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MAR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC
PC <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC+4

MDR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> Memory[MAR]

IR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> MDR

IR[6:0]

<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY
<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY

rd <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> rs1+imm12

rd <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> rs1+rs2

Set MARMUX 
(MARMUX=1)

Compare

Set LD.BEN 
(LD.BEN=1)

PC<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> imm
B=0

MAR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC
PC <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC+4

MAR<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> load address

MDR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> Memory[MAR]

rd <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> MDR

<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY
<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY

<latexit sha1_base64="YXQLbjYxk25wJylwukjxbl9ppIA=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqDcjKugtinlIdgmzk9lkyOyDmV4xLPkNLx4U8eq/iDf/xskmB00saCiquunu8mLBFVrWt5Gbm19YXMovF1ZW19Y3iptbdRUlkrIajUQkmx5RTPCQ1ZCjYM1YMhJ4gjW8/vnIbzwwqXgU3uEgZm5AuiH3OSWoJcdB9ojp7eXZxf2wXSxZZSuDOUvsCSmdfkKGarv45XQimgQsRCqIUi3bitFNiUROBRsWnESxmNA+6bKWpiEJmHLT7OahuaeVjulHUleIZqb+nkhJoNQg8HRnQLCnpr2R+J/XStA/cVMexgmykI4X+YkwMTJHAZgdLhlFMdCEUMn1rSbtEUko6pgKOgR7+uVZUj8o20flwxurVLkepwF52IFd2AcbjqECV1CFGlCI4Qle4NVIjGfjzXgft+aMycw2/IHx8QM755Kb</latexit>

READY
<latexit sha1_base64="YXQLbjYxk25wJylwukjxbl9ppIA=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqDcjKugtinlIdgmzk9lkyOyDmV4xLPkNLx4U8eq/iDf/xskmB00saCiquunu8mLBFVrWt5Gbm19YXMovF1ZW19Y3iptbdRUlkrIajUQkmx5RTPCQ1ZCjYM1YMhJ4gjW8/vnIbzwwqXgU3uEgZm5AuiH3OSWoJcdB9ojp7eXZxf2wXSxZZSuDOUvsCSmdfkKGarv45XQimgQsRCqIUi3bitFNiUROBRsWnESxmNA+6bKWpiEJmHLT7OahuaeVjulHUleIZqb+nkhJoNQg8HRnQLCnpr2R+J/XStA/cVMexgmykI4X+YkwMTJHAZgdLhlFMdCEUMn1rSbtEUko6pgKOgR7+uVZUj8o20flwxurVLkepwF52IFd2AcbjqECV1CFGlCI4Qle4NVIjGfjzXgft+aMycw2/IHx8QM755Kb</latexit>

READY

MAR<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> store address

MDR <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> rs2

Memory[MAR]<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> MDR

<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY
<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY

rd<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC+4

PC<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> imm20

rd <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> PC+4

PC<latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> <latexit sha1_base64="A6mVVMsbUemRTzU0OeDvSIVgaHc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi94qmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkpr6xubW+Xtys7u3v5B9fCoZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7HtzO//cS1EYl6xEnKg5gOlYgEo2glvzfkaPrVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYa90UcZTiBUzgHD66hAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/ryo7L</latexit> Memory[rd]

<latexit sha1_base64="YXQLbjYxk25wJylwukjxbl9ppIA=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqDcjKugtinlIdgmzk9lkyOyDmV4xLPkNLx4U8eq/iDf/xskmB00saCiquunu8mLBFVrWt5Gbm19YXMovF1ZW19Y3iptbdRUlkrIajUQkmx5RTPCQ1ZCjYM1YMhJ4gjW8/vnIbzwwqXgU3uEgZm5AuiH3OSWoJcdB9ojp7eXZxf2wXSxZZSuDOUvsCSmdfkKGarv45XQimgQsRCqIUi3bitFNiUROBRsWnESxmNA+6bKWpiEJmHLT7OahuaeVjulHUleIZqb+nkhJoNQg8HRnQLCnpr2R+J/XStA/cVMexgmykI4X+YkwMTJHAZgdLhlFMdCEUMn1rSbtEUko6pgKOgR7+uVZUj8o20flwxurVLkepwF52IFd2AcbjqECV1CFGlCI4Qle4NVIjGfjzXgft+aMycw2/IHx8QM755Kb</latexit>

READY
<latexit sha1_base64="YXQLbjYxk25wJylwukjxbl9ppIA=">AAAB83icbVDLSgNBEOyNrxhfUY9eFoPgKeyKqDcjKugtinlIdgmzk9lkyOyDmV4xLPkNLx4U8eq/iDf/xskmB00saCiquunu8mLBFVrWt5Gbm19YXMovF1ZW19Y3iptbdRUlkrIajUQkmx5RTPCQ1ZCjYM1YMhJ4gjW8/vnIbzwwqXgU3uEgZm5AuiH3OSWoJcdB9ojp7eXZxf2wXSxZZSuDOUvsCSmdfkKGarv45XQimgQsRCqIUi3bitFNiUROBRsWnESxmNA+6bKWpiEJmHLT7OahuaeVjulHUleIZqb+nkhJoNQg8HRnQLCnpr2R+J/XStA/cVMexgmykI4X+YkwMTJHAZgdLhlFMdCEUMn1rSbtEUko6pgKOgR7+uVZUj8o20flwxurVLkepwF52IFd2AcbjqECV1CFGlCI4Qle4NVIjGfjzXgft+aMycw2/IHx8QM755Kb</latexit>

READY

<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY
<latexit sha1_base64="lVGqoh9PFa+Xov2pn+0DTz25jvI=">AAACAHicbVDLSsNAFJ34rPUVdeHCTbAIrkoiRV1WVNBdFfuQJpTJdNIOnWTCzI1YQjb+ihsXirj1M9z5N07bLLT1wMDhnHu4c48fc6bAtr+NufmFxaXlwkpxdW19Y9Pc2m4okUhC60RwIVs+VpSziNaBAaetWFIc+pw2/cH5yG8+UKmYiO5gGFMvxL2IBYxg0FLH3HWFtkfp1AX6COnt5dnFfZZ1zJJdtsewZomTkxLKUeuYX25XkCSkERCOlWo7dgxeiiUwwmlWdBNFY0wGuEfbmkY4pMpLxwdk1oFWulYgpH4RWGP1dyLFoVLD0NeTIYa+mvZG4n9eO4Hg1EtZFCdAIzJZFCTcAmGN2rC6TFICfKgJJpLpv1qkjyUmoDsr6hKc6ZNnSeOo7ByXKzeVUvU6r6OA9tA+OkQOOkFVdIVqqI4IytAzekVvxpPxYrwbH5PROSPP7KA/MD5/AFMDluc=</latexit>

READY

addi, slli, xori, srli
srai, ori, andi

add, sub, sll, xor
srl, sra, or, and

lb, lh, lw

sb, sh, sw lui jal jalr
B=1 B=0

beq, bne, blt, bge

0, 37

1

5

7

19

51

3

2

6

0

0

0

37

0

0

0

35

32

33

55 111

112

103

102

96
104

0

1

100

99
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RISC-V LC
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• A state in RISCV-LC is indexed by 7 bits (7 control signals, i.e., J6, J5, J4, J3, J2, J1, J0).

• A state in RISCV-LC is consist of 33 bits (33 control signals).

• A control read-only memory (ROM) stores all states.

• Control Signal Selection Logic & IR[6:0] controls the state transition.

• There are 22 different states for RISCV-LC.

Introduction
Finite State Machine in RISCV-LC
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Workflow



Notice

• Single bus distributed registers design.

• A single memory holds both instructions and data.

• The first instruction is placed at the address 0x0.

• The data are placed at the end of all instructions.

• PC is initialized as 0x0.

Workflow
Notice
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Code

Data

Low address

High address

Source codes ↔ Machine codes ↔ Organization in memory

Workflow
The Data Structure Organization in Memory
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• PC→ BUS

• BUS→MAR

• PC +4→ PC

• Memory[MAR]→MDR

• MDR→ BUS

• BUS→ IR

• Generate control signals according to IR[6:0]

Workflow
Initial Steps
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Implementations



/*
* execute a cycle

*/
void cycle() {

/*
* core steps

*/
eval_micro_sequencer();
cycle_memory();
eval_bus_drivers();
drive_bus();
latch_datapath_values();

CURRENT_LATCHES = NEXT_LATCHES;

CYCLE_COUNT++;
}

Implementations I
Operations in One Clock Cycle
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/* Main memory */
#define MEM_CYCLES 5
#define BYTES_IN_MEM 0x2000000
unsigned char MEMORY[BYTES_IN_MEM];
/* ‘MEM_VAL‘ saves the output of the main memory at each cycle

*/
int MEM_VAL;

Implementations I
Memory Specifications
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int datasize_mux(unsigned int data_size, int funct3, int zero) {
if (data_size) {

switch(data_size) {
case 0:

return zero;
case 1:

return ~(funct3 & 0x3);
}

} else
return zero;

}

Implementations I
Data Size Selection
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// 8-bit
MEMORY[CURRENT_LATCHES.MAR] = MASK7_0(CURRENT_LATCHES.MDR);
// 16-bit
MEMORY[CURRENT_LATCHES.MAR] = MASK7_0(CURRENT_LATCHES.MDR);
MEMORY[CURRENT_LATCHES.MAR + 1] = MASK15_8(CURRENT_LATCHES.MDR);
// ...
...

Implementations I
Write Memory
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// 8-bit
val = sext_unit(MEMORY[CURRENT_LATCHES.MAR], 8);
// 16-bit
val = sext_unit((MEMORY[CURRENT_LATCHES.MAR + 1] << 8) + MEMORY[

CURRENT_LATCHES.MAR], 16);
// ...
...

Implementations I
Read Memory
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// LD_REG
REGS[mask_val(CURRENT_LATCHES.IR, 11, 7)] = BUS;
// Why do we load a register with a value from bit 7 to bit 11?

Implementations I
Load Values
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Lab 3-2 Assignment



Get Latest Updates of the Lab

• Click https://github.com/baichen318.

• Follow my GitHub account.
Follow me through GitHub, so that you can see any latest updates of the lab!

Lab 3-2 Assignment
Pre-requisites
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Get RISC-V LC

• $ git clone https://github.com/baichen318/ceng3420.git

• $ cd ceng3420

• $ git checkout lab3.2

Compile (Linux/MacOS environment is suggested)

• $ make

Run the RISC-V LC

• $ ./riscv-lc <uop> <*.bin> # RISCV-LC can execute successfully if you have
implemented it.

Lab 3-2 Assignment
Pre-requisites
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In riscv-lc.c,
• Finish cycle_memory

• Finish latch_datapath_values

These unimplemented codes are commented with Lab3-2 assignment

Lab3.2 Assignment
Assignment Content
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Benchmarks
Verify your codes with these benchmarks (inside the benchmarks directory)

• isa.bin

• count10.bin

• swap.bin

Verification

• isa.bin→ a3 = -18/0xffffffee and MEMORY[0x84 + 16] = 0xffffffee

• count10.bin→ t2 = 55/0x00000037

• swap.bin→ NUM1 changes from 0xabcd to 0x1234 and NUM2 changes from 0x1234
to 0xabcd

Lab 3-2 Assignment
Verification
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Submission Method:
Submit the zip file (including codes and a report) after the whole lectures of Lab3 into
Blackboard.

Lab 3-2 Assignment
Submission
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Tips

Inside docs, there are five valuable documents for your reference!

• riscv-lc.pdf

• fsm.pdf

• opcodes-rv32i: RV32I opcodes

• riscv-spec-20191213.pdf: RV32I specifications

• risc-v-asm-manual.pdf: RV32I assembly programming manual

Lab 3-2 Assignment
Tips
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