW\�
6RPH�6\VWHP9HULORJ�FRQVWUXFWV�DQG�RSHUDWLRQV�UHTXLUH�D�FHUWDLQ�OHYHO�RI�W\SH�FRPSDWLELOLW\�IRU�WKHLU�RSHUDQGV�WR�EH OHJDO��7KHUH�DUH�IRXU�OHYHOV�RI�W\SH�FRPSDWLELOLW\��IRUPDOO\�GHILQHG�KHUH��(TXLYDOHQW��$VVLJQPHQW�&RPSDWL�EOH��&DVW�&RPSDWLEOH��DQG�1RQ�(TXLYDOHQW���1RWH�WKDW�WKHUH�LV�QR�FDWHJRU\�IRU�LGHQWLFDO�W\SHV�GHILQHG�KHUH�EHFDXVH�WKHUH�LV�QR�FRQVWUXFW�LQ�WKH�6\VWHP9HU�LORJ�ODQJXDJH�WKDW�UHTXLUHV�LW��)RU�H[DPSOH��DV�GHILQHG�EHORZ��µLQW¶ PD\�EH�LQWHUFKDQJHG�ZLWK�µELW�VLJQHG�
>����@¶ ZKHUHYHU�LW�LV�V\QWDFWLFDOO\�OHJDO�WR�GR�VR��8VHUV�PD\�GHILQH�WKHLU�RZQ�OHYHO�RI�W\SH�LGHQWLW\�E\�XVLQJ�
WKH��W\SHQDPH�V\VWHP�IXQFWLRQ��6HH�VHFWLRQ������7\SHQDPH�IXQFWLRQ���RU�WKURXJK�XVH�RI�WKH�3/,��
������(TXLYDOHQW�7\SHV�
7ZR�GDWD�W\SHV�VKDOO�EH�GHILQHG�DV�HTXLYDOHQW�GDWD�W\SHV�XVLQJ�WKH�IROORZLQJ�LQGXFWLYH�GHILQLWLRQ��,I�WKH�WZR�GDWD�W\SHV�DUH�QRW�GHILQHG�HTXLYDOHQW�XVLQJ�WKH�IROORZLQJ�GHILQLWLRQ�WKHQ�WKH\�VKDOO�EH�GHILQHG�WR�EH�QRQ�HTXLYDOHQW��� ��� $Q\�EXLOW�LQ�W\SH�LV�HTXLYDOHQW�WR�HYHU\�RWKHU�RFFXUUHQFH�RI�LWVHOI��LQ�HYHU\�VFRSH����� $�VLPSOH�W\SHGHI�RU�W\SH�SDUDPHWHU�RYHUULGH�WKDW�UHQDPHV�D�EXLOW�LQ�RU�XVHU�GHILQHG�W\SH�LV�HTXLYDOHQW�WR�WKDW�EXLOW�LQ�RU�XVHU�GHILQHG�W\SH�ZLWKLQ�WKH�VFRSH�RI�WKH�W\SH�LGHQWLILHU��

W\SHGHI�ELW�QRGH�����µELW¶�DQG�µQRGH¶�DUH�HTXLYDOHQW�W\SHV�
W\SHGHI�W\SH��W\SH������µW\SH�¶�DQG�µW\SH�¶�DUH�HTXLYDOHQW�W\SHV�

��� $Q�DQRQ\PRXV�HQXP� VWUXFW� RU�XQLRQ�W\SH�LV�HTXLYDOHQW�WR�LWVHOI�DPRQJ�YDULDEOHV�GHFODUHG�ZLWKLQ�
WKH�VDPH�GHFODUDWLRQ�VWDWHPHQW�DQG�QR�RWKHU�W\SHV��

VWUXFW�^LQW�$��LQW�%�`�$%���$%������$%���$%��KDYH�HTXLYDOHQW�W\SHV�
VWUXFW�^LQW�$��LQW�%�`�$%������$%��LV�QRW�W\SH�HTXLYDOHQW�WR�$%��

��� $�XVHU�GHILQHG�W\SH��$�W\SHGHI�IRU�DQ�HQXP� XQSDFNHG�VWUXFW� RU�XQSDFNHG�XQLRQ���RU�D�FODVV�
LV�HTXLYDOHQW�WR�LWVHOI�DQG�YDULDEOHV�GHFODUHG�XVLQJ�WKDW�W\SH�ZLWKLQ�WKH�VFRSH�RI�WKH�W\SH�LGHQWLILHU��

W\SHGHI�VWUXFW�^LQW�$��LQW�%�`�$%BW��
$%BW�$%���$%BW�$%�������$%��DQG�$%��KDYH�HTXLYDOHQW�W\SHV�
W\SHGHI�VWUXFW�^LQW�$��LQW�%�`�RWKHU$%BW��
RWKHU$%BW�$%��� ���$%��LV�QRW�W\SH�HTXLYDOHQW�WR�$%��RU�$%��

��� 3DFNHG�DUUD\V��SDFNHG�VWUXFWXUHV��DQG�EXLOW�LQ�LQWHJUDO�W\SHV�DUH�HTXLYDOHQW�LI�WKH\�FRQWDLQ�WKH�VDPH�QXPEHU�RI�WRWDO�ELWV��DUH�HLWKHU�DOO���VWDWH�RU�DOO���VWDWH��DQG�DUH�HLWKHU�DOO�VLJQHG�RU�DOO�XQVLJQHG��1RWH�WKDW�LI�DQ\�ELW�RI�D�SDFNHG�VWUXFWXUH�RU�XQLRQ�LV���VWDWH��WKH�HQWLUH�VWUXFWXUH�RU�XQLRQ�LV�FRQVLGHUHG���VWDWH��
W\SHGHI�ELW�VLJQHG�>���@%<7(������HTXLYDOHQW�WR�WKH�E\WH�W\SH�
W\SHGHI�VWUXFW�SDFNHG�VLJQHG�^ELW>���@�D�E�`�XLQW����

���HTXLYDOHQW�WR�WKH�E\WH�W\SH�
��� 8QSDFNHG�DUUD\�W\SHV�DUH�HTXLYDOHQW�E\�KDYLQJ�HTXLYDOHQW�HOHPHQW�W\SHV�DQG�LGHQWLFDO�VKDSH��6KDSH�LV�GHILQHG�DV�WKH�QXPEHU�RI�GLPHQVLRQV�DQG�WKH�QXPEHU�RI�HOHPHQWV�LQ�HDFK�GLPHQVLRQ��QRW�WKH�DFWXDO�UDQJH�RI�WKH�GLPHQVLRQ��

ELW�>���@��$>���@��
ELW�>����@�%>�@���
W\SHGHI�ELW�>����@�XLQW����
XLQW���&>���@�����$��%�DQG�&�KDYH�HTXLYDOHQW�W\SHV�
W\SHGHI�LQW�DQLQW>���@�����DQLQW�LV�QRW�W\SH�HTXLYDOHQW�WR�LQW�

��� ([SOLFLWO\�DGGLQJ�VLJQHG�RU�XQVLJQHG�PRGLILHUV�WR�D�W\SH�WKDW�GRHV�QRW�FKDQJH�LWV�GHIDXOW�VLJQLQJ��GRHV�QRW�FUHDWH�D�QHZ�W\SH��2WKHUZLVH��WKH�VLJQLQJ�PXVW�PDWFK�WR�KDYH�HTXLYDOHQFH�
typedef bit unsigned ubit; // type equivalent to bit 
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��� $�XVHU�GHILQHG�W\SH�GHFODUHG�LQ�D�SDFNDJH�LV�DOZD\V�HTXLYDOHQW�WR�LWVHOI��UHJDUGOHVV�RI�WKH�VFRSH�ZKHUH�WKH�W\SH�LV�LPSRUWHG����7KH�VFRSH�RI�D�W\SH�LGHQWLILHU�LQFOXGHV�WKH�KLHUDUFKLFDO�LQVWDQFH�VFRSH��7KLV�PHDQV�WKDW�HDFK�LQVWDQFH�ZLWK�XVHU�GHILQHG�W\SHV�GHFODUHG�LQVLGH�WKH�LQVWDQFH�FUHDWHV�D�XQLTXH�W\SH��7R�KDYH�W\SH�HTXLYDOHQFH�DPRQJ�PXOWLSOH�LQ�VWDQFHV�RI�WKH�VDPH�PRGXOH��LQWHUIDFH��RU�SURJUDP��D�W\SH�PXVW�EH�GHFODUHG�DW�KLJKHU�OHYHO�LQ�WKH�FRPSLODWLRQ�XQLW�VFRSH�WKDQ�WKH�GHFODUDWLRQ�RI�WKH�PRGXOH��LQWHUIDFH�RU�SURJUDP��RU�LPSRUWHG�IURP�D�SDFNDJH���7KH�IROORZLQJ�H[DPSOH�LV�DVVXPHG�WR�EH�ZLWKLQ�RQH�FRPSLODWLRQ�XQLW��DOWKRXJK�WKH�SDFNDJH�GHFODUDWLRQ�QHHG�QRW�EH�LQ�WKH�VDPH�XQLW���
package p1; 

typedef struct {int A;} t_1; 

endpackage 

typedef struct {int A;} t_2; 

module sub(); 

 import p1:t_1; 

parameter type t_3 = int; 

 parameter type t_4 = int; 

 typedef struct {int A;} t_5; 

 t_1 v1; t_2 v2; t_3 v3; t_4 v4; t_5 v5; 

endmodule 

module top(); 

 typedef struct {int A;} t_6; 

 sub #(.t_3(t_6)) s1 (); 

 sub #(.t_3(t_6)) s2 (); 

 initial begin 

 s1.v1 = s2.v1; // legal - both types from package p1 (rule 8) 

 s1.v2 = s2.v2; // legal - both types from $unit (rule 4) 

 s1.v3 = s2.v3; // legal - both types from top (rule 2) 

 s1.v4 = s2.v4; // legal - both types are int (rule 1) 

 s1.v5 = s2.v5; // illegal - types from s1 and s2 (rule 4) 

 end 

endmodule 

������$VVLJQPHQW�&RPSDWLEOH�
$OO�HTXLYDOHQW�W\SHV��DQG�DOO�QRQ�HTXLYDOHQW�W\SHV�WKDW�KDYH�LPSOLFLW�FDVWLQJ�UXOHV�GHILQHG�EHWZHHQ�WKHP�DUH�DV�VLJQPHQW�FRPSDWLEOH�W\SHV��)RU�H[DPSOH��DOO�LQWHJUDO�W\SHV�DUH�DVVLJQPHQW�FRPSDWLEOH��&RQYHUVLRQ�EHWZHHQ�DVVLJQPHQW�FRPSDWLEOH�W\SHV�PD\�LQYROYH�ORVV�RI�GDWD�E\�WUXQFDWLRQ�RU�URXQGLQJ���&RPSDWLELOLW\�PD\�EH�LQ�RQH�GLUHFWLRQ�RQO\��)RU�H[DPSOH��DQ�HQXP�FDQ�EH�FRQYHUWHG�WR�DQ�LQWHJUDO�W\SH�ZLWKRXW�
D FDVW��EXW�QRW�LQ�WKH�RWKHU�ZD\�DURXQG��,PSOLFLW�FDVWLQJ�UXOHV�DUH�GHILQHG�LQ�6HFWLRQ���'DWD�7\SHV�DQG�6HFWLRQ���2SHUDWRUV�DQG�([SUHVVLRQV��
������&DVW�&RPSDWLEOH�
$OO�DVVLJQPHQW�FRPSDWLEOH�W\SHV��SOXV�DOO�QRQ�HTXLYDOHQW�W\SHV�WKDW�KDYH�GHILQHG�H[SOLFLW�FDVWLQJ�UXOHV�DUH�FDVW�FRPSDWLEOH�W\SHV��)RU�H[DPSOH��DQ�LQWHJUDO�W\SH�UHTXLUHV�D�FDVW�WR�EH�DVVLJQHG�WR�DQ�HQXP�
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([SOLFLW�FDVWLQJ�UXOHV�DUH�GHILQHG�LQ�6HFWLRQ���'DWD�7\SHV��
������7\SH�,QFRPSDWLEOH�
7KHVH�DUH�DOO�WKH�UHPDLQLQJ�QRQ�HTXLYDOHQW�W\SHV�WKDW�KDYH�QR�GHILQHG�LPSOLFLW�RU�H[SOLFLW�FDVWLQJ�UXOHV��&ODVV�KDQGOHV�DQG�FKDQGOHV�DUH�W\SH�LQFRPSDWLEOH�ZLWK�DOO�RWKHU�W\SHV��
�
$GG�WKH�WH[W�LQ�EOXH�WR�WKH�VHQWHQFH�LQ�VHFWLRQ������$JJUHJDWH�H[SUHVVLRQV�
7R�EH�FRSLHG�RU�FRPSDUHG��WKH�W\SH�RI�DQ�DJJUHJDWH�H[SUHVVLRQ�PXVW�EH�HTXLYDOHQW��6HH�VHFWLRQ�������(TXLYDOHQW�7\SHV���
5HPRYH�WKH�WH[W�DW�WKH�HQG�RI�VHFWLRQ������$JJUHJDWH�H[SUHVVLRQV��
'(/(7(��8QSDFNHG�VWUXFWXUHV�W\SHV�DUH�HTXLYDOHQW�E\�WKH�KLHUDUFKLFDO�QDPH�RI�LWV�W\SH�DORQH��7KLV�PHDQV�LQ�RUGHU�WRKDYH�WZR�HTXLYDOHQW�XQSDFNHG�VWUXFWXUHV�LQ�WZR�GLIIHUHQW�VFRSHV��WKH W\SH�PXVW�EH�GHILQHG�LQ�RQH�RI�WKH�IROORZ�LQJ�ZD\V�² 'HILQHG�LQ�D�KLJKHU�OHYHO�VFRSH�FRPPRQ�WR�ERWK�H[SUHVVLRQV�² 3DVVHG�WKURXJK�W\SH�SDUDPHWHU�² ,PSRUWHG�E\�KLHUDUFKLFDO�UHIHUHQFH�8QSDFNHG�DUUD\V�W\SHV�DUH�HTXLYDOHQW�E\�KDYLQJ�HTXLYDOHQW�HOHPHQW�W\SHV DQG�LGHQWLFDO�VKDSH��6KDSH�LV�GHILQHGDV�WKH�QXPEHU�RI�GLPHQVLRQV�DQG�WKH�QXPEHU�RI�HOHPHQWV�LQ�HDFK�GLPHQVLRQ��QRW�WKH�DFWXDO�UDQJH�RI�WKH�GLPHQ�VLRQ�
5HSODFH�WKH�WH[W�LQ�VHFWLRQ��������3DVV�E\�UHIHUHQFH�
5(3/$&(��$UJXPHQWV�SDVVHG�E\�UHIHUHQFH�PXVW�PDWFK H[DFWO\��QR�SURPRWLRQ��FRQYHUVLRQ��RU�DXWR�FDVWLQJ�LV�SRVVLEOHZKHQ�SDVVLQJ�DUJXPHQWV�E\�UHIHUHQFH��,Q�SDUWLFXODU��DUUD\�DUJXPHQWV�PXVW�PDWFK�WKHLU�W\SH�DQG�DOO�GLPHQVLRQVH[DFWO\��)L[HG�VL]H�DUUD\V�FDQQRW�EH�PL[HG�ZLWK�G\QDPLF�DUUD\V�DQG�YLFH�YHUVD�
:,7+��$UJXPHQWV�SDVVHG�E\�UHIHUHQFH�PXVW�EH�PDWFKHG�ZLWK�HTXLYDOHQW�GDWD�W\SHV��1R�FDVWLQJ�VKDOO�EH�SHUPLWWHG��6HH�VHFWLRQ�������(TXLYDOHQW�7\SHV���

$GG�WKH�IROORZLQJ�WH[W�LQ�EOXH�LQ�VHFWLRQ��������3RUW�FRQQHFWLRQ�UXOHV�IRU�YDULDEOHV�

² $ ref SRUW�VKDOO�EH�FRQQHFWHG�WR�DQ�HTXLYDOHQW�YDULDEOH�GDWD�W\SH��5HIHUHQFHV�WR�WKH�SRUW�YDULDEOH�VKDOO�EH�WUHDWHG�DV�KLHUDUFKDO�UHIHUHQFHV�WR�WKH�YDULDEOH�LW�LV�FRQQHFWHG�WR�LQ�LWV�LQVWDQWLDWLRQ��7KLV�NLQG�RI�SRUW�FDQ�QRW�EH�OHIW�XQFRQQHFWHG� 6HH�VHFWLRQ�������(TXLYDOHQW�7\SHV���
5HSODFH�WKH�ODVW�SDUDJUDSK�LQ�VHFWLRQ��������
5(3/$&(��7KH�DUJXPHQW�W\SHV�LQ�D�SURWRW\SH�PXVW�PDWFK�WKH�DUJXPHQW�W\SHV�LQ�WKH�IXQFWLRQ�RU�WDVN�GHFODUDWLRQ��7KH�UXOHV�IRU�PDWFKLQJ�DUH�OLNH�WKRVH�LQ�&��7KH�W\SHV�PXVW�EH�H[DFWO\�WKH�VDPH��RU�GHILQHG�DV�EHLQJ�WKH�VDPH�E\�D�
typedef GHFODUDWLRQ��RU�D�VHULHV�RI�typedef GHFODUDWLRQV��7ZR�VWUXFWXUH�GHFODUDWLRQV�FRQWDLQLQJ�WKH�VDPH�PHPEHUV�DUH�QRW�FRQVLGHUHG�WR�EH�WKH�VDPH�W\SH���:,7+�
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7KH�QXPEHU�DQG�W\SHV�RI�DUJXPHQWV�LQ�D�SURWRW\SH�PXVW�PDWFK�WKH�DUJXPHQW�W\SHV�LQ�WKH�IXQFWLRQ�RU�WDVN�GHFOD�UDWLRQ��7KH�UXOHV�IRU�W\SH�HTXLYDOHQF\�DUH�GHVFULEHG�LQ�VHFWLRQ�������(TXLYDOHQW�7\SHV���
,QVHUW�WKH�IROORZLQJ�VHFWLRQV�EHWZHHQ������DQG�������

�����(ODERUDWLRQ�WLPH�7\SHRI�)XQFWLRQ�
W\SHBIXQFWLRQ��� ����QRW�LQ�$QQH[�$��W\SHRI���H[SUHVVLRQ��_ �W\SHRI���GDWDBW\SH���
6\QWD[�����²W\SHRI�IXQFWLRQ�V\QWD[��QRW�LQ�$QQH[�$���7KH��W\SHRI�V\VWHP�IXQFWLRQ�UHWXUQV�D�W\SH�GHULYHG�IURP�LWV�DUJXPHQW��7KH�GDWD�W\SH�UHWXUQHG�E\�WKH��W\SHRI�V\VWHP�IXQFWLRQ�PD\�EH�XVHG�WR�DVVLJQ�RU�RYHUULGH�D�W\SH�SDUDPHWHU��RU�LQ�D�FRPSDULVRQ�ZLWK�DQRWKHU�
�W\SHRI��HYDOXDWHG�GXULQJ�HODERUDWLRQ���:KHQ�FDOOHG�ZLWK�DQ�H[SUHVVLRQ�DV�LWV�DUJXPHQW���W\SHRI�UHWXUQV�D�W\SH�WKDW�UHSUHVHQWV�WKH�VHOI�GHWHUPLQHG�
W\SH�UHVXOW�RI�WKH�H[SUHVVLRQ��7KH�H[SUHVVLRQ¶V�UHWXUQ�W\SH�LV�GHWHUPLQHG�GXULQJ�HODERUDWLRQ�EXW�QHYHU�HYDOXDWHG��7KH�H[SUHVVLRQ�VKDOO�QRW�FRQWDLQ�DQ\�KLHUDUFKLFDO�LGHQWLILHUV�RU�UHIHUHQFHV�WR�HOHPHQWV�RI�G\QDPLF�REMHFWV��,Q�DOO�FRQWH[WV���W\SHRI�WRJHWKHU�ZLWK�LWV�DUJXPHQW�FDQ�EH�XVHG�LQ�DQ\�SODFH�DQ�HODERUDWLRQ�FRQVWDQW�LV�UHTXLUHG��
�:KHQ�XVHG�LQ�D�FRPSDULVRQ��HTXDOLW\��  ��RU�FDVH�HTXDOLW\�LV�WUXH�LI�WKH�RSHUDQGV�DUH�W\SH�HTXLYDOHQW���6HH�VHF�WLRQ�����7\SH�(TXLYDOHQF\����)RU�H[DPSOH��
 

ELW�>����@�$BEXV��%BEXV��
SDUDPHWHU�W\SH�EXVBW� ��W\SHRI�$BEXV���
JHQHUDWH�
� FDVH���W\SHRI�EXWBW���

�W\SHRI�ELW>����@���DGGIL[HGBLQW���EXVBW���$BEXV�%BEXV���
�W\SHRI�UHDO���DGGBIORDW����W\SHRI�$BEXV����$BEXV�%BEXV���

HQGFDVH�
HQGJHQHUDWH�

�7KH�DFWXDO�YDOXH�UHWXUQHG�E\��W\SHRI�LV�QRW�YLVLEOH�WR�WKH�XVHU�DQG�LV�QRW�GHILQHG��
�
�����7\SHQDPH�)XQFWLRQ�
W\SHQDPHBIXQFWLRQ��� ����QRW�LQ�$QQH[�$��W\SHQDPH���H[SUHVVLRQ��_ �W\SHQDPH���GDWDBW\SH���
6\QWD[�����²W\SHQDPH�IXQFWLRQ�V\QWD[��QRW�LQ�$QQH[�$���7KH��W\SHQDPH�V\VWHP�IXQFWLRQ�UHWXUQV�D�VWULQJ�WKDW�UHSUHVHQWV�WKH�UHVROYHG�W\SH�RI�LWV�DUJXPHQW��
�7KH�UHWXUQ�VWULQJ�LV�FRQVWUXFWHG�LQ�WKH�IROORZLQJ�VWHSV������ 6LPSOH�W\SHGHIV�DUH�UHVROYHG�EDFN�WR�EXLOW�LQ�RU�XVHU�GHILQHG�W\SHV����� 7KH�GHIDXOW�VLJQLQJ�LV�UHPRYHG��HYHQ�LI�SUHVHQW�H[SOLFLWO\�LQ�WKH�VRXUFH���� 6\VWHP�JHQHUDWHG�QDPHV�DUH�FUHDWHG�IRU�DQRQ\PRXV�XVHU�GHILQHG�W\SHV��VWUXFWV�XQLRQV�HQXPV���
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��� $�µ�¶�LV�XVHG�DV�WKH�SODFHKROGHU�IRU�WKH�QDPH�RI�DQRQ\PRXV�XQSDFNHG�DUUD\���� $FWXDO�HQFRGHG�YDOXHV�DUH�DSSHQGHG�ZLWK�QXPHUDWLRQ�ODEHOV����� 8VHU�GHILQHG�W\SH�QDPHV�DUH�SUHIL[HG�ZLWK�WKHLU�GHILQLQJ�SDFNDJH�RU�VFRSH�QDPHVSDFH����� $UUD\�UDQJHV�DUH�UHSUHVHQWHG�DV�XQVL]HG�GHFLPDO�QXPEHUV����� :KLWHVSDFH�LQ�WKH�VRXUFH�LV�UHPRYHG�DQG�D�VLQJOH�VSDFH�LV�DGGHG�WR�VHSDUDWH�LGHQWLILHUV�DQG�NH\ZRUGV�IURP�HDFK�RWKHU���7KLV�SURFHVV�LV�VLPLODU�WR�WKH�ZD\�WKDW�W\SH�HTXDOLW\�LV�FRPSXWHG��H[FHSW�WKDW�DUUD\�UDQJHV�DQG�EXLOW�LQ�HTXLYD�OHQW�W\SHV�DUH�QRW�QRUPDOL]HG�LQ�WKH�JHQHUDWHG�VWULQJ��7KXV��W\SHQDPH�FDQ�EH�XVHG�LQ�VWULQJ�FRPSDULVRQV�IRU�
VWULFWHU�W\SH�FKHFNLQJ�RI�DUUD\V�WKDQ��W\SHRI�
:KHQ�FDOOHG�ZLWK�DQ�H[SUHVVLRQ�DV�LWV�DUJXPHQW���W\SHQDPH�UHWXUQV�D�VWULQJ�WKDW�UHSUHVHQWV�WKH�VHOI�GHWHUPLQHG�W\SH�UHVXOW�RI�WKH�H[SUHVVLRQ��7KH�H[SUHVVLRQ¶V�UHWXUQ�W\SH�LV�GHWHUPLQHG�GXULQJ�HODERUDWLRQ�EXW�QHYHU�HYDOXDWHG��:KHQ�XVHG�DV�DQ�HOHERUDWLRQ�WLPH�FRQVWDQW��WKH�H[SUHVVLRQ�VKDOO�QRW�FRQWDLQ�DQ\�KLHUDUFKLFDO�LGHQWLILHUV�RU�UHIHU�HQFHV�WR�HOHPHQWV�RI�G\QDPLF�REMHFWV����

���VRXUFH�FRGH� � � ����W\SHQDPH�ZRXOG�UHWXUQ�
W\SHGHI�ELW�QRGH�� � ���³ELW´�
QRGH�VLJQHG�>���@�;��� ���³ELW�VLJQHG>���@´�
LQW�VLJQHG�<��� � � ���³LQW´�
SDFNDJH�$��
� HQXP�^$�%�& ��`�;��� ���³HQXP^$ ��¶G��% ��¶G��& ¶��E;`$��H��´�
� W\SHGHI�ELW�>���¶E�@�ZRUG����³$��ELW>���@´�
HQGSDFNDJH���$�
LPSRUW�$����
PRGXOH�WRS��
� W\SHGHI�VWUXFW�^QRGH�$�%�`�$%BW��
� $%BW�$%>��@�� � � ���³VWUXFW^ELW�$�ELW�%�`WRS�$%BW�>���@´�

�

5HSODFH�DOO�WKH�WH[W�LQ�VHFWLRQ�������ELWV�ZLWK�
VL]HBIXQFWLRQ��� ����QRW�LQ�$QQH[�$��ELWV���H[SUHVVLRQ��_ �ELWV���W\SHBLGHQWLILHU��
6\QWD[�����²6L]H�IXQFWLRQ�V\QWD[��QRW�LQ�$QQH[�$���7KH��ELWV�V\VWHP�IXQFWLRQ�UHWXUQV�WKH�QXPEHU�RI�ELWV�UHTXLUHG�WR�KROG�DQ�H[SUHVVLRQ�DV�D�ELW�VWUHDP��6HH�VHF�
WLRQ������ELW�VWUHDP�FDVW�IRU�D�GHILQLWLRQ�RI�OHJDO�W\SHV��$���VWDWH�YDOXH�FRXQWV�DV�RQH�ELW��*LYHQ�WKH�GHFODUDWLRQ���

ORJLF�>����@�IRR��
�
7KHQ��ELWV�IRR� VKDOO�UHWXUQ�����HYHQ�LI�WKH�LPSOHPHQWDWLRQ�XVHV�PRUH�WKDQ����ELWV�RI�VWRUDJH�WR�UHSUHVHQW�WKH�
��VWDWH�YDOXHV��*LYHQ�WKH�GHFODUDWLRQ���

W\SHGHI�VWUXFW�^�
ORJLF�YDOLG��
� ELW�>���@�GDWD��
` 0\7\SH��
�



�

7KH�H[SUHVVLRQ��ELWV�0\7\SH��VKDOO�UHWXUQ����WKH�QXPEHU�RI�GDWD�ELWV�QHHGHG�E\�D�YDULDEOH�RI�W\SH�0\7\SH�
7KH��ELWV IXQFWLRQ�FDQ�EH�XVHG�DV�DQ�HODERUDWLRQ�WLPH�FRQVWDQW�ZKHQ�XVHG�RQ�IL[HG�VL]HG�W\SHV��KHQFH��LW�FDQ�
EH�XVHG�LQ�WKH�GHFODUDWLRQ�RI�RWKHU�W\SHV�RU�YDULDEOHV���

W\SHGHI�ELW>�ELWV�0\7\SH���@�0\%LWV���VDPH�DV�W\SHGHI�ELW�>���@�
0\%LWV��
0\%LWV�E��

�9DULDEOH�E�FDQ�EH�XVHG�WR�KROG�WKH�ELW�SDWWHUQ�RI�D�YDULDEOH�RI�W\SH�0\7\SH�ZLWKRXW�ORVV�RI�LQIRUPDWLRQ��7KH��ELWV�V\VWHP�IXQFWLRQ�UHWXUQV�ORJLF�;�ZKHQ�FDOOHG�ZLWK�D�G\QDPLFDOO\�VL]HG�W\SH�WKDW�LV�FXUUHQWO\�HPSW\��
,W�LV�DQ�HUURU�WR�XVH�WKH��ELWV�V\VWHP�IXQFWLRQ�GLUHFWO\�ZLWK�D�G\QDPLFDOO\�VL]HG�W\SH�LGHQWLILHU��
�
5HSODFH�VHFWLRQ������DUUD\�TXHU\�IXQFWLRQV�ZLWK�
DUUD\BTXHU\BIXQFWLRQV��� ����QRW�LQ�$QQH[�$�� DUUD\BGLPHQVLRQBIXQFWLRQ�� DUUD\BLGHQWLILHU�>�� GLPHQVLRQBH[SUHVVLRQ�@��_ DUUD\BGLPHQVLRQBIXQFWLRQ�� W\SHBLGHQWLILHU�>�� GLPHQVLRQBH[SUHVVLRQ�@��_ �GLPHQVLRQV���DUUD\BLGHQWLILHU��_ �GLPHQVLRQV���W\SHBLGHQWLILHU��
DUUD\BGLPHQVLRQBIXQFWLRQ��� �
� �OHIW�� _��ULJKW�� _��ORZ�� _��KLJK�� _��LQFUHPHQW�_ �VL]H�GLPHQVLRQBH[SUHVVLRQ��� �H[SUHVVLRQ�

6\QWD[�����²$UUD\�TXHU\LQJ�IXQFWLRQ�V\QWD[��QRW�LQ�$QQH[�$��6\VWHP9HULORJ�SURYLGHV�V\VWHP�IXQFWLRQV�WR�UHWXUQ�LQIRUPDWLRQ�DERXW�D�SDUWLFXODU�GLPHQWLRQ�RI�DQ�DUUD\�YDULDEOH�RU�W\SH��7KH�GHIDXOW�IRU�WKH�RSWLRQDO�GLPHQVLRQ�H[SUHVVLRQ�LV����7KH�DUUD\�GLPHQVLRQ��FDQ�VSHFLI\�DQ\�IL[HG�VL]HG�LQGH[��SDFNHG�RU�XQSDFNHG���RU�DQ\�G\QDPLFDOO\�VL]HG�LQGH[��G\QDPLF��DVVRFLDWLYH��RU�TXHXH����
² �OHIW�VKDOO�UHWXUQ�WKH�OHIW�ERXQG��PVE��RI�WKH�GLPHQVLRQ�
² �ULJKW�VKDOO�UHWXUQ�WKH�ULJKW�ERXQG��OVE��RI�WKH�GLPHQVLRQ�
² �ORZ�VKDOO�UHWXUQ�WKH�PLQLPXP�RI��OHIW�DQG��ULJKW�RI�WKH�GLPHQVLRQ�
² �KLJK�VKDOO�UHWXUQ�WKH�PD[LPXP�RI��OHIW�DQG��ULJKW�RI�WKH�GLPHQVLRQ�
² �LQFUHPHQW�VKDOO�UHWXUQ���LI��OHIW�LV�JUHDWHU�WKDQ�RU�HTXDO�WR��ULJKW� DQG����LI��OHIW�LV�OHVV�WKDQ�
�ULJKW�
² �VL]H�VKDOO�UHWXUQ�WKH�QXPEHU�RI�HOHPHQWV�LQ�WKH�GLPHQVLRQ��ZKLFK�LV�HTXLYDOHQW�WR��KLJK�� �ORZ�� �
² �GLPHQVLRQV�VKDOO�UHWXUQ�WKH�QXPEHU�RI�GLPHQVLRQV�LQ�WKH�DUUD\��RU���IRU�D�VLQJXODU�REMHFW�7KH�GLPHQVLRQV�RI�DQ�DUUD\�VKDOO�EH�QXPEHUHG�DV�IROORZV��7KH�VORZHVW�YDU\LQJ�GLPHQVLRQ��SDFNHG�RU�XQSDFNHG��LV�GLPHQVLRQ����6XFFHVVLYHO\�IDVWHU�YDU\LQJ�GLPHQVLRQV�KDYH�VHTXHQWLDOO\�KLJKHU�GLPHQVLRQ�QXPEHUV��,QWHUPH�GLDWH�W\SH�GHILQLWLRQV�DUH�H[SDQGHG�ILUVW�EHIRUH�QXPEHULQJ�WKH�GLPHQVLRQV���)RU�H[DPSOH��

���'LPHQVLRQ�QXPEHUV�
��������������������������
reg >���@>���@�Q�>���@>���@��



�

typedef reg [3:0][2:1] packed_reg; 

packed_reg n[1:5][2:8]; // same dimensions as in the lines above�

)RU�D�IL[HG�VL]HG�LQWHJHU�W\SH��LQWHJHU��VKRUWLQW��ORQJLQW��DQG�E\WH���GLPHQVLRQ���LV�SUH�GHILQHG��)RU�DQ�LQWHJHU�1�
GHFODUHG�ZLWKRXW�D�UDQJH�VSHFLILHU��LWV�ERXQGV�DUH�DVVXPHG�WR�EH�>�ELWV�1�����@�
,I�DQ�RXW�RI�UDQJH�GLPHQVLRQ�LV�VSHFLILHG��WKHVH�IXQFWLRQV�VKDOO�UHWXUQ�D�ORJLF�;��:KHQ�XVHG�RQ�D�G\QDPLF�DUUD\�RU�TXHXH�GLPHQVLRQ��WKHVH�IXQFWLRQV�UHWXUQ�LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�VWDWH�RI�WKH�DUUD\��,I�WKH�GLPHQWLRQ�LV�FXUUHQWO\�HPSW\��WKHVH�IXQFWLRQV�VKDOO�UHWXUQ�D�ORJLF�;��,W�LV�DQ�HUURU�WR�XVH�WKHVH�IXQFWLRQV�GLUHFWO\�RQ�D�G\QDPLFDOO\�VL]HG�W\SH�LGHQWLILHU���8VH�RQ�DVVRFLDWLYH�DUUD\�GLPHQWLRQV�LV�UHVWULFWHG�WR�LQGH[�W\SHV�ZLWK��LQWHJUDO�YDOXHV��:LWK�LQWHJUDO�LQGH[HV��WKHVH�IXQFWLRQV�VKDOO�UHWXUQ���
² �OHIW�VKDOO�UHWXUQ���
² �ULJKW�VKDOO�UHWXUQ�WKH�KLJKHVW�SRVVLEOH�LQGH[�YDOXH�
² �ORZ�VKDOO�UHWXUQ�WKH�ORZHVW�FXUUHQWO\�DOORFDWHG�LQGH[�YDOXH�
² �KLJK�VKDOO�UHWXUQ�WKH�ODUJHVW�FXUUHQWO\�DOORFDWHG�LQGH[�YDOXH�
² �LQFUHPHQW�VKDOO�UHWXUQ����
² �VL]H�VKDOO�UHWXUQ�WKH�QXPEHU�RI�HOHPHQWV�FXUUHQWO\�DOORFDWHG��,I�WKH�DUUD\�LGHQWLILHU�LV�D�IL[HG�VL]HG�DUUD\��WKHVH�TXHU\�IXQFWLRQV�PD\�EH�XVHG�DV�D�FRQVWDQW�IXQFWLRQ�DQG�SDVVHG�DV�D�SDUDPHWHU�EHIRUH�HODERUDWLRQ��7KHVH�TXHU\�IXQFWLRQV�PD\�DOVR�EH�XVHG�RQ�IL[HG�VL]HG�W\SH�LGHQWLILHUV�LQ�ZKLFK�FDVH�LW�LV�DOZD\V�WUHDWHG�DV�D�FRQVWDQW�IXQFWLRQ���*LYHQ�WKH�GHFODUDWLRQ�EHORZ��

W\SHGHI�ORJLF�>����@�:RUG��
:RUG�5DP>���@��

7KH�IROORZLQJ�V\VWHP�IXQFWLRQV�UHWXUQ�����
�

�VL]H�:RUG��
$size(Ram,2) 

�
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