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0RGLI\�WKH�WH[W�LQ�VHFWLRQ�����
7KH�QHVWLQJ�RI�EUDFHV�PXVW�IROORZ�WKH�QXPEHU�RI�GLPHQVLRQV��XQOLNH�LQ�&��+RZHYHU��UHSOLFDWH�RSHUDWRUV�FDQ�EH�QHVWHG��7KH�LQQHU�SDLU�RI�EUDFHV�LQ�D�UHSOLFDWLRQ�DUH�UHPRYHG��(DFK�UHSOLFDWLRQ�UHSUHVHQWV�RQH�GLPHQVLRQ�

int n[1:2][1:6] = {2{{3{4,5}}}}; // {{4,5,4,5,4,5},{4,5,4,5,4,5}}

,I�WKH�W\SH�LV�QRW�JLYHQ�E\�WKH�FRQWH[W��LW�PXVW�EH�VSHFLILHG�ZLWK�D�FDVW���
typedef int [1:3] triple [1:3]; // Array of 3 integers packed together
b = triple’{0,1,2};
$mydisplay(triple’{0,1,2});

$UUD\�OLWHUDOV�FDQ�DOVR�XVH�WKHLU�LQGH[�RU�W\SH�DV�D�NH\��DQG�D�GHIDXOW�NH\�YDOXH��VHH�6HFWLRQ�������
b = {1:1, default:0}; // indexes 2 and 3 assigned 0 

$''�WR�WKH�HQG�RI�VHFWLRQ�����
5HSOLFDWH�RSHUDWRUV�FDQ�EH�XVHG�WR�UHSUHVHQW�WKHLU�H[DFW�QXPEHU�RI�PHPEHUV��7KH�LQQHU�SDLU�RI�EUDFHV�LQ�D�UHSOLFDWLRQ�DUH�UHPRYHG�

struct {int X,Y,Z;} XYZ = {3{1}};
typedef struct {int a,b[4]} ab_t;
int a,b,c;
ab_t v1[1:0][2:0];
v1 = ^�^^�^D�^�^E�F``````�

0RYH�VHFWLRQ������VWDWLF�SUHIL[HV�EHIRUH�VHFWLRQ�������&RQFDWHQDWLRQ��

'(/(7(�WKH�IROORZLQJ�WH[W�LQ�������ZLOO�EHFRPH�VHFWLRQ�������
1RWH�WKDW�EUDFHV�DUH�DOVR�XVHG�IRU�LQLWLDOL]HUV�RI�VWUXFWXUHV�RU�XQSDFNHG�DUUD\V��8QOLNH�LQ�&��WKH�H[SUHVVLRQVPXVW�PDWFK�HOHPHQW�IRU�HOHPHQW�DQG�WKH�EUDFHV�PXVW�PDWFK�WKH�VWUXFWXUHV�DQG�DUUD\�GLPHQVLRQV��(DFK�HOHPHQWPXVW�PDWFK�WKH�W\SH�EHLQJ�LQLWLDOL]HG��VR�WKH�IROORZLQJ�GR�QRW�JLYH�VL]H�ZDUQLQJV�

bit unpackedbits [1:0] = {1,1}; // no size warning, bit can be set to 1
int unpackedints [1:0] = {1’b1,1’b1}; //no size warning, int can be set to 1’b1

$ FRQFDWHQDWLRQ�RI�XQVL]HG�YDOXHV�VKDOO�EH�LOOHJDO��DV�LQ�9HULORJ��+RZHYHU��DQ�DUUD\�LQLWLDOL]HU�FDQ�XVH�XQVL]HGYDOXHV�ZLWKLQ�WKH�EUDFHV��VXFK�DV�^���`�
7KH�UHSOLFDWLRQ�RSHUDWRU��DOVR�FDOOHG�D�PXOWLSOH�FRQFDWHQDWLRQ��IRUP�RI�EUDFHV�FDQ�DOVR�EH�XVHG�IRU�LQLWLDOL]HUV��)RU�H[DPSOH��^�^�``�UHSUHVHQWV�WKH�LQLWLDOL]HU�^�������`�
0RGLI\�VHFWLRQ������
%UDFHV�DUH�DOVR�XVHG�IRU�H[SUHVVLRQV�WR�DVVLJQ�WR�XQSDFNHG�DUUD\V��8QOLNH�LQ�&��WKH�H[SUHVVLRQV�PXVW�PDWFK�HOH�PHQW�IRU�HOHPHQW��DQG�WKH�EUDFHV�PXVW�PDWFK�WKH�DUUD\�GLPHQVLRQV��7KH�W\SH RI�HDFK�HOHPHQW�LV�PDWFKHG�DJDLQVW�WKH�W\SH�RI�WKH�H[SUHVVLRQ�DFFRUGLQJ�WR�WKH�VDPH�UXOHV�DV�IRU�D�VFDODU� (DFK�H[SUHVVLRQ�LWHP�VKDOO�EH�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�WKH�W\SH�RI�WKH�FRUUHVSRQGLQJ�HOHPHQW�LQ�WKH�DUUD\� 7KLV�PHDQV�WKDW�WKH�IROORZ�LQJ�H[DPSOHV�GR�QRW�JLYH�VL]H�ZDUQLQJV��XQOLNH�WKH�VLPLODU�DVVLJQPHQWV�DERYH���



�

7KH�V\QWD[�RI�PXOWLSOH�FRQFDWHQDWLRQV�FDQ�EH�XVHG�IRU�XQSDFNHG�DUUD\�H[SUHVVLRQV�DV�ZHOO��(DFK�UHSOLFDWLRQ�UHSUHVHQWV�D�VLQJOH�GLPHQVLRQ�
unpackedbits = {2 {y}} ; // same as {y, y} 
int n[1:2][1:3] = {2{{3{y}}}}; // same as {{y,y,y},{y,y,y}}

6\VWHP9HULORJ�GHWHUPLQHV�WKH�FRQWH[W�RI�WKH�EUDFHV�E\�ORRNLQJ�DW�WKH�OHIW�KDQG�VLGH�RI�DQ ZKHQ�XVHG�LQ�WKH�FRQ�WH[W�RI�DQ�DVVLJQPHQW��,I�WKH�OHIW�KDQG�VLGH�LV�DQ XVHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�DQ XQSDFNHG�DUUD\��WKH�EUDFHV�UHSUHVHQW�DQ�XQSDFNHG�DUUD\�OLWHUDO�RU�H[SUHVVLRQ��2XWVLGH�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�RQ�WKH�ULJKW�KDQG�VLGH�WR�DQ�DJJUHJDWH�W\SH� DQ�H[SOLFLW�FDVW�VKDOO�EH�XVHG�ZLWK�WKH�EUDFHV�WR�GLVWLQJXLVK�LW�IURP�D�FRQFDWHQDWLRQ����
$Q��XQSDFNHG�DUUD\�H[SUHVVLRQ�FDQ�DGGUHVV�VSHFLILF�LQGH[HV�ZLWK�WKH�^LQGH[�YDOXH`�V\QWD[��7KH�H[SUHVVLRQ�
QHHG�QRW�VSHFLI\�DOO�HOHPHQWV�LQ�WKH�DUUD\�XQOHVV�EHLQJ�XVHG�DV�DQ�LQLWLDOL]DWLRQ�LQ�D�GHFODUDWLRQ��)RU�G\QDPLF�DUUD\V�DQG�TXHXHV��WKH�HOHPHQW�PXVW�DOUHDG\�H[LVW��6HH�VHFWLRQ�������IRU�DGGUHVVLQJ�DVVRFLDWLYH�DUUD\V�

int n[3:1] = {2:1,3:2,1:3};
n = {2:x,3:y}; // only element 2 written, equivalent to
n[2] = x;
n[3] = y;

,W�FDQ�VRPHWLPHV�EH�XVHIXO�WR�VHW�DUUD\�HOHPHQWV�WR�D�YDOXH�ZLWKRXW�KDYLQJ�WR�NHHS�WUDFN�RI�KRZ�PDQ\�PHPEHUV�WKHUH�DUH��7KLV�FDQ�EH�GRQH�ZLWK�WKH�default NH\ZRUG���
initial unpackedints = {default:2}; // sets elements to 2 

 )RU�PRUH�DUUD\V�RI�VWUXFWXUHV��LW�LV�XVHIXO�WR�VSHFLI\�RQH�RU�PRUH�PDWFKLQJ�W\SHV�NH\V� DV�LOOXVWUDWHG�XQGHU�VWUXF�WXUH�H[SUHVVLRQV��EHORZ���
struct {int a; time b;} abkey[1:0]; 

 abkey = {{a:1, b:2ns}, {int:5, time:$time}}; 
 :KHQ�WKH�EUDFHV�LQFOXGH�DQ�LQGH[��W\SH��RU�GHIDXOW�NH\��WKH�EUDFHV�DUH�V\QWDFWLFDOO\�GLVWLQJXLVKHG�IURP�EHLQJ�D�FRQFDWHQDWLRQ�IRU�ERWK�SDFNHG�DQG�XQSDFNHG�DUUD\�W\SHV�
7KH�UXOHV�IRU�XQSDFNHG�DUUD\�PDWFKLQJ�DUH�DV�IROORZV��² $Q�index:value�VSHFLILHV�DQ�H[SOLFLW�YDOXH�IRU�D�NH\HG�HOHPHQW�LQGH[��7KH�YDOXH�LV�HYDOXDWHG�LQ�WKH�FRQ�WH[W�RI�DQ�DVVLJQPHQW�WR�WKH�LQGH[HG�HOHPHQW�DQG�PXVW�EH�FDVWDEOH�WR�LWV�W\SH��,W�VKDOO�EH�DQ�HUURU�WR�VSHFLI\�WKH�VDPH�LQGH[�PRUH�WKDQ�RQFH�LQ�D�VLQJOH�DUUD\�H[SUHVVLRQ��² )RU�type:value� LI�WKH�HOHPHQW�RU�VXE�DUUD\�W\SH�RI�WKH�XQSDFNHG�DUUD\�H[DFWO\�PDWFKHV LV�HTXLYDOHQW WR�WKLV�W\SH��WKHQ�HDFK�HOHPHQW�RU�VXE�DUUD\�VKDOO�EH�VHW�WR�WKH�YDOXH�WKDW�KDV�QRW�EHHQ�PDWFKHG�E\�DQ�LQGH[�DERYH� 7KH�YDOXH�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�WKH�PDWFKLQJ�W\SH PXVW�EH�FDVWDEOH�WR�WKH�DUUD\�HOHPHQW�RU�VXE�DUUD\�W\SH��2WKHUZLVH��LI�WKH�XQSDFNHG�DUUD\�LV�PXOWLGLPHQVLRQDO��WKHQ�WKHUH�LV�D�UHFXUVLYH�GHVFHQW�LQWR�HDFK�VXE�DUUD\�RI�WKH�DUUD\�XVLQJ�WKH�UXOHV�LQ�WKLV�VHFWLRQ�DQG�WKH�W\SH�DQG�GHIDXOW�VSHFLILHUV NH\V� 2WKHUZLVH��LI�WKH�XQSDFNHG�DUUD\�LV�DQ�DUUD\�RI�VWUXFWXUHV��WKHUH�LV�D�UHFXUVLYH�GHVFHQW�LQWR�HDFK�HOHPHQW�RI�WKH�DUUD\�XVLQJ�WKH�UXOHV�IRU�VWUXFWXUH�H[SUHVVLRQV�DQG�WKH�W\SH�DQG�GHIDXOW�VSHFLILHUV NH\V� ,I�PRUH�WKDQ�RQH�W\SH�PDWFKHV�WKH�VDPH�HOHPHQW��WKH�ODVW�YDOXH�VKDOO�EH�XVHG��² )RU�default:value� WKLV�NH\ VSHFLILHV�WKH�GHIDXOW�YDOXH�WR�XVH�IRU�HDFK�HOHPHQW�RI�DQ�XQSDFNHG�DUUD\�WKDW�KDV�QRW�EHHQ�FRYHUHG�E\�WKH�HDUOLHU�UXOHV�LQ�WKLV�VHFWLRQ��7KH�YDOXH�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�HDFK�DVVLJQ�PHQW�WR�DQ�HOHPHQW�FRYHUHG�E\�WKH�GHIDXOW�DQG PXVW�EH�FDVWDEOH�WR�WKH�DUUD\�HOHPHQW�W\SH���(YHU\�HOHPHQW�VKDOO�EH�FRYHUHG�E\�RQH�RI�WKHVH�UXOHV�
If the type key, default key, or replication operator is used on an expression with side effects, the number of 
times that expression evaluates is undefined.
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0RGLI\�VHFWLRQ������
$ VWUXFWXUH�H[SUHVVLRQ��SDFNHG�RU�XQSDFNHG��FDQ�EH�EXLOW�IURP�PHPEHU�H[SUHVVLRQV�XVLQJ�EUDFHV�DQG�FRPPDV��ZLWK�WKH�PHPEHUV�LQ�GHFODUDWLRQ�RUGHU��(DFK�PHPEHU�H[SUHVVLRQ�VKDOO�EH�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQ�PHQW�WR�WKH�W\SH�RI�WKH�FRUUHVSRQGLQJ�PHPEHU�LQ�WKH�VWUXFWXUH��,W�FDQ�DOVR�EH�EXLOW�ZLWK�WKH�QDPHV�RI�WKH�PHP�EHUV��«
6\VWHP9HULORJ�GHWHUPLQHV�WKH�FRQWH[W�RI�WKH�EUDFHV�E\�ORRNLQJ�DW�WKH�OHIW�KDQG�VLGH�RI�DQ ZKHQ�XVHG�LQ�WKH�FRQ�WH[W�RI�DQ�DVVLJQPHQW��,I�WKH�OHIW�KDQG�VLGH�LV�DQ XVHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�DQ XQSDFNHG�VWUXFWXUH��WKH�EUDFHV�UHSUHVHQW�DQ�XQSDFNHG�VWUXFWXUH�OLWHUDO�RU�H[SUHVVLRQ��2XWVLGH�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�RQ�WKH�ULJKW�KDQG�VLGH�WR�DQ�DJJUHJDWH�W\SH� DQ�H[SOLFLW�FDVW�PXVW�EH�XVHG�ZLWK�WKH�EUDFHV�WR�GLVWLQJXLVK�LW�IURP�D�FRQ�FDWHQDWLRQ��:KHQ�WKH�EUDFHV�LQFOXGH�D�ODEHO��W\SH��RU�GHIDXOW�NH\��WKH�EUDFHV�DUH�V\QWDFWLFDOO\�GLVWLQJXLVKHG�IURP�EHLQJ�D�FRQFDWHQDWLRQ�IRU�ERWK�SDFNHG�DQG�XQSDFNHG�VWUXFWXUH�W\SHV�
«7KH�PDWFKLQJ�UXOHV�DUH�DV�IROORZV��² $ member:value� VSHFLILHV�DQ�H[SOLFLW�YDOXH�IRU�D�QDPHG�PHPEHU�RI�WKH�VWUXFWXUH��7KH�QDPHG�PHPEHU�PXVW�EH�DW�WKH�WRS�OHYHO�RI�WKH�VWUXFWXUH²D�PHPEHU�ZLWK�WKH�VDPH�QDPH�LQ�VRPH�OHYHO�RI�VXEVWUXFWXUH�VKDOO�QRW�EH�VHW��7KH�YDOXH�PXVW�EH�FDVWDEOH�WR�WKH�PHPEHU�W\SH�DQG�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�WKH�QDPHG�PHPEHU� RWKHUZLVH�DQ�HUURU�LV�JHQHUDWHG��² 7KH�type:value VSHFLILHV�DQ�H[SOLFLW�YDOXH�IRU�D�ILHOG�LQ�WKH�VWUXFWXUH�ZKLFK�H[DFWO\�PDWFKHV LV�HTXLYDOHQW�WR WKH�W\SH�DQG�KDV�QRW�EHHQ�VHW�E\�D�ILHOG�QDPH�VSHFLILHUV NH\�DERYH��,I�WKH�VDPH�W\SH�NH\ LV�PHQWLRQHG�PRUH�WKDQ�RQFH��WKH�ODVW�YDOXH�LV�XVHG��7KH�YDOXH�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�DQ�DVVLJQPHQW�WR�WKH�PDWFKLQJ�W\SH² 7KH�default:value DSSOLHV�WR�PHPEHUV�WKDW�DUH�QRW�PDWFKHG�E\�HLWKHU�PHPEHU�QDPH�RU�W\SH�NH\�DQG�DUH�QRW�HLWKHU�VWUXFWXUHV�RU�XQSDFNHG�DUUD\V��7KH�YDOXH�LV�HYDOXDWHG�LQ�WKH�FRQWH[W�RI�HDFK�DVVLJQPHQW�WR�D�PHPEHUFRYHUHG�E\�WKH�GHIDXOW�DQG PXVW�EH�FDVWDEOH�WR�WKH�PHPEHU�W\SH��RWKHUZLVH�DQ�HUURU�LV�JHQHUDWHG��)RU�XQPDWFKHG�VWUXFWXUH�PHPEHUV��WKH�W\SH�DQG�GHIDXOW�VSHFLILHUV�DUH�DSSOLHG�UHFXUVLYHO\�DFFRUGLQJ�WR�WKH�UXOHV�LQ�WKLV�VHFWLRQ�WR�HDFK�PHPEHU�RI�WKH�VXEVWUXFWXUH��)RU�XQPDWFKHG�XQSDFNHG�DUUD\�PHPEHUV��WKH�W\SH�DQG�GHIDXOW�VSHFLILHUV NH\VDUH�DSSOLHG�WR�WKH�DUUD\�DFFRUGLQJ�WR�WKH�UXOHV�IRU�XQSDFNHG�DUUD\V���(YHU\�HOHPHQW PHPEHU VKDOO�EH�FRYHUHG�E\�RQH�RI�WKHVH�UXOHV���
If the type key, default key, or replication operator is used on an expression with side effects, the number of 
times that expression evaluates is undefined.


