
�

%DODQFLQJ�)3*$�5HVRXUFH�
8WLOLWLHV
;XHMXQ�/LDQJ

'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH��-DFNVRQ�6WDWH�8QLYHUVLW\
-HIIUH\�6��9HWWHU��0HOLVVD�&��6PLWK��DQG�$UWKXU�6��%ODQG

2DN�5LGJH�1DWLRQDO�/DERUDWRU\��2DN�5LGJH�

+HWHURJHQHRXV�&RPSRQHQWV�LQ�
;LOLQ[� 9LUWH[�,,�)3*$
� &/%�6OLFH

± /RRNXS�7DEOH
� /RJLF�)XQFWLRQ
� 6OLFH�'LVWULEXWHG�5$0
� 6OLFH�65/

± 5HJLVWHU��
� %ORFN�6HOHFW5$0
� (PEHGGHG�0XOWLSOLHU

7$6.��
LV�

%DODQFLQJ��
8WLOL]DWLRQV��

RI�
� &/%�6OLFH
� %ORFN�6HOHFW5$0
� (PEHGGHG�0XOWLSOLHU



�

0DLQ�7RSLF�DQG�0HWKRGRORJ\
� 0DLQ�7RSLF� %DODQFLQJ�8WLOL]DWLRQV�RI

± &/%�6OLFH
± (PEHGGHG�0XOWLSOLHU

� 0HWKRGRORJ\
± &UHDWLQJ�0XOWLSOLHUV�ZLWK�'LIIHUHQW�&RPELQDWLRQV�RI

� &/%�6OLFH��DQG
� (PEHGGHG�0XOWLSOLHU

± 6HOHFWLQJ�D�3URSHU�0XOWLSOLHU�IRU�D�*LYHQ�0XOWLSOLFDWLRQ�
2SHUDWLRQ�LQ�DQ�$SSOLFDWLRQ�VXFK�WKDW�WKH�8WLOL]DWLRQV�
RI�&/%�6OLFH�DQG�(PEHGGHG�0XOWLSOLHU�DUH�EDODQFHG�

2XWOLQHV
� 5HODWHG�:RUN
� 65&��(�3ODWIRUP�2YHUYLHZ
� 0RWLYDWLQJ�([DPSOH
� 3UREOHP�)RUPXODWLRQ
� 7ZR�$OJRULWKPV�IRU�6ROYLQJ�WKH�3UREOHP
� ([SHULPHQW�5HVXOWV



�

5HODWHG�:RUN
� $�1RYHO��'�)LOWHU�'HVLJQ�0HWKRGRORJ\�)RU�+HWHURJHQHRXV�'HYLFHV��)&&0�����

± 8VLQJ�6LQJXODU�9DOYH�'HFRPSRVLWLRQ�WR�DSSUR[LPDWH�D��'�)LOWHU�ZLWK�D�QXPEHU�RI��;�'�FRQYROXWLRQV�DQG�RQH�ORZ�FRPSOH[LW\��'�FRQYROXWLRQ� 7KLV�UHGXFHV�WKH�QXPEHU�RI�KLJK�SUHFLVLRQ�PXOWLSOLHUV�UHTXLUHG�IRU�LPSOHPHQWDWLRQ�
� 0LJUDWLQJ�)XQFWLRQDOLW\�)URP�520V�WR�(PEHGGHG�

0XOWLSOLHUV��)&&0�����
± 8VLQJ�XQLIRUP�SLHFHZLVH�SRO\QRPLDO�DSSUR[LPDWLRQ�

5HODWHG�:RUN��&RQW��
� 5HJLVWHU�%LQGLQJ�IRU�)3*$V�ZLWK�(PEHGGHG�0HPRU\��

)&&0�����
± 0DSSLQJ�YDULDEOHV�WR�HPEHGGHG�5$0V�UDWKHU�WKDQ�UHJLVWHUV��7KLV�

UHVXOWV�LQ�ODUJH�VDYLQJ�LQ�)3*$�VOLFHV�DW�WKH�H[SHQVH�RI�LQFUHDVHG�
XVH�RI�)3*$�HPEHGGHG�5$0V�

� 60$3��+HWHURJHQHRXV�7HFKQRORJ\�0DSSLQJ�IRU�$UHD�
5HGXFWLRQ�LQ�)3*$V�ZLWK�(PEHGGHG�0HPRU\�$UUD\V��
± ,GHQWLI\LQJ�SDUW�RI�WKH�FLUFXLW�WKDW�FDQ�EH�LPSOHPHQWHG�LQ�

HPEHGGHG�5$0V�



�

65&��(�3ODWIRUP�2YHUYLHZ
+DUGZDUH�$UFKLWHFWXUH
� 'XDO�0LFURSURFHVVRU�%RDUG
� 0$3� 3URFHVVRU

± 7ZR�;LOLQ[� 9LUWH[�,,�)3*$�
&KLSV

± 6L[��0%�%DQNV�RI�2Q�%RDUG�
0HPRULHV

� &RQQHFWHG�YLD�61$3� &DUG�
:KLFK�3OXJ�,QWR�WKH�',00�
6ORW�RQ�WKH�0LFURSURFHVVRU�
%RDUG�

65&��(�3ODWIRUP�2YHUYLHZ
3URJUDPPLQJ�0RGHO

Application sources

.mc or.mf files

Microprocessor
Compiler

MAP
Compiler

.o files .o files

Linker

Macro sources

.vhd or.v files

Logic
Synthesis

Place & Route

.ngo files

.v files

.bin files
Configuration 

bitstreamsApplication executable

.c or.f files



�

0RWLYDWLQJ�([DPSOH
� ))7�&RPSXWDWLRQ�2YHU�DQ�

$UUD\�RI�&RPSOH[�9HFWRUV
� ))7�)XQFWLRQ�8QLW

± &RPSXWLQJ�))7�RYHU�RQH�
FRPSOH[�YHFWRU

± 8VLQJ�RQH�RQ�ERDUG�EDQN�RI�
PHPRU\

� 7KUHH�))7�)XQFWLRQ�8QLWV�
DUH�([SHFWHG�WR�3XW�RQ�DQ�
)3*$�&KLS�

� %XW��7KH\�'R�QRW�)LW�

� )3*$�5HVRXUFH�
8WLOLWLHV�RI�WKH�))7�
)XQFWLRQ�8QLW

36%52MULT18××��V������

4%6Block RAMs (144)

26%8,846 Slices (33,792)

UtilitiesFPGA Resources

0RWLYDWLQJ�([DPSOH��&RQW��
� %DODQFLQJ�WKH�)3*$�5HVRXUFH�8WLOLWLHV

± $�VOLFH�EDVHG�PXOWLSOLHU�PDFUR�LV�LPSOHPHQWHG�
± )RXU�PXOWLSOLFDWLRQV�DUH�DOORFDWHG�WR�WKH�VOLFH�EDVHG�
PXOWLSOLHU�PDFURV�

± 7KUHH�))7�IXQFWLRQ�XQLWV�ILW�RQ�RQH�)3*$�FKLS�
� )3*$�5HVRXUFH�8WLOLWLHV

83%12027%40MULT18××18s (144)

12%184%6Block RAMs (144)

77%26,09829%9,816Slices (33,792)

Three UnitsOne UnitFPGA Resources



�

3UREOHP�)RUPXODWLRQ
(QXPHUDWLQJ�5HODWHG�0XOWLSOLHU�0DFURV
� 7\SH�$����ELW×��ELW�Æ ��ELW

± 0XOWLSOLHU�0DFURV�0$���0$���0$���DQG 0$� ZLWK�������
���DQG���08/7��×��V��UHVSHFWLYHO\

� 7\SH�%����ELW×��ELW�Æ ��ELW
± 0XOWLSOLHU�0DFURV�0%���0%���DQG 0%� ZLWK�������DQG���
08/7��×��V��UHVSHFWLYHO\

� 7\SH�&����ELW×��ELW�Æ ��ELW
± 0XOWLSOLHU�0DFURV�0&��DQG 0&� ZLWK���DQG���
08/7��×����UHVSHFWLYHO\

3UREOHP�)RUPXODWLRQ
1RWDWLRQV

1XPEHU�RI�7\SH�&�PXOWLSOLFDWLRQV1&
1XPEHU�RI�7\SH�%�PXOWLSOLFDWLRQV1%
1XPEHU�RI�7\SH�$�PXOWLSOLFDWLRQV1$
1XPEHU�RI�0DFUR�0&Q �Q ������XVHG1&Q�Q �����
1XPEHU�RI�0DFUR�0%Q �Q ������XVHG1%Q�Q �����
1XPEHU�RI�0DFUR 0$Q �Q ������XVHG1$Q�Q �����
)3*$�VOLFHV�XVHG�E\�0DFUR�0&Q �Q �����6&Q�Q �����
)3*$�VOLFHV�XVHG�E\�0DFUR�0%Q �Q �����6%Q�Q �����
)3*$�VOLFHV�XVHG�E\�0DFUR�0$Q �Q �����6$Q�Q �����
0HDQLQJ1RWDWLRQ



�

3UREOHP�)RUPXODWLRQ
1RWDWLRQV��&RQW��

1XPEHU�RI�)3*$�VOLFH�XVHG�IRU�WKH�FRPSXWDWLRQ16�&
1XPEHU�RI�)3*$�VOLFH�XVHG�IRU�WKH�LQWHUIDFH16�,
1XPEHU�RI�EORFN�5$0V�XVHG�ZLWK����ELWV1%0��
1XPEHU�RI�EORFN�5$0V�XVHG�ZLWK�XS�WR����ELWV1%0��
1XPEHU�RI�EORFN�5$0V�XVHG1%0
7RWDO�QXPEHU�RI�EORFN�5$0V71%5
7RWDO�QXPEHU�RI�EORFN�PXOWLSOLHUV71%0
7RWDO�QXPEHU�RI�)3*$�VOLFHV716
0HDQLQJ1RWDWLRQ

3UREOHP�)RUPXODWLRQ
&RQGLWLRQV�DQG�$OORFDWLRQ�&RQVWUDLQWV
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3UREOHP�)RUPXODWLRQ
%DODQFH�&RQVWUDLQWV
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)4()( CNSCCompNBMCMult =%DODQFH�&RQVWUDLQW
6OLFH�ERXQG�&RQVWUDLQW
%ORFN�PXOWLSOLHU�ERXQG�
&RQVWUDLQW

)4()( CNSCCompNBMCMult ≥

)4()( CNSCCompNBMCMult ≤

3UREOHP�)RUPXODWLRQ
'HWHUPLQH 1$Q �Q ������������ 1%Q �Q ����������DQG 1&Q �Q ������WR�PLQLPL]H�16�& DQG�VXEMHFW�WR� WKH� DOORFDWLRQ� FRQVWUDLQW� DQG� WKH� EDODQFH�
FRQVWUDLQW

'HWHUPLQH 1$Q �Q ������������ 1%Q �Q ����������DQG 1&Q �Q ������WR�PLQLPL]H�16�& DQG�VXEMHFW�WR� WKH�DOORFDWLRQ�FRQVWUDLQW�DQG�WKH�VOLFH�ERXQG�
FRQVWUDLQW

3�

3�



�

3UREOHP�)RUPXODWLRQ
'HWHUPLQH 1$Q �Q ������������ 1%Q �Q ����������DQG 1&Q �Q ������WR�PLQLPL]H�1%0 DQG�VXEMHFW�
WR� WKH� DOORFDWLRQ� FRQVWUDLQW� DQG� WKH� EDODQFH�
FRQVWUDLQW

'HWHUPLQH 1$Q �Q ������������ 1%Q �Q ����������DQG 1&Q �Q ������WR�PLQLPL]H�1%0 DQG�VXEMHFW�
WR� WKH� DOORFDWLRQ� FRQVWUDLQW� DQG� WKH� EORFN�
PXOWLSOLHU�ERXQG�FRQVWUDLQW

4�

4�

3UREOHP�)RUPXODWLRQ
3URSRVLWLRQV
� 0LQLPL]LQJ�16�& LPSOLHV�PD[LPL]LQJ�&&RPS�16�&�
� 0LQLPL]LQJ�1%0 LPSOLHV�PD[LPL]LQJ�&0XOW�1%0��
� ,I��3�� KDV�D�VROXWLRQ�WR�D�SUREOHP��WKHQ�LW�PXVW�EH�WKH�
VROXWLRQ�RI��3���WR�WKH�VDPH�SUREOHP�

� ,I��4���KDV�D�VROXWLRQ�WR�D�SUREOHP��WKHQ�LW�PXVW�EH�WKH�
VROXWLRQ�RI��4���WR�WKH�VDPH�SUREOHP��

� ,I�ERWK��3���DQG��4���KDYH�VROXWLRQV�WR�WKH�VDPH�
SUREOHP��WKHQ�ERWK�VROXWLRQV�PXVW�VDWLVI\�WKH�EDODQFH�
FRQVWUDLQW��DQG�WKHQ�WKH�VROXWLRQ�RI��3���LV�DOVR�WKH�
VROXWLRQ�RI��3���DQG�WKH�VROXWLRQ�RI��4���LV�DOVR�WKH�
VROXWLRQ�RI��4����



��

7ZR�$OJRULWKPV
� 1DwYH�DOJRULWKP��([KDXVWLYH�VHDUFK

± &RPSOH[LW\���1$����î�1%����î�1&����
� *UHHG\�DOJRULWKP�IRU�VROYLQJ��3��

± ,QLWLDO�FRQGLWLRQ

± %DVLF�LGHD��'HFUHDVH�1%0�E\�RQH�DW�RQH�VWHS�DQG�
NHHS�16�&�ZLWK�D�PLQLPDO�LQFUHDVH�DW�HDFK�VWHS�XQWLO�
&0XOW�1%0��� &&RPS�16�&��
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 and 0

 and 0

 and 0

([SHULPHQW�5HVXOWV
&RQVWDQW�DQG�LQLWLDO�YDOXHV

���6$��1%5��
���6$��1%5��

��6&����6$�����16�,
���6&����6$�����16�&�

��6%��1&���71%5
���6%��1%���71%0
���6%���1$�����716



��

([SHULPHQW�5HVXOWV

1�$���������������&RPSOH[LW\
����0D[�&RSLHV
��������1%0
����������������16�&
����1&�
����1&�
����1%�
����1%�
����1%�
�������1$�
�����1$�
����1$�
����1$�

4��RU�4�3��RU�3� 0DQXDO*UHHG\
3�

1DwYH
3DUDPHWHU

&RQFOXVLRQV
� $Q�)3*$�PRGXOH�VHOHFWLRQ�SUREOHP�LV�
IRUPXODWHG�WR�GHDO�ZLWK�EDODQFLQJ�)3*$�
UHVRXUFHV�

� $Q�HIILFLHQW�JUHHG\�DOJRULWKP�WR�VROYH�WKH�
SUREOHP�DUH�SURYLGHG�

� 0RUH�ZRUN�VKRXOG�EH�GRQH�LQ�)XWXUH


