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$EVWUDFW
�
7KLV�UHSRUW�LV�DERXW�LPSOHPHQWLQJ�WKH�JDPH�7RZHU�'HIHQFH�RQ�D�)3*$�1H[\V���ERDUG��
7RZHU�'HIHQFH�LV�D�FODVVLF�JDPH�ZKHUH�WKH�SOD\HUV¶�JRDO�LV�WR�SUHYHQW�HQHPLHV�IURP�
GHVWUR\LQJ�WKH�SOD\HUV�EDVH�E\�EXLOGLQJ�WRZHUV�WKDW�NLOOV�WKH�HQHPLHV�
�
0RGXOHV�KDYH�WR�EH�DGGHG�WR�WKH�VWDQGDUG�KDUGZDUH�RQ�WKH�)3*$��7KH�JDPH�ORJLF�
QHHGV�D�WLPHU�DQG�D�NH\ERDUG�FRQWUROOHU��7KH�WLPHU�XSGDWHV�WKH�JDPH�LQ�D�VSHFLILF�WLPH�
LQWHUYDO�DQG�WKH�NH\ERDUG�FRQWUROOHU�LQWHUUXSWV�WKH�JDPH�ZKHQ�D�NH\�LV�SUHVVHG�
�
7KH�JDPH�LV�GLVSOD\HG�RQ�D�VFUHHQ�RYHU�9*$��7R�GR�WKLV�D�9*$�FRQWUROOHU�LV�XVHG�ZKLFK�
LV�FRQQHFWHG�WKURXJK�D�EXV�WR�WKH�0LFUREOD]H��7KH�9*$�FRQWUROOHU�LV�DOVR�FRQQHFWHG�WR�
D�EDFNJURXQG�JHQHUDWRU��D�IRUHJURXQG�JHQHUDWRU�DQG�D�PRXVH�GLVSOD\HU�ZKLFK�GHFLGHV�
ZKDW�WR�VKRZ�RQ�WKH�VFUHHQ�
�
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Flavius Gruian


Flavius Gruian
There is "no standard hardware on an FPGA". You mean the Wizard generated system.



7DEOH�RI�&RQWHQWV
�

$EVWUDFW �
7DEOH�RI�&RQWHQWV �
��,QWURGXFWLRQ �
��+DUGZDUH�VROXWLRQ �

����*UDSKLF�DFFHOHUDWRU �
������9*$�FRQWUROOHU �
������%DFNJURXQG�JHQHUDWRU �
������)RUHJURXQG�JHQHUDWRU �
������0RXVH�GLVSOD\HU �

����*DPH�ERDUG�PHPRU\ ��
����36��FRQWUROOHU ��
����'HYLFH�8WLOL]DWLRQ�6XPPDU\ ��

��6RIWZDUH�VROXWLRQV ��
����7LPHU ��
����.H\ERDUG ��
����*DPH�ORJLF ��
����5HJLVWHUV�	�PHPRU\ ��

������5HJLVWHUV ��
������0HPRU\ ��

��,QVWDOODWLRQ�PDQXDO ��
��3UREOHPV ��

����+DUGZDUH ��
����6RIWZDUH ��

��/HVVRQV�OHDUQHG ��
��&RQWULEXWLRQV ��
��5HIHUHQFH ��
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��,QWURGXFWLRQ
�
7KLV�UHSRUW�GHVFULEHV�KRZ�WR�LPSOHPHQW�WKH�JDPH�7RZHU�'HIHQVH�ZLWK�D�1H[XV���
)3*$��7RZHU�'HIHQVH�LV�D�VWUDWHJ\�JDPH��ZKHUH�WKH�SOD\HU�EXLOGV�WRZHUV�WR�NLOO�WKH�
HQHP\��ZKR�DUH�WU\LQJ�WR�GHVWUR\�\RXU�EDVH�

�
7KH�ILQDO�DUFKLWHFWXUH�LV�DOPRVW�DV�WKH�LQLWLDO�SURSRVDO��7KH�PDLQ�GLIIHUHQW�LV�WKDW�D�
NH\ERDUG�LV�XVHG�LQVWHDG�RI�D�PRXVH��7KH�0LFUREOD]H�ZDV�DOVR�FRQQHFWHG�WR�WKH�%5$0��
WR�EH�DEOH�WR�XSGDWH�WKH�PDWUL[�RI�WKH�JDPHERDUG�ZKLFK�DUH�VDYHG�KHUH��
'XH�WR�ODFN�RI�WLPH�WKH�DXGLR�FRQWUROOHU�ZDV�QHYHU�LPSOHPHQWHG�

�

)LJXUH����%ORFN�GLDJUDP�RI�WKH�LPSOHPHQWDWLRQ
�
7KH�JDPH�ORJLF�LV�LPSOHPHQWHG�LQ�VRIWZDUH��$�SOD\HU�FRQWUROV�WKH�JDPH�ZLWK�D�NH\ERDUG�
DQG�WKH�JDPH�ORJLF�UHDFWV�WR�WKH�NH\VWURNHV�WKURXJK�LQWHUUXSWV��7KH�JDPH�ORJLF�LV�
XSGDWHG�ZLWK�WLPHU�SROOLQJ�DQG�DW�HDFK�SROOLQJ�WKH�VRIWZDUH�VHQGV�LQIRUPDWLRQ�DERXW�
ZKDW�WR�GLVSOD\�RQ�WKH�PRQLWRU��7KLV�GDWD�LV�VHQW�WR�KDUGZDUH�WKURXJK�WKH�3/%�DQG�DUH�
XVHG�LQ�%5$0�DQG�WKH�JUDSKLF�DFFHOHUDWRU��7KH�JUDSKLF�DFFHOHUDWRU�DUH�UHVSRQVLEOH�RI�
GLVSOD\LQJ�WKH�EDFNJURXQG��WKH�IRUHJURXQG�DQG�WKH�FXUVRU��:KDW�WR�EH�GLVSOD\HG�LQ�WKH�
IRUHJURXQG�DUH�GHFLGHG�E\�WKH�JDPHORJLF�DQG�WKLV�LV�VWRUHG�LQ�%5$0�
�

��+DUGZDUH�VROXWLRQ
7KH�PDLQ�VWUXFWXUH�RI�WKH�KDUGZDUH�FRQVLVWV�RI�D�0LFUREOD]H��JUDSKLF�DFFHOHUDWRU�DQG�
D�PHPRU\�ZKLFK�FRQWDLQV�WKH�ERDUG�JDPHV�RXWSXW��7KH�GLIIHUHQFH�FRPSRQHQWV�DUH�
FRQQHFWHG�YLD�D�EXV�DQG�LQWHUQDO�VLJQDOV��$OO�WKH�FRPPXQLFDWLRQ�WKURXJK�WKH�0LFUREOD]H�
LV�GRQH�E\�WKH�EXV�ZKLFK�LV�FRQQHFWHG�WR�GLIIHUHQW�UHJLVWHUV�RQ�WKH�JUDSKLF�DFFHOHUDWRU�
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Flavius Gruian
game logic



DQG�WKH�PHPRU\�
�

����*UDSKLF�DFFHOHUDWRU
7R�PDNH�WKH�JUDSKLFV�RQ�WKH�PRQLWRU�WR�ZRUN��D�YJD�FRQWUROOHU�LV�QHHGHG��%HVLGHV�WKH�
YJD�FRQWUROOHU�WKH�FRORU�WR�WKH�PRQLWRU�QHHGV�WR�EH�FRQWUROOHG��,Q�WKLV�VROXWLRQ�WKHUH�LV�D�
EDFNJURXQG�JHQHUDWRU��IRUHJURXQG�JHQHUDWRU�DQG�D�PRXVH�GLVSOD\HU
�
%\�SXWWLQJ�EDFNJURXQG�JHQHUDWRU��IRUHJURXQG�JHQHUDWRU�DQG�PRXVH�GLVSOD\HU�DIWHU�HDFK�
RWKHU�WKH�5*%�RXWSXW�FDQ�EH�FRQWUROOHG��7KH�FRPSRQHQWV�DUH�SODFHG�DIWHU�LWV�SULRULW\�
LQ�ZKLFK�OD\HU�WKH�RXWSXW�VKRXOG�EH��7KH�ERWWRP�OD\HU�FRQVLVWV�RI�WKH�EDFNJURXQG�DQG�
RQ�WKH�WRS�RI�EDFNJURXQG�WKH�IRUHJURXQG�VKRXOG�EH�SODFHG��7KH�ODVW�OD\HU�LV�WKH�PRXVH�
GLVSOD\HU�ZKLFK�VKRXOG�DOZD\V�EH�YLVLEO\�RQ�WKH�VFUHHQ�

)LJXUH����%ORFN�GLDJUDP�RI�WKH�JUDSKLFV�DFFHOHUDWRU
�

������9*$�FRQWUROOHU
%HIRUH�VHQGLQJ�WKH�5*%�FRORU�WR�WKH�PRQLWRU�LW¶V�LPSRUWDQW�WR�NQRZ�ZKHQ�LW¶V�SRVVLEOH�
WR�VHQG�WKH�5*%�FRORU��7KH�9*$�FRQWUROOHU�LQ�WKLV�SURMHFW�ZDV�DOUHDG\�ILQLVKHG��DQG�
LPSOHPHQWHG�LQWR�WKH�KDUGZDUH��7KH�EHKDYLRU�RI�WKH�FRQWUROOHU�LV�GHVFULEHG�EHORZ�
�
,W¶V�RQO\�GXULQJ�����FF��FORFN�F\FOHV��RI�����FF�RQ�KRUL]RQWDO�OLQH�LW¶V�SRVVLEOH�WR�ZULWH�WR�
WKH�9*$�RXWSXW��7KH�UHDVRQ�IRU�WKDW�LV�EHFDXVH�WKH�KRUL]RQWDO�VFDQ�QHHGV�WR�UHWUDFH�
DQG�UHVWDUW�WR�SUHSDUH�IRU�WKH�QH[W�VFDQ�RI�KRUL]RQWDO�OLQH��)RU�WKH�YHUWLFDO�OLQH�LW¶V�WKH�
VDPH�SULQFLSOH�EXW�LQVWHDG�RI�FF�LW�KDV�KF��KRUL]RQWDO�F\FOHV���%HFDXVH�WKH�YHUWLFDO�OLQH�
KDV�WR�UHWUDFH�DQG�SUHSDUH�IRU�WKH�QH[W�IUDPH��7KH�YHUWLFDO�OLQH�KDV�����KF�LQ�WKH�UDQJH�

�
�
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Flavius Gruian
Memory mapped access to the accelerator?

Flavius Gruian




RI�����KF�IRU�RQH�IUDPH�
�
7KH�VROXWLRQ�IRU�NQRZLQJ�ZKHQ�WR�ZULWH�LV�GRQH�E\�D�VLJQDO�FDOOHG�EODQN��ZKLFK�JRHV�
ORZ�ZKHQ�LW¶V�SRVVLEOH�WR�ZULWH��7R�NQRZ�ZKLFK�SL[HO�WR�ZULWH�WR�WZR�VLJQDOV�FDOOHG�
KRUL]RQWDO�V\QF��+6��DQG�YHUWLFDO�V\QF��96��DUH�JHQHUDWHG��7KHVH�VLJQDOV�NHHSV�WUDFN�RI�
FXUUHQW�KRUL]RQWDO�DQG�YHUWLFDO�SRVLWLRQ�RI�WKH�SL[HO�WKH�FRUUHVSRQGLQJ�VFDQ�FXUUHQWO\�LV�
UHSUHVHQWLQJ�
�
7KH�PRQLWRU�QHHGV�WR�XSGDWH�ZLWK�D�IUHTXHQF\�RI����IUDPHV�SHU�VHFRQG�WR�DYRLG�
IOLFNHU��$�FORFN�ZLWK����0+]�LV�HQRXJK�IRU�WKLV�GHPDQG��7KLV�FORFN�LV�V\QFKURQL]HG�
ZLWK�WKH�EDFNJURXQG�JHQHUDWRU��WKH�IRUHJURXQG�JHQHUDWRU�DQG�WKH�PRXVH�GLVSOD\HU�IRU�
V\QFKURQL]DWLRQ�RI�WKH�5*%�RXWSXWV�
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�
�



�
)LJXUH����'HPRQVWUDWLRQ�RQ�KRZ�WKH�PRQLWRU�VFDQ�ZRUNV
�

������%DFNJURXQG�JHQHUDWRU
7R�JHQHUDWH�WKH�EDFNJURXQG�D�EDFNJURXQG�JHQHUDWRU�LV�XVHG��7KH�EDFNJURXQG�LV�QHYHU�
FKDQJHG�DQG�WKHUHIRUH�WKH�FRQWDLQV�RI�KRZ�WKH�EDFNJURXQG�VKRXOG�EH�GLVSOD\HG�LV�
VWRUHG�LQ�D�520�PHPRU\�
�
7KH�EDFNJURXQG�LV�EXLOW�XS�E\�WLOHV�RI���[���SL[HOV��7LOHV�RI���[���EXLOGV�XS�WKH�OHIW�VLGH�
RI�WKH�EDFNJURXQG�ZKLFK�FRQWDLQV�WKH�JUDVV�DQG�SDWK��7KH�UHPDLQLQJ�ULJKW�VLGH�LV�JUD\��
7KH�JUD\�DUHD�LV�GLVSOD\LQJ�WKH�PHQX��VFRUH�DQG�OLYHV��+HUH�LW¶V�DOVR�D�WRZHU�ZKLFK�WKH�
XVHU�KDV�WR�FKRRVH�IRU�WKH�WRZHU�WR�EH�SODFHG�
�

�
�
�

Flavius Gruian
You should always give the source of your pictures, if you borrowed them from somewhere!
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��
)LJXUH����$�VFUHHQVKRW�RI�WKH�JDPH
�
:KHQ�VWRULQJ�WKH�LQIRUPDWLRQ�RI�WKH�EDFNJURXQG�LQ�WKH�520�LW�ZLOO�EH�VWRUHG�OLNH�D�ORQJ�
YHFWRU��%\�FKRRVLQJ�HDFK�KRUL]RQWDO�OLQH�RI����WLOHV�WKH�WHFKQLF�RI�KRZ�WR�JHW�WKH�FRUUHFW�
WLOH�ZRXOG�EH�HDVLHU��7KH�ODVW���WLOHV�DUH�MXVW�RYHUZULWH�E\�WKH�JUD\�DUHD��%\�XVLQJ�WKH�
QXPEHU����D�VKLIW�RSHUDWLRQ�FRXOG�EH�GRQH�HDVLO\�IRU�WKH�FDOFXODWLRQ�RI�WKH�WLOH��)RU�HDFK�
YHUWLFDO�OLQH�WR�E\�GLVSOD\�DQ�LQWHJHU�GLYLVLRQ�RI����RI�WKH�YHUWLFDO�OLQH�LV�GRQH��WKH�VDPH�
LV�GRQH�IRU�WKH�KRUL]RQWDO�OLQH��7KHQ�E\�LQFUHDVLQJ�WKH�QXPEHU�E\�D�PXOWLSOLFDWLRQ�RI����
IRU�WKH�YHUWLFDO�OLQH�DQG�WKHQ�DGG�WKH�QXPEHU�RI�ZKLFK�KRUL]RQWDO�OLQH�WR�EH�GLVSOD\HG�WKH�
H[DFW�WLOH�LQ�WKH�ORQJ�YHFWRU�RI�WKH�520�LV�XVHG�
�
�
[GLII�� ��������	�KFRXQW����GRZQWR����
\GLII�� ��������	�YFRXQW����GRZQWR����
�
%\�VKLIWLQJ�ZLWK���ELWV�DQG�RQO\�XVH�WKH�06%�V�ZH�JHW�D�GLYLVLRQ�RI����DQG�DQ�LQWHJHU�DV�
UHVXOW��7KLV�LV�GRQH�IRU�SODFLQJ�WKH�FRUUHFW�SL[HO�LQ�ULJKW�WLOH���
�
5RPDGGUHVV� ���\GLII����GRZQWR������	��[GLII���GRZQWR����
�
7KH�HTXDWLRQ�DERYH�VKRZ�KRZ�WR�FDOFXODWH�ZKLFK�520�DGGUHVV�WR�EH�UHDG��%\�
VKLIWLQJ�µ\GLII¶�E\���ELWV�D�PXOWLSOLFDWLRQ�RI����LV�GRQH�
�

�
�
�

Flavius Gruian
Ok! Detailed enough description of how the background works.



1RZ�WKH�EDFNJURXQG�NQRZV�ZKDW�WR�EH�GLVSOD\HG�DQG�LW�ZLOO�WKHQ�VHQG�WKH�5*%�FRORU�IRU�
WKH�REMHFW�IXUWKHU�LQWR�WKH�IRUHJURXQG�JHQHUDWRU�
�

������)RUHJURXQG�JHQHUDWRU
7KH�UHVSRQVLELOLW\�RI�WKH�IRUHJURXQG�JHQHUDWRU�LV�WR�GLVSOD\�HQHPLHV��WRZHUV��VFRUH�
DQG�OLYHV��7KH�IRUHJURXQG�JHQHUDWRU�JHWV�LWV�LQIRUPDWLRQ�RI�HQHPLHV�DQG�WRZHUV�IURP�D�
%5$0�PHPRU\��7KH�PHWKRG�IRU�GLVSOD\LQJ�DQG�JHW�WKH�LQIRUPDWLRQ�LV�WKH�VDPH�DV�LQ�WKH�
EDFNJURXQG�JHQHUDWRU�EXW�ZLWK�VRPH�PRGLILFDWLRQ��,QVWHDG�RI�D�520�LW�XVHV�D�%5$0�
�*DPH�ERDUG�PHPRU\��DQG�WKH�HQHPLHV�DQG�WRZHUV�FRQWDLQV�RI���[���SL[HO�VR�WKH�
PRGXOR�LV�FKDQJHG�WR����
�
7KH�JUDSKLFV�RI�KRZ�DQ�HQHP\�DQG�D�WRZHU�ORRNV�OLNH�LV�VWRUHG�LQ�D�520�PHPRU\���7KH�
VKDSH�RI�WKH�REMHFWV�LV�GRQH�E\�KDYLQJ�µ�¶�IRU�FRORU�DQG�µ�¶�IRU�WUDQVSDUHQW�
�
7KH�VFRUH�DQG�OLYHV�DUH�VWRUHG�LQWR�D�UHJLVWHU��7KH�UHJLVWHU�LV�XSGDWHG�IURP�WKH�
0LFUREOD]HU�YLD�WKH�EXV��%\�XVLQJ�D�ELQDU\�WR�%&'�ELQDU\�FRGHG�GHFLPDO��FRPSRQHQW�
WKH�FRUUHFW�QXPEHU�FDQ�EH�GLVSOD\HG��7KH�VKDSH�RI�HDFK�QXPEHU�IURP�]HUR�WR�QLQH�
LV�VWRUHG�LQWR�D�520�DQG�KDV��DV�WKH�WRZHU�DQG�HQHP\��LQIRUPDWLRQ�DERXW�LI�WKH�SL[HO�
VKRXOG�EH�WUDQVSDUHQW�RU�QRW�
�
,I�WKH�IRUHJURXQG�GLVFRYHUV�GXULQJ�WKH�VFDQ�RI�WKH�PRQLWRU�WKDW�LW�VKRXOG�GLVSOD\�
VRPHWKLQJ�LW�ZLOO�UHSODFH�WKH�FRORUV�IURP�WKH�EDFNJURXQG�DQG�WXUQ�LW�LQWR�LWV�RZQ��LQ�RWKHU�
FDVH�WKH�FRORUV�IURP�WKH�EDFNJURXQG�MXVW�SDVVHV�E\�WKH�IRUHJURXQG�JHQHUDWRU��7KH�
IRUHJURXQG�JHQHUDWRU�VHQGV�WKH�FRORU�WR�WKH�PRXVH�GLVSOD\HU��7KLV�LV�DOO�GRQH�SL[HO�E\�
SL[HO�
�

������0RXVH�GLVSOD\HU
7KH�ODVW�VWHS�LV�WR�GLVSOD\�WKH�PRXVH�RYHU�WKH�IRUHJURXQG�DQG�LWV�RXWSXW�VLJQDOV��UHG��
JUHHQ�DQG�EOXH��5*%���DUH�FRQQHFWHG�GLUHFWO\�WR�WKH�SLQ�DW�WKH�)3*$�
7KH�PRXVH�GLVSOD\HU�ZDV�WDNHQ�IURP�'LJLOHQWV�ZHEVLWH��DQG�MXVW�PRGLILHG�WR�EH�DEOH�WR�
FKDQJH�WKH�FXUVRU�ZKHQ�D�WRZHU�ZDV�VHOHFWHG��

�
�
�

Flavius Gruian
Are you still using tiles to hold information? Or is it a list of objects or a fixed array of objects?
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Flavius Gruian
References are usually annotated by square brackets: [2]

Flavius Gruian
BTW: You might want to learn LATEX, which is a great help when writing reports like this.



)LJXUH����7KH�FRPSRQHQW�RI�WKH�PRXVH�GLVSOD\HU
�
;326�DQG�<326��ZKLFK�DUH�WKH�SRVLWLRQV�RI�WKH�PRXVH��DUH�WDNHQ�IURP�D�UHJLVWHU��VHQW�
IURP�VRIWZDUH��+&2817��9&2817�DQG�%/$1.�FRPHV�IURP�WKH�9*$�FRQWUROOHU��7KH�
5*%�LQ�VLJQDOV�DUH�IURP�WKH�IRUHJURXQG�JHQHUDWRU�
$�PRXVH�ZLOO�EH�GLVSOD\�LI�WKH�SOD\HUV�GRQ¶W�GHFLGH�WR�SODFH�D�WRZHU��WKHQ�WKH�FXUVRU�ZLOO�
FKDQJH�WR�ORRN�OLNH�D�VPDOO�WRZHU�XQWLO�WKH�WRZHU�LV�SODFHG�RQ�WKH�VFUHHQ�
�
7KH�SLFWXUHV�RI�WKH�PRXVH�DQG�WKH�WRZHU�DUH�VWRUHG�LQ�D�520�PHPRU\�DQG�DUH���[���
SL[HOV��7KH�GLIIHUHQFH�RI�+&2817�DQG�9&2817�DQG�WKH�SRVLWLRQ�RI�WKH�PRXVH��ZLOO�
GHFLGH�WKH�DGGUHVV�RI�WKH�520��)RU�VWRULQJ�WKH�SLFWXUH�RI�WKH�PRXVH���ELWV�DUH�XVHG��
ZKHUH�³��´�PHDQV�EODFN��³��´�LV�ZKLWH�DQG�WKH�RWKHUV�DUH�WUDQVSDUHQW��ZKLFK�PHDQV�WKDW�
WKH�5*%�VLJQDOV�LQ�ZLOO�EH�WKH�RXWSXW�
�

����*DPH�ERDUG�PHPRU\
7KLV�PHPRU\�LV�JHQHUDWHG�IURP�;LOLQ[��ZKHQ�FUHDWLQJ�D�QHZ�SHULSKHUDO�DQG�KDV�EHHQ�
PRGLILHG�WR�KDYH�WZR�SRUWV��ZKLFK�DUH�FRQQHFWHG�WR�WKH�IRUHJURXQG�JHQHUDWRU�
$�YHFWRU�RI�����UHSUHVHQWLQJ�D���[���PDWUL[�RI���ELWV�LV�VWRUHG�LQ�WKH�PHPRU\�DQG�WKH�
DGGUHVVHV�DUH�XSGDWHG�IURP�WKH�0LFUREOD]H��YLD�3/%��7KH�PDWUL[�FRUUHVSRQGV�WR�WKH�
JDPH�ERDUG�DQG�HDFK�DGGUHVV�FRQWDLQV�LQIRUPDWLRQ�RI�ZKDW�WR�VKRZQ�RQ�WKH�VFUHHQ��
7KH�LQSXW�VLJQDO�IURP�WKH�IRUHJURXQG�JHQHUDWRU�GHFLGHV�WKH�UHDG�DGGUHVV�DQG�WKH�RXWSXW�
IURP�WKLV�PRGXOH�JLYHV�WKH�IRUHJURXQG�LQIRUPDWLRQ�DERXW�ZKDW�WR�GLVSOD\�
�

��
�
�



����36��FRQWUROOHU
7KH�36��FRQWUROOHU�RQO\�KDG�WR�EH�DGGHG�VLQFH�LW�FRXOG�EH�IRXQG�LQ�;LOLQ[�3ODWIRUP�
6WXGLR�ZKHQ�FUHDWLQJ�WKH�KDUGZDUH��$Q�LQWHUUXSW�FRQWUROOHU�ZDV�DGGHG�DQG�FRQQHFWHG�
WR�WKH�36��FRQWUROOHU�WR�EH�DEOH�WR�KDQGOH�ZKHQ�NH\V�DUH�SUHVVHG�RQ�WKH�NH\ERDUG��
7KH�H[WHUQDO�SRUWV�/���DQG�-���DUH�FRQQHFWHG�WR�WKH�36��FRQWUROOHU�UHSUHVHQWLQJ�WKH�
NH\ERDUG�

����'HYLFH�8WLOL]DWLRQ�6XPPDU\
7KH�WDEOH�EHORZ�VKRZ�KRZ�WKH�KDUGZDUH�UHVRXUFHV�DUH�XVHG��%HFDXVH�ZH�GLGQ¶W�KDYH�
WLPH�WR�LPSOHPHQW�UHDO�SLFWXUH�LQ�%5$0�WKH�PHPRU\�XVDJH�LV�VPDOO��

� 8VHG $YDLODEOH ��XWLOL]DWLRQ

6OLFHV�/876 ���� ���� ���

6OLFH�5HJLVWHUV ���� ����� ���

0HPRU\ ��� ���� ��

7DEOH����'HYLFH�8WLOL]DWLRQ�6XPPDU\
�

��6RIWZDUH�VROXWLRQV
7R�SXW�WKH�JDPH�WRJHWKHU�WKH�VRIWZDUH�FRQVLVWV�RI�D�WLPHU�IRU�XSGDWLQJ�WKH�JDPH��D�
NH\ERDUG�IRU�UHDGLQJ�LQSXWV�IURP�WKH�SOD\HU��WKH�JDPH�ORJLF�DQG�VHQGV�LQIRUPDWLRQ�WR�
UHJLVWHUV�DQG�PHPRU\�IRU�GHFLGLQJ�ZKDW�WR�GLVSOD\�RQ�WKH�VFUHHQ��7KH�VRIWZDUH�LV�ZULWWHQ�
LQ�&�SURJUDPPLQJ�ODQJXDJH�DQG�ZULWHV�YDOXHV�WR�WKH�KDUGZDUH��7KH�KDUGZDUH�WKHQ�
UHDGV�WKH�YDOXHV�DV�ELWV��WKHUHIRUH�D�FRPPRQ�UHSUHVHQWDWLRQ�RI�WKH�YDOXHV�LQ�VRIWZDUH�
DQG�KDUGZDUH�KDG�WR�EH�GHFLGHG�
�

����7LPHU
)RU�XSGDWLQJ�WKH�JDPH�LQ�D�VSHFLILF�WLPH�LQWHUYDO�D�WLPHU�LV�XVHG��$W�HDFK�WLPHU�LQWHUYDO�
FRGH�LV�H[HFXWHG�LQ�WKH�JDPH�ORJLF�DQG�D�UHVHW�RI�WKH�WLPHU�LV�SHUIRUPHG��$�WLPHU�KDV�WR�
EH�DGGHG�WR�WKH�KDUGZDUH�WR�EH�DEOH�WR�XVH�D�WLPHU�LQ�WKH�VRIWZDUH�
�
�

��
�
�

Flavius Gruian
When you talk about hardware is customary to also give the clock frequency, and the type of FPGA used (in this case).



����.H\ERDUG
$�NH\ERDUG�LV�XVHG�DV�JDPH�FRQWUROOHU�DQG�DQ�LQWHUUXSW�FRQWUROOHU�KDQGOHV�NH\V�SUHVVHG�
RQ�WKH�NH\ERDUG��7KH�LQWHUUXSW�FRQWUROOHU�PRYHV�WKH�FXUVRU�ZKHQ�SUHVVLQJ�µZ¶��µD¶��µV¶�
DQG�µG¶��µN¶�LV�D�PXOWLIXQFWLRQDO�EXWWRQ�DQG�µO¶�LV�XVHG�IRU�UHVHWWLQJ�WKH�JDPH��7KH�FXUVRU�
KDV�WZR�UHSUHVHQWDWLRQV��RQH�IRU�WKH�JDPH�ORJLF�DQG�RQH�IRU�WKH�PRXVH�GLVSOD\HU�IRU�
UHPRYLQJ�XQQHFHVVDU\�FRQYHUVLRQV��7R�FKDQJH�WKH�DSSHDUDQFH�RU�SRVLWLRQ�RI�WKH�FXUVRU�
WKH�SURJUDP�ZULWHV�WR�D�UHJLVWHU�
�

����*DPH�ORJLF
7KH�JDPH�ORJLF�ELQGV�HYHU\WKLQJ�WRJHWKHU��,W�XSGDWHV�WKH�JDPH�HDFK�WLPH�SROOLQJ�LV�
GRQH�RQ�WKH�WLPHU��$W�HDFK�XSGDWH�WKH�SURJUDP�FDQ�ILQLVK�WKH�JDPH�E\�VWRSSLQJ�WKH�
WLPHU�SROOLQJ��FKDQJH�WKH�VWDWH�RI�HQHPLHV�DQG�XSGDWH�WKH�PHQX��(YHU\�WLPH�VRPHWKLQJ�
LV�WR�EH�FKDQJHG�RQ�WKH�GLVSOD\�WKH�SURJUDP�ZULWHV�WR�WKH�%5$0�PHPRU\�ZKDW�WR�
UHPRYH�RU�ZKDW�WR�GLVSOD\��7KH�ERDUG�LV�GHILQHG�DV�D���[���PDWUL[�ZKHUH�HYHU\�HOHPHQW�
LQ�WKH�PDWUL[�FRUUHVSRQGV�WR�D�VTXDUH�RI���[���SL[HOV�DQG�WKH�ODVW�URZ�DQG�FROXPQ�LV�
MXVW�IRU�PDNLQJ�WKH�FDOFXODWLRQV�HDVLHU�LQ�WKH�KDUGZDUH��7R�XSGDWH�WKH�PDWUL[�ZLWK�QHZ�
YDOXHV�WZR�PDWUL[HV�DUH�XVHG�DQG�RQH�RI�WKHP�LV�DOZD\V�WKH�QHZ�LQVWDQFH�DQG�WKH�RWKHU�
RQH�LV�WKH�FXUUHQW�LQVWDQFH�
�

����5HJLVWHUV�	�PHPRU\
7KH�SURJUDP�VHQGV�LQIRUPDWLRQ�WR�UHJLVWHUV�DQG�PHPRU\�WR�EH�DEOH�WR�GHFLGH�ZKDW�WR�
VKRZ�RQ�WKH�GLVSOD\��7R�EH�DEOH�WR�VHQG�LQIRUPDWLRQ�WKH�SURJUDP�LQFOXGHV�GULYHUV�IRU�
UHJLVWHUV��9*$��DQG�PHPRU\��7KH�SURJUDP�FDQ�WKHQ�XVH�IXQFWLRQV�WR�ZULWH�WR�UHJLVWHUV�
DQG�PHPRU\��7KH�LQIRUPDWLRQ�LV�VHQW�LQ�IRUP�RI�LQWHJHUV�UHSUHVHQWHG�DV�KH[�RU�GHFLPDO�
DQG�LV�UHDG�E\�WKH�KDUGZDUH�DV�ELWV�
�

������5HJLVWHUV
)RU�GHFLGLQJ�FXUVRU�SRVLWLRQ��FXUVRU�DSSHDUDQFH��VFRUH�DQG�OLYHV��UHJLVWHUV�DUH�XVHG��
7KH�FXUVRU�SRVLWLRQ�LV�GHFLGHG�E\�UHJLVWHU���UHJ���ZKHUH�WKH�ILUVW�KDOI�RI�WKH�ELWV�LV�WKH�
[�SRVLWLRQ�DQG�WKH�RWKHU�KDOI�LV�WKH�\�SRVLWLRQ��:KHQ�VHQGLQJ�RQHV�WR�UHJ��WKH�FXUVRU�
FKDQJHV�LQWR�D�WRZHU�DQG�ZKHQ�VHQGLQJ�]HURV�WKH�FXUVRU�FKDQJHV�LQWR�D�PRXVH�FXUVRU��
6FRUH�DQG�OLYHV�DUH�SODFHG�LQ�UHJ��ZKHUH�WKH�ILUVW�KDOI�RI�WKH�ELWV�UHSUHVHQWV�OLYHV�DQG�
WKH�RWKHU�KDOI�UHSUHVHQWV�VFRUH�
�

��
�
�

Flavius Gruian
I do not quite understand here: Do you poll the timer? How does that work in order to keep a natural flow of the object movement? Since you use interrupts on the keyboard why not interrupts on the timer as well?



������0HPRU\
7KH�PHPRU\�LV�XVHG�LQ�DQRWKHU�ZD\�WKDQ�WKH�UHJLVWHUV��,QVWHDG�RI�VHQGLQJ�LQIRUPDWLRQ�
WR�WKH�VDPH�SODFH�DV�ZLWK�WKH�UHJLVWHUV��ZKHQ�VHQGLQJ�LQIRUPDWLRQ�WR�WKH�PHPRU\�LW�LV�
GHFLGHG�ZKHUH�RQ�WKH�PHPRU\�WKH�LQIRUPDWLRQ�ZLOO�EH�VHQW��7KH�PHPRU\�LV�UHSUHVHQWHG�
DV�D�ORQJ�YHFWRU��WR�GHFLGH�ZKHUH�RQ�WKH�PHPRU\�WR�VHQG�WKH�LQIRUPDWLRQ�WKH�PDWUL[�
SRVLWLRQ�LV�FRQYHUWHG�WR�D�YHFWRU�SRVLWLRQ�DQG�WKH�GDWD�LV�MXVW�VHQW�DV�D�VKRUW�QXPEHU�
UHSUHVHQWLQJ�D�W\SH�
�

��,QVWDOODWLRQ�PDQXDO
7R�UXQ�WKH�JDPH�D�NH\ERDUG�DQG�D�9*$�PRQLWRU�KDV�WR�EH�FRQQHFWHG�WR�D�1H[XV���
)3*$�ERDUG�DQG�WKH�ILOH�GRZQORDG�ELW�KDV�WR�EH�GRZQORDGHG�WR�WKH�ERDUG��7R�PRYH�
WKH�FXUVRU�WKH�NH\V�µD¶�¶Z¶�¶G¶�DQG�µV¶�DUH�XVHG�DQG�µN¶�LV�XVHG�IRU�FOLFNLQJ��HLWKHU�WR�EX\�D�
WRZHU�RU�WR�SODFH�LW��µO¶�LV�XVHG�IRU�UHVWDUWLQJ�WKH�JDPH�
�

��3UREOHPV
�

����+DUGZDUH
7KH�PDMRU�SUREOHP�GXULQJ�WKLV�SURMHFW�ZDV�WR�XQGHUVWDQG�KRZ�WKH�;LOLQ[�SURJUDP�ZRUNHG�
DQG�KRZ�WR�DGG�QHZ�FRPSRQHQWV��7KLV�SUREOHP�RFFXUUHG�EHFDXVH�D�QHZ�YHUVLRQ�ZDV�
XVHG�LQ�WKLV�FRXUVH�FRPSDUHG�ZLWK�WKH�SUHYLRXV�FRXUVH�DQG�ZH�KDG�QR�RWKHU�H[SHULHQFH�
ZLWK�;LOLQ[��$IWHU�VRPH�WLPH�WKLV�ZDV�ILJXUHG�RXW��PRVWO\�E\�WU\LQJ�DQG�DVNLQJ�RWKHU�
JURXSV�DQG�WKH�WHDFKHU�
�
7KH�LQLWLDO�SODQ�ZDV�WR�FRQWURO�WKH�JDPH�ZLWK�D�PRXVH��EXW�WKLV�OHG�WR�D�ORW�RI�SUREOHPV��
)LUVW�
EHFDXVH�RI�D�QHZ�ERDUG�ZLWK�86%�LQSXW�LQVWHDG�RI�36���OHG�WR�WKDW�WKH�PRXVH
FRQWUROOHU�IRXQG�DW�'LOLJHQW�ZHEVLWH�FRXOGQ¶W�EH�XVHG��$IWHU�IDLOXUH�WU\LQJ�WR
PRGLI\�WKLV�FRQWUROOHU�WKH�LQEXLOW�36��FRQWUROOHU�ZHUH�XVHG�DQG�VHQW�WKH
VLJQDOV�GLUHFWO\�WR�VRIWZDUH��%XW�WKH�VRIWZDUH�FRXOGQ¶W�JHW�DQ\�LQWHUUXSWV�IURP
WKH�PRXVH�VR�LW�ZDV�GHWHUPLQHG�WKDW�D�.H\ERDUG�ZRXOG�EH�XVHG�LQVWHDG�
�

��
�
�
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����6RIWZDUH
7KH�NH\ERDUG�DQG�WKH�WLPHU�FKDQJHV�DQG�XSGDWHV�WKH�JDPH��7KH�ILUVW�DSSURDFK�WR�VROYH�
WKLV�ZDV�WR�XVH�LQWHUUXSW�IRU�ERWK�WKH�WLPHU�DQG�WKH�NH\ERDUG��7KLV�QHYHU�JRW�WR�ZRUN�ZLWK�
D�FRPPRQ�LQWHUUXSW�FRQWUROOHU�IRU�ERWK�HYHQ�WKRXJK�D�VROXWLRQ�IURP�DQRWKHU�SURMHFW�ZDV�
WHVWHG��7R�ZRUN�DURXQG�WKLV�SUREOHP�SROOLQJ�ZDV�XVHG�RQ�WKH�WLPHU�LQVWHDG�RI�LQWHUUXSW�
�
,QWHUUXSWV�FDXVHG�DQRWKHU�SUREOHP�ZKHQ�UHDGLQJ�IURP�WKH�NH\ERDUG�LQ�VPDOO�LQWHUYDOV��
7KH�E\WHV�UHDG�SODFHV�LQ�D�TXHXH�VR�WKDW�WKH�FXUVRU�ZLOO�PRYH�LQ�WKH�SUHYLRXV�GLUHFWLRQ�
LQVWHDG�RI�WKH�DFWXDO�RQH�DQG�QRW�PRYH�HQRXJK�VWHSV�ZKHQ�SUHVVLQJ�NH\V�IDVW��7KH�
LQWHUUXSWV�ZHUH�KDQGOHG�VORZ�EHFDXVH�WKHUH�ZDV�WRR�PXFK�FRGH�LQ�WKH�LQWHUUXSW�KDQGOHU��
7R�VROYH�WKLV�DV�PXFK�FRGH�DV�SRVVLEOH�ZDV�PRYHG�RXWVLGH�RI�WKH�KDQGOHU�
�

��/HVVRQV�OHDUQHG
�
7KH�OHVVRQV�OHDUQHG�GXULQJ�ZRUNLQJ�ZLWK�WKLV�SURMHFW�ZHUH�KRZ�WR�GLYLGH�WKH�ZRUN�DQG�
WKDW�LW¶V�LPSRUWDQW�WKDW�WKH�ZKROH�JURXS�GRHVQ¶W�IRFXV�RQ�WKH�VDPH�SUREOHP��,Q�WKH�
EHJLQQLQJ�RI�WKLV�SURMHFW�DOO�WULHG�WR�JHW�WKH�PRXVH�WR�ZRUN��ZKLFK�OHG�WR�WKDW�QRWKLQJ�
HOVH�ZDV�GRQH��,W�ZRXOG�KDYH�EHHQ�EHWWHU�LI�RQH�IRFXVHG�RQ�WKH�PRXVH�SUREOHP�DQG�WKH�
RWKHUV�IRFXVHG�RQ�PRYLQJ�RQ��
�
0XFK�WLPH�ZDV�VSHQW�RQ�OHDUQLQJ�WKH�QHZ�;LOLQ[�ZKLFK�OHG�WR�D�EHWWHU�XQGHUVWDQGLQJ�RI�
;LOLQ[�DQG�KRZ�WR�XVH�LW��
�

��&RQWULEXWLRQV
)RU�WKLV�SURMHFW�ZH�GLYLGHG�WKH�ZRUN�LQWR�WZR�PDLQ�SDUWV��KDUGZDUH�DQG�VRIWZDUH��'XH�WR�
WKDW�RQH�RI�WKH�SURMHFW�PHPEHU�DOUHDG\�KDG�JRRG�NQRZOHGJH�RI�F�SURJUDPPLQJ�DQG�WKH�
RWKHU�WZR�LQ�9+'/�SURJUDPLQJ��ZH�FRXOG�HDVLO\�GLYLGH�WKH�ZRUN��:H�GHFLGHG�WR�GR�PRUH�
HIIRUW�RQ�WKH�KDUGZDUH�EHFDXVH�ZH�ZHUH�WZR�SHUVRQ�FRGLQJ�LQ�9+'/��
�
$OO�WKH�F�SURJUDPPLQJ�ZDV�GRQH�E\�5RELQ��)RU�WKH�KDUGZDUH��1LFODV�DQG�(PPD�
GLG�HYHU\WKLQJ�E\�VSOLWWLQJ�WKH�ZRUN�XS�DQG�DOVR�FROODERUDWH�LQ�PRVW�SDUWV��$OO�ZHUH�
UHVSRQVLEOH�IRU�WHVWLQJ�DQG�GHEXJJLQJ�WKH�SURJUDP�
7KH�VRIWZDUH�SDUW�LQ�WKLV�UHSRUW�LV�ZULWWHQ�E\�5RELQ��(PPD�ZURWH�DERXW�WKH�PRXVH�
GLVSOD\HU��WKH�JDPH�ERDUG�PHPRU\�DQG�WKH�SUREOHPV�LQ�WKH�KDUGZDUH��7KH�YJD�
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Ok! Good

Flavius Gruian




FRQWUROOHU��EDFNJURXQG�JHQHUDWRU�DQG�WKH�IRUHJURXQG�JHQHUDWRU�LV�ZULWWHQ�E\�1LFODV��7KH�
UHVW�RI�WKH�UHSRUW�ZDV�GRQH�WRJHWKHU��
�
�

��5HIHUHQFH
�
>�@�9*$�FRQWUROOHU�UHIHUHQFH�FRPSRQHQW��KWWS���ZZZ�GLJLOHQWLQF�FRP�3URGXFWV�
'HWDLO�FIP"1DY3DWK ���������	3URG 1(;<6�
�
>�@�36��0RXVH�'LVSOD\HU�UHIHUHQFH�FRPSRQHQW�
KWWS���ZZZ�GLJLOHQWLQF�FRP�3URGXFWV�'HWDLO�FIP"1DY3DWK ���������	3URG 1(;<6�
�
��
�
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�
�

http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,400,789&Prod=NEXYS2
Flavius Gruian
Good work, in the end! You had some difficulties on the way but after a good deal of work, you came through. Nicely done, even if more improvements would have make the game better.
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