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5HYLHZ�
([FHSWLRQV�DQG�&RPSLOHU�6FKHGXOLQJ

� ([FHSWLRQDO�FRQWURO�IORZ�FRPHV�LQ�WKUHH�IODYRUV�
² ([FHSWLRQV���UHOHYDQW�WR�FXUUHQW�SURFHVV
² ,QWHUUXSWV���FDXVHG�E\�H[WHUQDO�HYHQWV
² 0DFKLQH�FKHFNV���([WUHPH�VLWXDWLRQV

� 6XFK�H[FHSWLRQDO�IORZ�FDQ�DOVR�EH�FODVVLILHG�DV
V\QFKURQRXV�RU�DV\QFKURQRXV

� 3UHFLVH�H[FHSWLRQV�RU�LQWHUUXSWV�EUHDN�WKH�FRQWURO�IORZ
DW�D�ZHOO�GHILQHG�LQVWUXFWLRQ�VXFK�WKDW�
² $OO�ORJLFDOO\�SULRU�LQVWUXFWLRQV�KDYH�FRPSOHWHG�DQG�FRPPLWWHG�VWDWH
² 1HLWKHU�WKH�LQVWUXFWLRQ�RU�DQ\�IROORZLQJ�LQVWUXFWLRQV�KDYH�FRPPLWWHG
VWDWH

� &DUHIXO�FRPSLOHU�VFKHGXOLQJ�FDQ�UHPRYH�VWDOOV�DQG
VSHHG�XS�FRGH���'HSHQGHQFLHV�PXVW�EH�PDLQWDLQHG�

� /RRS�XQUROOLQJ�FDQ�RIIHU�DGGLWLRQDO�SDUDOOHOLVP�
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&DQ�ZH�XVH�+:�WR�JHW�&3,
FORVHU�WR��"

� :K\�LQ�+:�DW�UXQ�WLPH"
² :RUNV�ZKHQ�FDQ·W�NQRZ�UHDO�GHSHQGHQFH�DW�FRPSLOH�WLPH
² &RPSLOHU�VLPSOHU
² &RGH�IRU�RQH�PDFKLQH�UXQV�ZHOO�RQ�DQRWKHU

� .H\�LGHD��$OORZ�LQVWUXFWLRQV�EHKLQG�VWDOO�WR�SURFHHG
DIVD F0,F2,F4

ADDD F10,F0,F8

SUBD F12,F8,F14

� 2XW�RI�RUGHU�H[HFXWLRQ� !�RXW�RI�RUGHU�FRPSOHWLRQ�
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6FRUHERDUG��D�ERRNNHHSLQJ�WHFKQLTXH
� 2XW�RI�RUGHU�H[HFXWLRQ�GLYLGHV�,'�VWDJH�

�� ,VVXH³GHFRGH�LQVWUXFWLRQV��FKHFN�IRU�VWUXFWXUDO�KD]DUGV
�� 5HDG�RSHUDQGV³ZDLW�XQWLO�QR�GDWD�KD]DUGV��WKHQ�UHDG�RSHUDQGV

� 6FRUHERDUGV�GDWH�WR�&'&�����LQ�����
� ,QVWUXFWLRQV�H[HFXWH�ZKHQHYHU�QRW�GHSHQGHQW�RQ
SUHYLRXV�LQVWUXFWLRQV�DQG�QR�KD]DUGV�

� &'&�������,Q�RUGHU�LVVXH��RXW�RI�RUGHU�H[HFXWLRQ�
RXW�RI�RUGHU�FRPPLW��RU�FRPSOHWLRQ�
² 1R�IRUZDUGLQJ�
² ,PSUHFLVH�LQWHUUXSW�H[FHSWLRQ�PRGHO�IRU�QRZ
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6FRUHERDUG�,PSOLFDWLRQV
� 2XW�RI�RUGHU�FRPSOHWLRQ� !�:$5��:$:�KD]DUGV"
� 6ROXWLRQV�IRU�:$5�

² 6WDOO�ZULWHEDFN�XQWLO�UHJLVWHUV�KDYH�EHHQ�UHDG
² 5HDG�UHJLVWHUV�RQO\�GXULQJ�5HDG�2SHUDQGV�VWDJH

� 6ROXWLRQ�IRU�:$:�
² 'HWHFW�KD]DUG�DQG�VWDOO�LVVXH�RI�QHZ�LQVWUXFWLRQ�XQWLO�RWKHU
LQVWUXFWLRQ�FRPSOHWHV

� 1R�UHJLVWHU�UHQDPLQJ�
� 1HHG�WR�KDYH�PXOWLSOH�LQVWUXFWLRQV�LQ�H[HFXWLRQ
SKDVH� !�PXOWLSOH�H[HFXWLRQ�XQLWV�RU�SLSHOLQHG
H[HFXWLRQ�XQLWV

� 6FRUHERDUG�NHHSV�WUDFN�RI�GHSHQGHQFLHV�EHWZHHQ
LQVWUXFWLRQV�WKDW�KDYH�DOUHDG\�LVVXHG�

� 6FRUHERDUG�UHSODFHV�,'��(;��:%�ZLWK���VWDJHV
-'.�)���
6OLGH��

)RXU�6WDJHV�RI�6FRUHERDUG�&RQWURO

• Issue³GHFRGH�LQVWUXFWLRQV�	�FKHFN�IRU�VWUXFWXUDO
KD]DUGV��,'��
² ,QVWUXFWLRQV�LVVXHG�LQ�SURJUDP�RUGHU��IRU�KD]DUG�FKHFNLQJ�
² 'RQ·W�LVVXH�LI�VWUXFWXUDO�KD]DUG
² 'RQ·W�LVVXH�LI�LQVWUXFWLRQ�LV�RXWSXW�GHSHQGHQW�RQ�DQ\�SUHYLRXVO\
LVVXHG�EXW�XQFRPSOHWHG�LQVWUXFWLRQ��QR�:$:�KD]DUGV��

• Read operands³ZDLW�XQWLO�QR�GDWD�KD]DUGV��WKHQ
UHDG�RSHUDQGV��,'��
² �$OO�UHDO�GHSHQGHQFLHV��5$:�KD]DUGV��UHVROYHG�LQ�WKLV�VWDJH�
VLQFH�ZH�ZDLW�IRU�LQVWUXFWLRQV�WR�ZULWH�EDFN�GDWD�

² 1R�IRUZDUGLQJ�RI�GDWD�LQ�WKLV�PRGHO�
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)RXU�6WDJHV�RI�6FRUHERDUG�&RQWURO

• Execution³RSHUDWH�RQ�RSHUDQGV��(;�
² 7KH�IXQFWLRQDO�XQLW�EHJLQV�H[HFXWLRQ�XSRQ�UHFHLYLQJ�RSHUDQGV�
:KHQ�WKH�UHVXOW�LV�UHDG\��LW�QRWLILHV�WKH�VFRUHERDUG�WKDW�LW�KDV
FRPSOHWHG�H[HFXWLRQ�

• Write result³ILQLVK�H[HFXWLRQ��:%�
² 6WDOO�XQWLO�QR�:$5�KD]DUGV�ZLWK�SUHYLRXV�LQVWUXFWLRQV�

([DPSOH� DIVD F0,F2,F4
 ADDD F10,F0,F8
 SUBD F8,F8,F14

&'&������VFRUHERDUG�ZRXOG�VWDOO�68%'�XQWLO�$'''�UHDGV
RSHUDQGV
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7KUHH�3DUWV�RI�WKH
6FRUHERDUG

� ,QVWUXFWLRQ�VWDWXV�
:KLFK�RI���VWHSV�WKH�LQVWUXFWLRQ�LV�LQ

� )XQFWLRQDO�XQLW�VWDWXV�³,QGLFDWHV�WKH�VWDWH�RI�WKH
IXQFWLRQDO�XQLW��)8�����ILHOGV�IRU�HDFK�IXQFWLRQDO�XQLW

%XV\� ,QGLFDWHV�ZKHWKHU�WKH�XQLW�LV�EXV\�RU�QRW
2S� 2SHUDWLRQ�WR�SHUIRUP�LQ�WKH�XQLW��H�J�����RU�²�
)L� 'HVWLQDWLRQ�UHJLVWHU
)M�)N� 6RXUFH�UHJLVWHU�QXPEHUV
4M�4N�)XQFWLRQDO�XQLWV�SURGXFLQJ�VRXUFH�UHJLVWHUV�)M��)N
5M�5N� )ODJV�LQGLFDWLQJ�ZKHQ�)M��)N�DUH�UHDG\

� 5HJLVWHU�UHVXOW�VWDWXV³,QGLFDWHV�ZKLFK�IXQFWLRQDO�XQLW
ZLOO�ZULWH�HDFK�UHJLVWHU��LI�RQH�H[LVWV��%ODQN�ZKHQ�QR
SHQGLQJ�LQVWUXFWLRQV�ZLOO�ZULWH�WKDW�UHJLVWHU
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6OLGH���

6FRUHERDUG�([DPSOH
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2
LD F2 45+ R3
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

FU
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6OLGH���

'HWDLOHG�6FRUHERDUG�3LSHOLQH
&RQWURO

5HDG
RSHUDQGV
([HFXWLRQ
FRPSOHWH

,QVWUXFWLRQ
VWDWXV

:ULWH
UHVXOW

,VVXH

%RRNNHHSLQJ

5M←�1R��5N←�1R

∀I�LI�4M�I� )8�WKHQ�5M�I�←�<HV��
∀I�LI�4N�I� )8�WKHQ�5M�I�←�<HV��
5HVXOW�)L�)8��←����%XV\�)8�←�1R

%XV\�)8�←�\HV��2S�)8�←�RS�
)L�)8�←�C'·��)M�)8�←�C6�·�

)N�)8�←�C6�·��4M←�5HVXOW�¶6�·��
4N←��5HVXOW�C6�·����5M←�QRW�4M�
5N←�QRW�4N��5HVXOW�¶'·�←�)8�

5M�DQG�5N

)XQFWLRQDO�XQLW
GRQH

:DLW�XQWLO

∀I��)M�I��)L�)8�
RU�5M�I� 1R��	

�)N�I���)L�)8��RU
5N��I�� 1R��

1RW�EXV\��)8�
DQG�QRW�UHVXOW�'�
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1
LD F2 45+ R3
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F6 R2 Yes
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

1 FU Integer
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6OLGH���

6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2
LD F2 45+ R3
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F6 R2 Yes
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

2 FU Integer

� ,VVXH��QG�/'"
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3
LD F2 45+ R3
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F6 R2 No
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

3 FU Integer

� ,VVXH�08/7" -'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

4 FU Integer
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5
MULTD F0 F2 F4
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F2 R3 Yes
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

5 FU Integer
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6
MULTD F0 F2 F4 6
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F2 R3 Yes
Mult1 Yes Mult F0 F2 F4 Integer No Yes
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

6 FU Mult1 Integer
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7
MULTD F0 F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 F0 F6
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F2 R3 No
Mult1 Yes Mult F0 F2 F4 Integer No Yes
Mult2 No
Add Yes Sub F8 F6 F2 Integer Yes No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

7 FU Mult1 Integer Add

� 5HDG�PXOWLSO\�RSHUDQGV" -'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH��D
�)LUVW�KDOI�RI�FORFN�F\FOH�

Instruction status: Read Exec Write
Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7
MULTD F0 F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer Yes Load F2 R3 No
Mult1 Yes Mult F0 F2 F4 Integer No Yes
Mult2 No
Add Yes Sub F8 F6 F2 Integer Yes No
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

8 FU Mult1 Integer Add Divide
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6FRUHERDUG�([DPSOH��&\FOH��E
�6HFRQG�KDOI�RI�FORFN�F\FOH�

Instruction status: Read Exec Write
Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6
SUBD F8 F6 F2 7
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 Yes Mult F0 F2 F4 Yes Yes
Mult2 No
Add Yes Sub F8 F6 F2 Yes Yes
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

8 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
10 Mult1 Yes Mult F0 F2 F4 Yes Yes

Mult2 No
2 Add Yes Sub F8 F6 F2 Yes Yes

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

9 FU Mult1 Add Divide

� 5HDG�RSHUDQGV�IRU�08/7�	�68%"��,VVXH�$'''"
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
9 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
1 Add Yes Sub F8 F6 F2 No No

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

10 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
8 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
0 Add Yes Sub F8 F6 F2 No No

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

11 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
7 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
Add No
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

12 FU Mult1 Divide

� 5HDG�RSHUDQGV�IRU�',9'" -'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
6 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
Add Yes Add F6 F8 F2 Yes Yes
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

13 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
5 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
2 Add Yes Add F6 F8 F2 Yes Yes

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

14 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
4 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
1 Add Yes Add F6 F8 F2 No No

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

15 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
3 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
0 Add Yes Add F6 F8 F2 No No

Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

16 FU Mult1 Add Divide
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6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
2 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
Add Yes Add F6 F8 F2 No No
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

17 FU Mult1 Add Divide

� :K\�QRW�ZULWH�UHVXOW�RI�$''"""

:$5�+D]DUG�

-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
1 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
Add Yes Add F6 F8 F2 No No
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

18 FU Mult1 Add Divide

-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
0 Mult1 Yes Mult F0 F2 F4 No No

Mult2 No
Add Yes Add F6 F8 F2 No No
Divide Yes Div F10 F0 F6 Mult1 No Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

19 FU Mult1 Add Divide



-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add Yes Add F6 F8 F2 No No
Divide Yes Div F10 F0 F6 Yes Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

20 FU Add Divide

-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8 21
ADDD F6 F8 F2 13 14 16

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add Yes Add F6 F8 F2 No No
Divide Yes Div F10 F0 F6 Yes Yes

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

21 FU Add Divide

� :$5�+D]DUG�LV�QRZ�JRQH���

-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8 21
ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No

39 Divide Yes Div F10 F0 F6 No No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

22 FU Divide

-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8 21 61
ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No

0 Divide Yes Div F10 F0 F6 No No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

61 FU Divide



-'.�)���
6OLGH���

6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8 21 61 62
ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

62 FU

-'.�)���
6OLGH���

5HYLHZ��6FRUHERDUG�([DPSOH��&\FOH���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 5 6 7 8
MULTD F0 F2 F4 6 9 19 20
SUBD F8 F6 F2 7 9 11 12
DIVD F10 F0 F6 8 21 61 62
ADDD F6 F8 F2 13 14 16 22

Functional unit status: dest S1 S2 FU FU Fj? Fk?
Time Name Busy Op Fi Fj Fk Qj Qk Rj Rk

Integer No
Mult1 No
Mult2 No
Add No
Divide No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

62 FU

� ,Q�RUGHU�LVVXH��RXW�RI�RUGHU�H[HFXWH�	�FRPPLW

-'.�)���
6OLGH���

&'&������6FRUHERDUG

� 6SHHGXS�����IURP�FRPSLOHU������E\�KDQG
%87�VORZ�PHPRU\��QR�FDFKH��OLPLWV�EHQHILW

� /LPLWDWLRQV�RI������VFRUHERDUG�
² 1R�IRUZDUGLQJ�KDUGZDUH
² /LPLWHG�WR�LQVWUXFWLRQV�LQ�EDVLF�EORFN��VPDOO�ZLQGRZ�
² 6PDOO�QXPEHU�RI�IXQFWLRQDO�XQLWV��VWUXFWXUDO�KD]DUGV��
HVSHFLDOO\�LQWHJHU�ORDG�VWRUH�XQLWV

² 'R�QRW�LVVXH�RQ�VWUXFWXUDO�KD]DUGV
² :DLW�IRU�:$5�KD]DUGV
² 3UHYHQW�:$:�KD]DUGV

-'.�)���
6OLGH���

&6�����$GPLQLVWULYLD
� 7RGD\�LV�ODVW�GD\�IRU�7HOH%HDUV�
� *HW�\RXU�SKRWR�WDNHQ�E\�$DURQ�
� 7H[WERRN�5HDGLQJ�IRU�/HFWXUHV���WR��

– Computer Architecture: A Quantitative Approach,
ª 5HVW�RI�&KDSWHU����$SSHQGL[�%

� :HGQHVGD\�SDSHUV�
² )LVKHU��´9HU\�/RQJ�,QVWUXFWLRQ�:RUG�$UFKLWHFWXUHV�DQG�WKH�(/,����µ
² &ROZHOO��HW�DOO��´$�9/,:�$UFKLWHFWXUH�IRU�D�7UDFH�6FKHGXOLQJ
&RPSLOHUµ
ª -RLQW�VXPPDU\�RQ�WKHVH

² 6PLWK��HW�DOO��´(IILFLHQW�6XSHUVFDODU�3HUIRUPDQFH�7KURXJK�%RRVWLQJµ
ª 6XPPDU\�RQ�WKLV

� 3DSHU�VXPPDULHV�
² :LOO�KDQG�RXW�ILUVW�WKUHH�VHWV�QH[W�:HGQHVGD\
² \RX�FDQ�VNLS�WZR�SDSHU�VXPPDULHV��SDUDJUDSKV��WKLV�WHUP�
² \RX�FDQ�EH�ODWH�RQ�RQH�GD\V�ZRUWK�RI�VXPPDULHV�
$UUDQJH�WKLV�ZLWK�$DURQ�



-'.�)���
6OLGH���

&6�����$GPLQLVWULYLD
� ([HUFLVHV�IRU�/HFWXUHV���WR��

² 'XH�)ULGD\�6HSW����LQ�FODVV
² ���������������������
² �����SDUWV�F��DQG�G��RQO\
² %��
² 'RQH�LQ�SDLUV��EXW�ERWK�QHHG�WR�XQGHUVWDQG�ZKROH�DVVLJQPHQW
² 6WXG\�JURXSV�HQFRXUDJHG��EXW�SDLUV�GR�RZQ�ZRUN

� &RPPHQW�RQ�6\OODEXV�
² 6RPH�FKDRV�VKRXOG�EH�H[SHFWHG
² 1H[W�FRXSOH�RI�WRSLFV�

ª 6XSHUVFDODU�H[HFXWLRQ
ª 9/,:V
ª 'DWD�DQG�&RQWURO�3UHGLFWLRQ

-'.�)���
6OLGH���

$QRWKHU�'\QDPLF�$OJRULWKP�
7RPDVXOR�$OJRULWKP

� )RU�,%0��������DERXW���\HDUV�DIWHU�&'&������������
� *RDO��+LJK�3HUIRUPDQFH�ZLWKRXW�VSHFLDO�FRPSLOHUV
� 'LIIHUHQFHV�EHWZHHQ�,%0�����	�&'&������,6$

² ,%0�KDV�RQO\���UHJLVWHU�VSHFLILHUV�LQVWU�YV����LQ�&'&�����
² ,%0�KDV���)3�UHJLVWHUV�YV����LQ�&'&�����
² ,%0�KDV�PHPRU\�UHJLVWHU�RSV

� :K\�6WXG\"�OHDG�WR�$OSKD��������+3�������0,36
�������3HQWLXP�,,��3RZHU3&������«

-'.�)���
6OLGH���

7RPDVXOR�$OJRULWKP�YV�
6FRUHERDUG

� &RQWURO�	�EXIIHUV�GLVWULEXWHG�ZLWK�)XQFWLRQ�8QLWV��)8�
YV��FHQWUDOL]HG�LQ�VFRUHERDUG�
² )8�EXIIHUV�FDOOHG�´UHVHUYDWLRQ�VWDWLRQVµ��KDYH�SHQGLQJ
RSHUDQGV

� 5HJLVWHUV�LQ�LQVWUXFWLRQV�UHSODFHG�E\�YDOXHV�RU�SRLQWHUV
WR�UHVHUYDWLRQ�VWDWLRQV�56���FDOOHG��UHJLVWHU�UHQDPLQJ��
² DYRLGV�:$5��:$:�KD]DUGV
² 0RUH�UHVHUYDWLRQ�VWDWLRQV�WKDQ�UHJLVWHUV��VR�FDQ�GR
RSWLPL]DWLRQV�FRPSLOHUV�FDQ·W

� 5HVXOWV�WR�)8�IURP�56��QRW�WKURXJK�UHJLVWHUV��RYHU
&RPPRQ�'DWD�%XV�WKDW�EURDGFDVWV�UHVXOWV�WR�DOO�)8V

� /RDG�DQG�6WRUHV�WUHDWHG�DV�)8V�ZLWK�56V�DV�ZHOO
� ,QWHJHU�LQVWUXFWLRQV�FDQ�JR�SDVW�EUDQFKHV��DOORZLQJ
)3�RSV�EH\RQG�EDVLF�EORFN�LQ�)3�TXHXH

-'.�)���
6OLGH���

7RPDVXOR�2UJDQL]DWLRQ

)3�DGGHUV)3�DGGHUV

$GG�
$GG�
$GG�

)3�PXOWLSOLHUV)3�PXOWLSOLHUV

0XOW�
0XOW�

)URP�0HP )3�5HJLVWHUV

5HVHUYDWLRQ�
6WDWLRQV

&RPPRQ�'DWD�%XV��&'%�

7R�0HP

)3�2S
4XHXH

/RDG�%XIIHUV

6WRUH�
%XIIHUV

/RDG�
/RDG�
/RDG�
/RDG�
/RDG�
/RDG�



-'.�)���
6OLGH���

5HVHUYDWLRQ�6WDWLRQ�&RPSRQHQWV

2S� 2SHUDWLRQ�WR�SHUIRUP�LQ�WKH�XQLW��H�J�����RU�²�
9M��9N��9DOXH�RI�6RXUFH�RSHUDQGV
² 6WRUH�EXIIHUV�KDV�9�ILHOG��UHVXOW�WR�EH�VWRUHG

4M��4N��5HVHUYDWLRQ�VWDWLRQV�SURGXFLQJ�VRXUFH
UHJLVWHUV��YDOXH�WR�EH�ZULWWHQ�
² 1RWH��1R�UHDG\�IODJV�DV�LQ�6FRUHERDUG��4M�4N �� !�UHDG\
² 6WRUH�EXIIHUV�RQO\�KDYH�4L�IRU�56�SURGXFLQJ�UHVXOW

� %XV\��,QGLFDWHV�UHVHUYDWLRQ�VWDWLRQ�RU�)8�LV�EXV\

5HJLVWHU�UHVXOW�VWDWXV³,QGLFDWHV�ZKLFK�IXQFWLRQDO
XQLW�ZLOO�ZULWH�HDFK�UHJLVWHU��LI�RQH�H[LVWV��%ODQN
ZKHQ�QR�SHQGLQJ�LQVWUXFWLRQV�WKDW�ZLOO�ZULWH�WKDW
UHJLVWHU� -'.�)���

6OLGH���

7KUHH�6WDJHV�RI�7RPDVXOR
$OJRULWKP

1. Issue³JHW�LQVWUXFWLRQ�IURP�)3�2S�4XHXH
� ,I�UHVHUYDWLRQ�VWDWLRQ�IUHH��QR�VWUXFWXUDO�KD]DUG��
FRQWURO�LVVXHV�LQVWU�	�VHQGV�RSHUDQGV��UHQDPHV�UHJLVWHUV��

2.Execution³RSHUDWH�RQ�RSHUDQGV��(;�
� :KHQ�ERWK�RSHUDQGV�UHDG\�WKHQ�H[HFXWH�
�LI�QRW�UHDG\��ZDWFK�&RPPRQ�'DWD�%XV�IRU�UHVXOW

3.Write result³ILQLVK�H[HFXWLRQ��:%�
� :ULWH�RQ�&RPPRQ�'DWD�%XV�WR�DOO�DZDLWLQJ�XQLWV�
PDUN�UHVHUYDWLRQ�VWDWLRQ�DYDLODEOH

� 1RUPDO�GDWD�EXV�����GDWD���GHVWLQDWLRQ�����´JR�WRµ
EXV�

� &RPPRQ�GDWD�EXV��GDWD���VRXUFH���´FRPH�IURPµ�EXV�
² ���ELWV�RI�GDWD�����ELWV�RI�)XQFWLRQDO�8QLW��VRXUFH�DGGUHVV
² :ULWH�LI�PDWFKHV�H[SHFWHG�)XQFWLRQDO�8QLW��SURGXFHV�UHVXOW�
² 'RHV�WKH�EURDGFDVW

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 Load1 No
LD F2 45+ R3 Load2 No
MULTD F0 F2 F4 Load3 No
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No
Mult2 No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

0 FU

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 Load1 Yes 34+R2
LD F2 45+ R3 Load2 No
MULTD F0 F2 F4 Load3 No
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No
Mult2 No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

1 FU Load1



-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 Load1 Yes 34+R2
LD F2 45+ R3 2 Load2 Yes 45+R3
MULTD F0 F2 F4 Load3 No
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No
Mult2 No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

2 FU Load2 Load1

1RWH��8QOLNH�������FDQ�KDYH�PXOWLSOH�ORDGV�RXWVWDQGLQJ
-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 Load1 Yes 34+R2
LD F2 45+ R3 2 Load2 Yes 45+R3
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2
DIVD F10 F0 F6
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 Yes MULTD R(F4) Load2
Mult2 No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

3 FU Mult1 Load2 Load1

� 1RWH��UHJLVWHUV�QDPHV�DUH�UHPRYHG��´UHQDPHGµ��LQ
5HVHUYDWLRQ�6WDWLRQV��08/7�LVVXHG�YV��VFRUHERDUG

� /RDG��FRPSOHWLQJ��ZKDW�LV�ZDLWLQJ�IRU�/RDG�"

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 Load2 Yes 45+R3
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4
DIVD F10 F0 F6
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 Yes SUBD M(A1) Load2
Add2 No
Add3 No
Mult1 Yes MULTD R(F4) Load2
Mult2 No

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

4 FU Mult1 Load2 M(A1) Add1

� /RDG��FRPSOHWLQJ��ZKDW�LV�ZDLWLQJ�IRU�/RDG�"
-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4
DIVD F10 F0 F6 5
ADDD F6 F8 F2

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

2 Add1 Yes SUBD M(A1) M(A2)
Add2 No
Add3 No

10 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

5 FU Mult1 M(A2) M(A1) Add1 Mult2



-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

1 Add1 Yes SUBD M(A1) M(A2)
Add2 Yes ADDD M(A2) Add1
Add3 No

9 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

6 FU Mult1 M(A2) Add2 Add1 Mult2

� ,VVXH�$'''�KHUH�YV��VFRUHERDUG"
-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

0 Add1 Yes SUBD M(A1) M(A2)
Add2 Yes ADDD M(A2) Add1
Add3 No

8 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

7 FU Mult1 M(A2) Add2 Add1 Mult2

� $GG��FRPSOHWLQJ��ZKDW�LV�ZDLWLQJ�IRU�LW"

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
2 Add2 Yes ADDD (M-M) M(A2)

Add3 No
7 Mult1 Yes MULTD M(A2) R(F4)

Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

8 FU Mult1 M(A2) Add2 (M-M) Mult2

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH��
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
1 Add2 Yes ADDD (M-M) M(A2)

Add3 No
6 Mult1 Yes MULTD M(A2) R(F4)

Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

9 FU Mult1 M(A2) Add2 (M-M) Mult2



-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
0 Add2 Yes ADDD (M-M) M(A2)

Add3 No
5 Mult1 Yes MULTD M(A2) R(F4)

Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

10 FU Mult1 M(A2) Add2 (M-M) Mult2

� $GG��FRPSOHWLQJ��ZKDW�LV�ZDLWLQJ�IRU�LW"
-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No

4 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

11 FU Mult1 M(A2) (M-M+M(M-M) Mult2

� :ULWH�UHVXOW�RI�$'''�KHUH�YV��VFRUHERDUG"
� $OO�TXLFN�LQVWUXFWLRQV�FRPSOHWH�LQ�WKLV�F\FOH�

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No

3 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

12 FU Mult1 M(A2) (M-M+M(M-M) Mult2

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No

2 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

13 FU Mult1 M(A2) (M-M+M(M-M) Mult2



-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No

1 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

14 FU Mult1 M(A2) (M-M+M(M-M) Mult2

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 15 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No

0 Mult1 Yes MULTD M(A2) R(F4)
Mult2 Yes DIVD M(A1) Mult1

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

15 FU Mult1 M(A2) (M-M+M(M-M) Mult2

-'.�)���
6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 15 16 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No

40 Mult2 Yes DIVD M*F4 M(A1)

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

16 FU M*F4 M(A2) (M-M+M(M-M) Mult2

-'.�)���
6OLGH���

)DVWHU�WKDQ�OLJKW�FRPSXWDWLRQ
�VNLS�D�FRXSOH�RI�F\FOHV�
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6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 15 16 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No

1 Mult2 Yes DIVD M*F4 M(A1)

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

55 FU M*F4 M(A2) (M-M+M(M-M) Mult2
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6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 15 16 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5 56
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No

0 Mult2 Yes DIVD M*F4 M(A1)

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

56 FU M*F4 M(A2) (M-M+M(M-M) Mult2

� 0XOW��LV�FRPSOHWLQJ��ZKDW�LV�ZDLWLQJ�IRU�LW"
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6OLGH���

7RPDVXOR�([DPSOH�&\FOH���
Instruction status: Exec Write

Instruction j k Issue Comp Result Busy Address
LD F6 34+ R2 1 3 4 Load1 No
LD F2 45+ R3 2 4 5 Load2 No
MULTD F0 F2 F4 3 15 16 Load3 No
SUBD F8 F6 F2 4 7 8
DIVD F10 F0 F6 5 56 57
ADDD F6 F8 F2 6 10 11

Reservation Stations: S1 S2 RS RS
Time Name Busy Op Vj Vk Qj Qk

Add1 No
Add2 No
Add3 No
Mult1 No

0 Mult2 Yes DIVD M*F4 M(A1)

Register result status:
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

56 FU M*F4 M(A2) (M-M+M(M-M) Mult2

� 2QFH�DJDLQ��,Q�RUGHU�LVVXH��RXW�RI�RUGHU�H[HFXWLRQ
DQG�FRPSOHWLRQ�

-'.�)���
6OLGH���

&RPSDUH�WR�6FRUHERDUG�&\FOH���

Instruction status: Read Exec Write Exec Write
Instruction j k Issue Oper Comp Result Issue ComplResult
LD F6 34+ R2 1 2 3 4 1 3 4
LD F2 45+ R3 5 6 7 8 2 4 5
MULTD F0 F2 F4 6 9 19 20 3 15 16
SUBD F8 F6 F2 7 9 11 12 4 7 8
DIVD F10 F0 F6 8 21 61 62 5 56 57
ADDD F6 F8 F2 13 14 16 22 6 10 11

� :K\�WDNH�ORQJHU�RQ�VFRUHERDUG�����"
� 6WUXFWXUDO�+D]DUGV
� /DFN�RI�IRUZDUGLQJ



-'.�)���
6OLGH���

7RPDVXOR�Y��6FRUHERDUG
�,%0��������Y��&'&������

3LSHOLQHG�)XQFWLRQDO�8QLWV� 0XOWLSOH�)XQFWLRQDO�8QLWV
���ORDG����VWRUH���������[�¸�����ORDG�VWRUH����������[�
��¸�
ZLQGRZ�VL]H�������LQVWUXFWLRQV �����LQVWUXFWLRQV�
1R�LVVXH�RQ�VWUXFWXUDO�KD]DUG VDPH

:$5��UHQDPLQJ�DYRLGV VWDOO�FRPSOHWLRQ
:$:��UHQDPLQJ�DYRLGV VWDOO�LVVXH

%URDGFDVW�UHVXOWV�IURP�)8 :ULWH�UHDG�UHJLVWHUV
&RQWURO��UHVHUYDWLRQ�VWDWLRQV FHQWUDO�VFRUHERDUG

-'.�)���
6OLGH���

7RPDVXOR�'UDZEDFNV

� &RPSOH[LW\
² GHOD\V�RI���������0,36��������,%0����"

� 0DQ\�DVVRFLDWLYH�VWRUHV��&'%��DW�KLJK�VSHHG
� 3HUIRUPDQFH�OLPLWHG�E\�&RPPRQ�'DWD�%XV

² 0XOWLSOH�&'%V� !�PRUH�)8�ORJLF�IRU�SDUDOOHO�DVVRF
VWRUHV

-'.�)���
6OLGH���

6XPPDU\���
� +:�H[SORLWLQJ�,/3

² :RUNV�ZKHQ�FDQ·W�NQRZ�GHSHQGHQFH�DW�FRPSLOH�WLPH�
² &RGH�IRU�RQH�PDFKLQH�UXQV�ZHOO�RQ�DQRWKHU

� .H\�LGHD�RI�6FRUHERDUG��$OORZ�LQVWUXFWLRQV�EHKLQG
VWDOO�WR�SURFHHG��'HFRGH� !�,VVXH�LQVWU�	�UHDG

RSHUDQGV�
² (QDEOHV�RXW�RI�RUGHU�H[HFXWLRQ� !�RXW�RI�RUGHU�FRPSOHWLRQ
² ,'�VWDJH�FKHFNHG�ERWK�IRU�VWUXFWXUDO�	�GDWD�GHSHQGHQFLHV
² 2ULJLQDO�YHUVLRQ�GLGQ·W�KDQGOH�IRUZDUGLQJ�
² 1R�DXWRPDWLF�UHJLVWHU�UHQDPLQJ

-'.�)���
6OLGH���

6XPPDU\���
� 5HVHUYDWLRQV�VWDWLRQV��UHQDPLQJ�WR�ODUJHU�VHW�RI
UHJLVWHUV���EXIIHULQJ�VRXUFH�RSHUDQGV
² 3UHYHQWV�UHJLVWHUV�DV�ERWWOHQHFN
² $YRLGV�:$5��:$:�KD]DUGV�RI�6FRUHERDUG
² $OORZV�ORRS�XQUROOLQJ�LQ�+:

� 1RW�OLPLWHG�WR�EDVLF�EORFNV
�LQWHJHU�XQLWV�JHWV�DKHDG��EH\RQG�EUDQFKHV�

� +HOSV�FDFKH�PLVVHV�DV�ZHOO
� /DVWLQJ�&RQWULEXWLRQV

² '\QDPLF�VFKHGXOLQJ
² 5HJLVWHU�UHQDPLQJ
² /RDG�VWRUH�GLVDPELJXDWLRQ

� �������GHVFHQGDQWV�DUH�3HQWLXP�,,��3RZHU3&�����
0,36�5�������+3�3$�������$OSKD������


