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5HYLHZ�
'\QDPLF�KDUGZDUH�WHFKQLTXHV�IRU

RXW�RI�RUGHU�H[HFXWLRQ
� +:�H[SORLWDWLRQ�RI�,/3

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

� 6FRUHERDUG��DOD�&'&������LQ������
² &HQWUDOL]HG�FRQWURO�VWUXFWXUH
² 1R�UHJLVWHU�UHQDPLQJ��QR�IRUZDUGLQJ
² 3LSHOLQH�VWDOOV�IRU�:$5�DQG�:$:�KD]DUGV�
² $UH�WKHVH�IXQGDPHQWDO�OLPLWDWLRQV"""��1R�

� 5HVHUYDWLRQ�VWDWLRQV��DOD�,%0��������LQ������
² 'LVWULEXWHG�FRQWURO�VWUXFWXUHV
² ,PSOLFLW�UHQDPLQJ�RI�UHJLVWHUV��GLVSDWFKHG�SRLQWHUV�
² :$5�DQG�:$:�KD]DUGV�HOLPLQDWHG�E\�UHJLVWHU�UHQDPLQJ
² 5HVXOWV�EURDGFDVW�WR�DOO�UHVHUYDWLRQ�VWDWLRQV�IRU�5$:
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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
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7RPDVXOR�/RRS�([DPSOH
Loop:LD F0 0 R1

 MULTD F4 F0 F2

 SD F4 0 R1

 SUBI R1 R1 #8

 BNEZ R1 Loop

� $VVXPH�0XOWLSO\�WDNHV���FORFNV
� $VVXPH�ILUVW�ORDG�WDNHV���FORFNV��FDFKH�PLVV��
VHFRQG�ORDG�WDNHV���FORFN��KLW�

� 7R�EH�FOHDU��ZLOO�VKRZ�FORFNV�IRU�68%,��%1(=
� 5HDOLW\��LQWHJHU�LQVWUXFWLRQV�DKHDG
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/RRS�([DPSOH
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 Load1 No
1 MULTD F4 F0 F2 Load2 No
1 SD F4 0 R1 Load3 No
2 LD F0 0 R1 Store1 No
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 No SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
0 80 Fu
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 Load2 No
1 SD F4 0 R1 Load3 No
2 LD F0 0 R1 Store1 No
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 No SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
1 80 Fu Load1
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 Load3 No
2 LD F0 0 R1 Store1 No
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F4) Load1 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
2 80 Fu Load1 Mult1
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F4) Load1 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
3 80 Fu Load1 Mult1

� ,PSOLFLW�UHQDPLQJ�VHWV�XS�´'DWD)ORZµ�JUDSK -'.�)���
6OLGH���

/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F4) Load1 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
4 80 Fu Load1 Mult1

� 'LVSDWFKLQJ�68%,�,QVWUXFWLRQ
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F4) Load1 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
5 72 Fu Load1 Mult1

� $QG��%1(=�LQVWUXFWLRQ -'.�)���
6OLGH���

/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 Yes 72
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 6 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F4) Load1 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
6 72 Fu Load2 Mult1

� 1RWLFH�WKDW�)��QHYHU�VHHV�/RDG�IURP�ORFDWLRQ���
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 Yes 72
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 6 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 No
2 SD F4 0 R1 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load1 SUBI R1 R1 #8
Mult2 Yes Multd R(F2) Load2 BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
7 72 Fu Load2 Mult2

� 5HJLVWHU�ILOH�FRPSOHWHO\�GHWDFKHG�IURP�FRPSXWDWLRQ
� )LUVW�DQG�6HFRQG�LWHUDWLRQ�FRPSOHWHO\�RYHUODSSHG
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 Yes 72
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 6 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load1 SUBI R1 R1 #8
Mult2 Yes Multd R(F2) Load2 BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
8 72 Fu Load2 Mult2
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/RRS�([DPSOH�&\FOH��
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 Load1 Yes 80
1 MULTD F4 F0 F2 2 Load2 Yes 72
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 6 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load1 SUBI R1 R1 #8
Mult2 Yes Multd R(F2) Load2 BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
9 72 Fu Load2 Mult2

� /RDG��FRPSOHWLQJ��ZKR�LV�ZDLWLQJ"
� 1RWH��'LVSDWFKLQJ�68%,
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 Load2 Yes 72
1 SD F4 0 R1 3 Load3 No
2 LD F0 0 R1 6 10 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1

4 Mult1 Yes Multd M[80] R(F2) SUBI R1 R1 #8
Mult2 Yes Multd R(F2) Load2 BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
10 64 Fu Load2 Mult2

� /RDG��FRPSOHWLQJ��ZKR�LV�ZDLWLQJ"
� 1RWH��'LVSDWFKLQJ�%1(=
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1

3 Mult1 Yes Multd M[80] R(F2) SUBI R1 R1 #8
4 Mult2 Yes Multd M[72] R(F2) BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
11 64 Fu Load3 Mult2

� 1H[W�ORDG�LQ�VHTXHQFH -'.�)���
6OLGH���

/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1

2 Mult1 Yes Multd M[80] R(F2) SUBI R1 R1 #8
3 Mult2 Yes Multd M[72] R(F2) BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
12 64 Fu Load3 Mult2

� :K\�QRW�LVVXH�WKLUG�PXOWLSO\"
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1

1 Mult1 Yes Multd M[80] R(F2) SUBI R1 R1 #8
2 Mult2 Yes Multd M[72] R(F2) BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
13 64 Fu Load3 Mult2
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 Mult1
2 MULTD F4 F0 F2 7 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1

0 Mult1 Yes Multd M[80] R(F2) SUBI R1 R1 #8
1 Mult2 Yes Multd M[72] R(F2) BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
14 64 Fu Load3 Mult2

� 0XOW��FRPSOHWLQJ���:KR�LV�ZDLWLQJ"
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 [80]*R2
2 MULTD F4 F0 F2 7 15 Store2 Yes 72 Mult2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 No SUBI R1 R1 #8

0 Mult2 Yes Multd M[72] R(F2) BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
15 64 Fu Load3 Mult2

� 0XOW��FRPSOHWLQJ���:KR�LV�ZDLWLQJ" -'.�)���
6OLGH���

/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 [80]*R2
2 MULTD F4 F0 F2 7 15 16 Store2 Yes 72 [72]*R2
2 SD F4 0 R1 8 Store3 No

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load3 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
16 64 Fu Load3 Mult1
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 [80]*R2
2 MULTD F4 F0 F2 7 15 16 Store2 Yes 72 [72]*R2
2 SD F4 0 R1 8 Store3 Yes 64 Mult1

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load3 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
17 64 Fu Load3 Mult1
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 18 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 Yes 80 [80]*R2
2 MULTD F4 F0 F2 7 15 16 Store2 Yes 72 [72]*R2
2 SD F4 0 R1 8 Store3 Yes 64 Mult1

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load3 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
18 64 Fu Load3 Mult1
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 18 19 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 No
2 MULTD F4 F0 F2 7 15 16 Store2 Yes 72 [72]*R2
2 SD F4 0 R1 8 19 Store3 Yes 64 Mult1

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load3 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
19 64 Fu Load3 Mult1
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/RRS�([DPSOH�&\FOH���
Instruction status: Exec Write

ITER Instruction j k Issue CompResult Busy Addr Fu
1 LD F0 0 R1 1 9 10 Load1 No
1 MULTD F4 F0 F2 2 14 15 Load2 No
1 SD F4 0 R1 3 18 19 Load3 Yes 64
2 LD F0 0 R1 6 10 11 Store1 No
2 MULTD F4 F0 F2 7 15 16 Store2 No
2 SD F4 0 R1 8 19 20 Store3 Yes 64 Mult1

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

Add1 No LD F0 0 R1
Add2 No MULTD F4 F0 F2
Add3 No SD F4 0 R1
Mult1 Yes Multd R(F2) Load3 SUBI R1 R1 #8
Mult2 No BNEZ R1 Loop

Register result status

Clock R1 F0 F2 F4 F6 F8 F10 F12 ... F30
20 64 Fu Load3 Mult1
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:K\�FDQ�7RPDVXOR�RYHUODS
LWHUDWLRQV�RI�ORRSV"

� 5HJLVWHU�UHQDPLQJ
² 0XOWLSOH�LWHUDWLRQV�XVH�GLIIHUHQW�SK\VLFDO�GHVWLQDWLRQV�IRU
UHJLVWHUV��G\QDPLF�ORRS�XQUROOLQJ��

� 5HVHUYDWLRQ�VWDWLRQV
² 3HUPLW�LQVWUXFWLRQ�LVVXH�WR�DGYDQFH�SDVW�LQWHJHU�FRQWURO�IORZ
RSHUDWLRQV

� 2WKHU�LGHD��7RPDVXOR�EXLOGLQJ�´'DWD)ORZµ�JUDSK�RQ
WKH�IO\�
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6OLGH���

� %DVLF�,GHD��+DUGZDUH�UHVSUHVHQWV�GLUHFW�HQFRGLQJ
RI�FRPSLOHU�GDWDIORZ�JUDSKV�

� 'DWD�IORZV�DORQJ�DUFV�LQ
´7RNHQVµ�

� :KHQ�WZR�WRNHQV�DUULYH�DW
FRPSXWH�ER[��ER[�´ILUHVµ�DQG
SURGXFHV�QHZ�WRNHQ�

� 6SOLW�RSHUDWLRQV�SURGXFH�FRSLHV
RI�WRNHQV

'DWD�)ORZ�$UFKLWHFWXUHV

Input: a,b
   y:= (a+b)/x
   x:= (a*(a+b))+b
output: y,x �
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3DSHU�E\�'HQQLV�DQG�0LVXQDV

,QVWUXFWLRQ�
&HOO��

,QVWUXFWLRQ�
&HOO��

,QVWUXFWLRQ�
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6OLGH���

%ULHI��,Q�FODVV�GLVFXVVLRQ�RI
0RQVRRQ
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6OLGH���

:KDW�DERXW�3UHFLVH
,QWHUUXSWV"

� %RWK�6FRUHERDUG�DQG�7RPDVXOR�KDYH�

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

� 1HHG�WR�´IL[µ�WKH�RXW�RI�RUGHU�FRPSOHWLRQ
DVSHFW�VR�WKDW�ZH�FDQ�ILQG�SUHFLVH
EUHDNSRLQW�LQ�LQVWUXFWLRQ�VWUHDP�
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6OLGH���

5HODWLRQVKLS�EHWZHHQ�SUHFLVH
LQWHUUXSWV�DQG�VSHFXOWDWLRQ�

� 6SHFXODWLRQ�LV�D�IRUP�RI�JXHVVLQJ�
� ,PSRUWDQW�IRU�EUDQFK�SUHGLFWLRQ�

² 1HHG�WR�´WDNH�RXU�EHVW�VKRWµ�DW�SUHGLFWLQJ�EUDQFK�GLUHFWLRQ�
² ,I�ZH�LVVXH�PXOWLSOH�LQVWUXFWLRQV�SHU�F\FOH��ORVH�ORWV�RI�SRWHQWLDO
LQVWUXFWLRQV�RWKHUZLVH�

ª &RQVLGHU���LQVWUXFWLRQV�SHU�F\FOH
ª ,I�WDNH�VLQJOH�F\FOH�WR�GHFLGH�RQ�EUDQFK��ZDVWH�IURP������
LQVWUXFWLRQ�VORWV�

� ,I�ZH�VSHFXODWH�DQG�DUH�ZURQJ��QHHG�WR�EDFN�XS�DQG
UHVWDUW�H[HFXWLRQ�WR�SRLQW�DW�ZKLFK�ZH�SUHGLFWHG
LQFRUUHFWO\�
² 7KLV�LV�H[DFWO\�VDPH�DV�SUHFLVH�H[FHSWLRQV�

� 7HFKQLTXH�IRU�ERWK�SUHFLVH�LQWHUUXSWV�H[FHSWLRQV
DQG�VSHFXODWLRQ��LQ�RUGHU�FRPSOHWLRQ�RU�FRPPLW
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6OLGH���

+:�VXSSRUW�IRU�SUHFLVH�LQWHUUXSWV
� 1HHG�+:�EXIIHU�IRU�UHVXOWV
RI�XQFRPPLWWHG�LQVWUXFWLRQV�
UHRUGHU�EXIIHU
² ��ILHOGV��LQVWU��GHVWLQDWLRQ��YDOXH
² 5HRUGHU�EXIIHU�FDQ�EH�RSHUDQG
VRXUFH� !�PRUH�UHJLVWHUV�OLNH�56

² 8VH�UHRUGHU�EXIIHU�QXPEHU�LQVWHDG
RI�UHVHUYDWLRQ�VWDWLRQ�ZKHQ
H[HFXWLRQ�FRPSOHWHV

² 6XSSOLHV�RSHUDQGV�EHWZHHQ�H[HFXWLRQ
FRPSOHWH�	�FRPPLW

² 2QFH�RSHUDQG�FRPPLWV�
UHVXOW�LV�SXW�LQWR�UHJLVWHU

² ,QVWUXFWLRQVFRPPLW
² $V�D�UHVXOW��LWV�HDV\�WR�XQGR
VSHFXODWHG�LQVWUXFWLRQV
RQ�PLVSUHGLFWHG�EUDQFKHV
RU�RQ�H[FHSWLRQV

Reorder
Buffer

FP
Op

Queue

FP Adder FP Adder

Res Stations Res Stations

FP Regs
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6OLGH���

)RXU�6WHSV�RI�6SHFXODWLYH
7RPDVXOR�$OJRULWKP

�� ,VVXH³JHW�LQVWUXFWLRQ�IURP�)3�2S�4XHXH
� ,I�UHVHUYDWLRQ�VWDWLRQ�DQG�UHRUGHU�EXIIHU�VORW�IUHH��LVVXH
LQVWU�	�VHQG�RSHUDQGV�	�UHRUGHU�EXIIHU�QR��IRU�GHVWLQDWLRQ
�WKLV�VWDJH�VRPHWLPHV�FDOOHG�´GLVSDWFKµ�

�� ([HFXWLRQ³RSHUDWH�RQ�RSHUDQGV��(;�
� :KHQ�ERWK�RSHUDQGV�UHDG\�WKHQ�H[HFXWH��LI�QRW�UHDG\��ZDWFK
&'%�IRU�UHVXOW��ZKHQ�ERWK�LQ�UHVHUYDWLRQ�VWDWLRQ��H[HFXWH�
FKHFNV�5$:��VRPHWLPHV�FDOOHG�´LVVXHµ�

�� :ULWH�UHVXOW³ILQLVK�H[HFXWLRQ��:%�
� :ULWH�RQ�&RPPRQ�'DWD�%XV�WR�DOO�DZDLWLQJ�)8V
	�UHRUGHU�EXIIHU��PDUN�UHVHUYDWLRQ�VWDWLRQ�DYDLODEOH�

�� &RPPLW³XSGDWH�UHJLVWHU�ZLWK�UHRUGHU�UHVXOW
� :KHQ�LQVWU��DW�KHDG�RI�UHRUGHU�EXIIHU�	�UHVXOW�SUHVHQW�
XSGDWH�UHJLVWHU�ZLWK�UHVXOW��RU�VWRUH�WR�PHPRU\��DQG�UHPRYH
LQVWU�IURP�UHRUGHU�EXIIHU��0LVSUHGLFWHG�EUDQFK�IOXVKHV
UHRUGHU�EXIIHU��VRPHWLPHV�FDOOHG�´JUDGXDWLRQµ�
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6OLGH���

:KDW�DUH�WKH�KDUGZDUH
FRPSOH[LWLHV�ZLWK�UHRUGHU�EXIIHU"

Reorder
Buffer
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FP Adder FP Adder

Res Stations Res Stations
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HQWULHV�RQ�LQVWUXFWLRQ�GLVSDWFK�WR�ILQG�ODWHVW�YHUVLRQ
RI�UHJLVWHU�

� 1HHG�DV�PDQ\�SRUWV�DV�UHJLVWHU�ILOH
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6OLGH���

([SOLFLW�5HJLVWHU�5HQDPLQJ
� 0DNH�XVH�RI�D�SK\VLFDO�UHJLVWHU�ILOH�WKDW�LV�ODUJHU
WKDQ�QXPEHU�RI�UHJLVWHUV�VSHFLILHG�E\�,6$

� .HHS�D�WUDQVODWLRQ�WDEOH�
² ,6$�UHJLVWHU� !�SK\VLFDO�UHJLVWHU�PDSSLQJ
² :KHQ�UHJLVWHU�LV�ZULWWHQ��UHSODFH�WDEOH�HQWU\�ZLWK�QHZ�UHJLVWHU
IURP�IUHHOLVW�

² 3K\VLFDO�UHJLVWHU�EHFRPHV�IUHH�ZKHQ�QRW�EHLQJ�XVHG�E\�DQ\
LQVWUXFWLRQV�LQ�SURJUHVV�

� 3LSHOLQH�FDQ�EH�H[DFWO\�OLNH�´VWDQGDUGµ�'/;�SLSHOLQH
² ,)��,'��(;��HWF«�

� $GYDQWDJHV�
² 5HPRYHV�DOO�:$5�DQG�:$:�KD]DUGV
² /LNH�7RPDVXOR��JRRG�IRU�DOORZLQJ�IXOO�RXW�RI�RUGHU�FRPSOHWLRQ
² $OORZV�GDWD�WR�EH�IHWFKHG�IURP�D�VLQJOH�UHJLVWHU�ILOH
² 0DNHV�VSHFXODWLYH�H[HFXWLRQ�SUHFLVH�LQWHUUXSWV�HDVLHU�

ª $OO�WKDW�QHHGV�WR�EH�´XQGRQHµ�IRU�SUHFLVH�EUHDN�SRLQW
LV�WR�XQGR�WKH�WDEOH�PDSSLQJV
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6OLGH���

4XHVWLRQ�
&DQ�ZH�XVH�H[SOLFLW�UHJLVWHU
UHQDPLQJ�ZLWK�VFRUHERDUG"

5HQDPH
7DEOH

)X
QF
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)3�0XOW)3�0XOW
)3�0XOW)3�0XOW

)3�'LYLGH)3�'LYLGH

)3�$GG)3�$GG

,QWHJHU,QWHJHU

0HPRU\6&25(%2$5'6&25(%2$5'
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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

Int1 No
Int2 No
Mult1 No
Add No
Divide No

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

FU P0 P2 P4 P6 P8 P10 P12 P30

� ,QLWLDOL]HG�5HQDPH�7DEOH

-'.�)���
6OLGH���

5HQDPHG�6FRUHERDUG��
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

Int1 Yes Load P32 R2 Yes
Int2 No
Mult1 No
Add No
Divide No

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

1 FU P0 P2 P4 P32 P8 P10 P12 P30

� (DFK�LQVWUXFWLRQ�DOORFDWHV�IUHH�UHJLVWHU
� 6LPLODU�WR�VLQJOH�DVVLJQPHQW�FRPSLOHU�WUDQVIRUPDWLRQ

-'.�)���
6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2
LD F2 45+ R3 2
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

Int1 Yes Load P32 R2 Yes
Int2 Yes Load P34 R3 Yes
Mult1 No
Add No
Divide No

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

2 FU P0 P34 P4 P32 P8 P10 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 Yes Load P32 R2 Yes
Int2 Yes Load P34 R3 Yes
Mult1 Yes Multd P36 P34 P4 Int2 No Yes
Add No
Divide No

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

3 FU P36 P34 P4 P32 P8 P10 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 Yes Load P34 R3 Yes
Mult1 Yes Multd P36 P34 P4 Int2 No Yes
Add Yes Sub P38 P32 P34 Int2 Yes No
Divide No

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

4 FU P36 P34 P4 P32 P38 P10 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 No
Mult1 Yes Multd P36 P34 P4 Yes Yes
Add Yes Sub P38 P32 P34 Yes Yes
Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

5 FU P36 P34 P4 P32 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 No

10 Mult1 Yes Multd P36 P34 P4 Yes Yes
2 Add Yes Sub P38 P32 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

6 FU P36 P34 P4 P32 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 No

9 Mult1 Yes Multd P36 P34 P4 Yes Yes
1 Add Yes Sub P38 P32 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

7 FU P36 P34 P4 P32 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 No

8 Mult1 Yes Multd P36 P34 P4 Yes Yes
0 Add Yes Sub P38 P32 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

8 FU P36 P34 P4 P32 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG��
Instruction status: Read Exec Write

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

Int1 No
Int2 No

7 Mult1 Yes Multd P36 P34 P4 Yes Yes
Add No
Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

9 FU P36 P34 P4 P32 P38 P40 P12 P30

-'.�)���
6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10

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

Int1 No
Int2 No

6 Mult1 Yes Multd P36 P34 P4 Yes Yes
Add Yes Addd P42 P38 P34 Yes Yes
Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

10 FU P36 P34 P4 P42 P38 P40 P12 P30

:$5�+D]DUG�JRQH�

� 1RWLFH�WKDW�3���QRW�OLVWHG�LQ�5HQDPH�7DEOH
² 6WLOO�OLYH���0XVW�QRW�EH�UHDOORFDWHG�E\�DFFLGHQW
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11

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

Int1 No
Int2 No

5 Mult1 Yes Multd P36 P34 P4 Yes Yes
2 Add Yes Addd P42 P38 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

11 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11

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

Int1 No
Int2 No

4 Mult1 Yes Multd P36 P34 P4 Yes Yes
1 Add Yes Addd P42 P38 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

12 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11 13

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

Int1 No
Int2 No

3 Mult1 Yes Multd P36 P34 P4 Yes Yes
0 Add Yes Addd P42 P38 P34 Yes Yes

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

13 FU P36 P34 P4 P42 P38 P40 P12 P30

-'.�)���
6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11 13 14

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

Int1 No
Int2 No

2 Mult1 Yes Multd P36 P34 P4 Yes Yes
 Add No

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

14 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11 13 14

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

Int1 No
Int2 No

1 Mult1 Yes Multd P36 P34 P4 Yes Yes
 Add No

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

15 FU P36 P34 P4 P42 P38 P40 P12 P30
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5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6 16
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11 13 14

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

Int1 No
Int2 No

0 Mult1 Yes Multd P36 P34 P4 Yes Yes
 Add No

Divide Yes Divd P40 P36 P32 Mult1 No Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

16 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6 16 17
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5
ADDD F6 F8 F2 10 11 13 14

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

Int1 No
Int2 No
Mult1 No

 Add No
Divide Yes Divd P40 P36 P32 Mult1 Yes Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

17 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

5HQDPHG�6FRUHERDUG���
Instruction status: Read Exec Write

Instruction j k Issue Oper Comp Result
LD F6 34+ R2 1 2 3 4
LD F2 45+ R3 2 3 4 5
MULTD F0 F2 F4 3 6 16 17
SUBD F8 F6 F2 4 6 8 9
DIVD F10 F0 F6 5 18
ADDD F6 F8 F2 10 11 13 14

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

Int1 No
Int2 No
Mult1 No

 Add No
40 Divide Yes Divd P40 P36 P32 Mult1 Yes Yes

Register Rename and Result
Clock F0 F2 F4 F6 F8 F10 F12 ... F30

18 FU P36 P34 P4 P42 P38 P40 P12 P30
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6OLGH���

([SOLFLW�5HQDPLQJ�6XSSRUW
,QFOXGHV�

� 5DSLG�DFFHVV�WR�D�WDEOH�RI�WUDQVODWLRQV
� $�SK\VLFDO�UHJLVWHU�ILOH�WKDW�KDV�PRUH�UHJLVWHUV
WKDQ�VSHFLILHG�E\�WKH�,6$

� $ELOLW\�WR�ILJXUH�RXW�ZKLFK�SK\VLFDO�UHJLVWHUV�DUH
IUHH�
² 1R�IUHH�UHJLVWHUV�⇒�VWDOO�RQ�LVVXH

� 7KXV��UHJLVWHU�UHQDPLQJ�GRHVQ·W�UHTXLUH
UHVHUYDWLRQ�VWDWLRQV���+RZHYHU�
² 0DQ\�PRGHUQ�DUFKLWHFWXUHV�XVH�H[SOLFLW�UHJLVWHU�UHQDPLQJ��
7RPDVXOR�OLNH�UHVHUYDWLRQ�VWDWLRQV�WR�FRQWURO�H[HFXWLRQ�

-'.�)���
6OLGH���

'LVFXVVLRQ�RI�5�����

-'.�)���
6OLGH���

'\QDPLF�6FKHGXOLQJ�LQ�3RZHU3&
����DQG�3HQWLXP�3UR

� %RWK�,Q�RUGHU�,VVXH��2XW�RI�RUGHU
H[HFXWLRQ��,Q�RUGHU�&RPPLW

3HQWLXP�3UR�PRUH�OLNH�D�VFRUHERDUG�VLQFH
FHQWUDO�FRQWURO�YV��GLVWULEXWHG -'.�)���

6OLGH���

'\QDPLF�6FKHGXOLQJ�LQ�3RZHU3&
����DQG�3HQWLXP�3UR

Parameter PPC PPro
Max. instructions issued/clock 4 3
Max. instr. complete exec./clock 6 5
Max. instr. commited/clock 6 3
Window (Instrs in reorder buffer) 16 40
Number of reservations stations 12 20
Number of rename registers 8int/12FP 40
No. integer functional units (FUs) 2 2
No. floating point FUs 1 1
No. branch FUs 1 1
No. complex integer FUs 1 0
No. memory FUs 1 1 load +1 store

Q: How pipeline 1 to 17 byte x86 instructions?



-'.�)���
6OLGH���

'\QDPLF�6FKHGXOLQJ�LQ�3HQWLXP�3UR
��33UR�GRHVQ·W�SLSHOLQH���[���LQVWUXFWLRQV
��33UR�GHFRGH�XQLW�WUDQVODWHV�WKH�,QWHO�LQVWUXFWLRQV
LQWR����ELW�PLFUR�RSHUDWLRQV��ö�'/;�
��6HQGV�PLFUR�RSHUDWLRQV�WR�UHRUGHU�EXIIHU�	
UHVHUYDWLRQ�VWDWLRQV
��7DNHV���FORFN�F\FOH�WR�GHWHUPLQH�OHQJWK�RI���[��
LQVWUXFWLRQV�����PRUH�WR�FUHDWH�WKH�PLFUR�RSHUDWLRQV
�������FORFNV�LQ�WRWDO�SLSHOLQH��ö���VWDWH�PDFKLQHV�
��0DQ\�LQVWUXFWLRQV�WUDQVODWH�WR���WR���PLFUR�
RSHUDWLRQV
��&RPSOH[���[���LQVWUXFWLRQV�DUH�H[HFXWHG�E\�D
FRQYHQWLRQDO�PLFURSURJUDP���.�[����ELWV��WKDW�LVVXHV
ORQJ�VHTXHQFHV�RI�PLFUR�RSHUDWLRQV -'.�)���

6OLGH���

*HWWLQJ�&3,������,VVXLQJ
0XOWLSOH�,QVWUXFWLRQV�&\FOH

� 7ZR�YDULDWLRQV
� 6XSHUVFDODU��YDU\LQJ�QR��LQVWUXFWLRQV�F\FOH����WR
����VFKHGXOHG�E\�FRPSLOHU�RU�E\�+:��7RPDVXOR�
² ,%0�3RZHU3&��6XQ�8OWUD6SDUF��'(&�$OSKD��+3�����

� �9HU\��/RQJ�,QVWUXFWLRQ�:RUGV��9�/,:�
IL[HG�QXPEHU�RI�LQVWUXFWLRQV��������VFKHGXOHG
E\�WKH�FRPSLOHU��SXW�RSV�LQWR�ZLGH�WHPSODWHV
² -RLQW�+3�,QWHO�DJUHHPHQW�LQ����������"
² ,QWHO�$UFKLWHFWXUH�����,$��������ELW�DGGUHVV
² 6W\OH��´([SOLFLWO\�3DUDOOHO�,QVWUXFWLRQ�&RPSXWHU��(3,&�µ

� $QWLFLSDWHG�VXFFHVV�OHDG�WR�XVH�RI
,QVWUXFWLRQV�3HU�&ORFN�F\FOH��,3&��YV��&3,

-'.�)���
6OLGH���

*HWWLQJ�&3,������,VVXLQJ
0XOWLSOH�,QVWUXFWLRQV�&\FOH

� 6XSHUVFDODU�'/;����LQVWUXFWLRQV����)3�	���DQ\WKLQJ
HOVH
²�)HWFK����ELWV�FORFN�F\FOH��,QW�RQ�OHIW��)3�RQ�ULJKW
²�&DQ�RQO\�LVVXH��QG�LQVWUXFWLRQ�LI��VW�LQVWUXFWLRQ�LVVXHV
²�0RUH�SRUWV�IRU�)3�UHJLVWHUV�WR�GR�)3�ORDG�	�)3�RS�LQ�D�SDLU

7\SH 3LSH6WDJHV
,QW��LQVWUXFWLRQ ,) ,' (; 0(0 :%
)3�LQVWUXFWLRQ ,) ,' (; 0(0 :%
,QW��LQVWUXFWLRQ ,) ,' (; 0(0 :%
)3�LQVWUXFWLRQ ,) ,' (; 0(0 :%
,QW��LQVWUXFWLRQ ,) ,' (; 0(0 :%
)3�LQVWUXFWLRQ ,) ,' (; 0(0 :%

� ���F\FOH�ORDG�GHOD\�H[SDQGV�WR���LQVWUXFWLRQV�LQ�66
² LQVWUXFWLRQ�LQ�ULJKW�KDOI�FDQ·W�XVH�LW��QRU�LQVWUXFWLRQV�LQ�QH[W�VORW

-'.�)���
6OLGH���

5HYLHZ��8QUROOHG�/RRS�WKDW
0LQLPL]HV�6WDOOV�IRU�6FDODU
1 Loop: LD F0,0(R1)
2 LD F6,-8(R1)
3 LD F10,-16(R1)
4 LD F14,-24(R1)
5 ADDD F4,F0,F2
6 ADDD F8,F6,F2
7 ADDD F12,F10,F2
8 ADDD F16,F14,F2
9 SD 0(R1),F4
10 SD -8(R1),F8
11 SD -16(R1),F12
12 SUBI R1,R1,#32
13 BNEZ R1,LOOP
14 SD 8(R1),F16 ; 8-32 = -24

14 clock cycles, or 3.5 per iteration

LD to ADDD: 1 Cycle
ADDD to SD: 2 Cycles



-'.�)���
6OLGH���

/RRS�8QUROOLQJ�LQ�6XSHUVFDODU
,QWHJHU�LQVWUXFWLRQ )3�LQVWUXFWLRQ &ORFN�F\FOH

/RRS� /'����)����5�� �
/'����)�����5�� �
/'����)�������5�� $'''�)��)��)� �
/'����)�������5�� $'''�)��)��)� �
/'����)�������5�� $'''�)���)���)� �
6'������5���)� $'''�)���)���)� �
6'�������5���)� $'''�)���)���)� �
6'��������5���)�� �
6'��������5���)�� �
68%,���5��5����� ��
%1(=��5��/223 ��
6'��������5���)�� ��

� 8QUROOHG���WLPHV�WR�DYRLG�GHOD\V�����GXH�WR�66�
� ���FORFNV��RU�����FORFNV�SHU�LWHUDWLRQ�����;� -'.�)���

6OLGH���

0XOWLSOH�,VVXH�&KDOOHQJHV
� :KLOH�,QWHJHU�)3�VSOLW�LV�VLPSOH�IRU�WKH�+:��JHW
&3,�RI�����RQO\�IRU�SURJUDPV�ZLWK�
² ([DFWO\�����)3�RSHUDWLRQV
² 1R�KD]DUGV

� ,I�PRUH�LQVWUXFWLRQV�LVVXH�DW�VDPH�WLPH��JUHDWHU
GLIILFXOW\�RI�GHFRGH�DQG�LVVXH
² (YHQ���VFDODU� !�H[DPLQH���RSFRGHV����UHJLVWHU�VSHFLILHUV��	
GHFLGH�LI���RU���LQVWUXFWLRQV�FDQ�LVVXH

� 9/,:��WUDGHRII�LQVWUXFWLRQ�VSDFH�IRU�VLPSOH
GHFRGLQJ
² 7KH�ORQJ�LQVWUXFWLRQ�ZRUG�KDV�URRP�IRU�PDQ\�RSHUDWLRQV
² %\�GHILQLWLRQ��DOO�WKH�RSHUDWLRQV�WKH�FRPSLOHU�SXWV�LQ�WKH�ORQJ
LQVWUXFWLRQ�ZRUG�DUH�LQGHSHQGHQW� !�H[HFXWH�LQ�SDUDOOHO

² (�J�����LQWHJHU�RSHUDWLRQV����)3�RSV����0HPRU\�UHIV����EUDQFK
ª ���WR����ELWV�SHU�ILHOG� !��
���RU�����ELWV�WR��
���RU����
ELWV�ZLGH

² 1HHG�FRPSLOLQJ�WHFKQLTXH�WKDW�VFKHGXOHV�DFURVV�VHYHUDO�EUDQFKHV

-'.�)���
6OLGH���

/RRS�8QUROOLQJ�LQ�9/,:
Memory Memory FP FP Int. op/ Clock
reference 1 reference 2 operation 1  op. 2 branch
LD F0,0(R1) LD F6,-8(R1) 1
LD F10,-16(R1) LD F14,-24(R1) 2
LD F18,-32(R1) LD F22,-40(R1) ADDD F4,F0,F2 ADDD F8,F6,F2 3
LD F26,-48(R1) ADDD F12,F10,F2 ADDD F16,F14,F2 4

ADDD F20,F18,F2 ADDD F24,F22,F2 5
SD 0(R1),F4 SD -8(R1),F8 ADDD F28,F26,F2 6
SD -16(R1),F12 SD -24(R1),F16 7
SD -32(R1),F20 SD -40(R1),F24 SUBI  R1,R1,#48 8
SD -0(R1),F28 BNEZ R1,LOOP 9

  Unrolled 7 times to avoid delays
  7 results in 9 clocks, or 1.3 clocks per iteration (1.8X)
  Average: 2.5 ops per clock, 50% efficiency
  Note: Need more registers in VLIW (15 vs. 6 in SS) -'.�)���

6OLGH���

7UDFH�6FKHGXOLQJ

� 3DUDOOHOLVP�DFURVV�,)�EUDQFKHV�YV��/223�EUDQFKHV
� 7ZR�VWHSV�

² 7UDFH�6HOHFWLRQ
ª )LQG�OLNHO\�VHTXHQFH�RI�EDVLF�EORFNV��WUDFH�
RI��VWDWLFDOO\�SUHGLFWHG�RU�SURILOH�SUHGLFWHG�
ORQJ�VHTXHQFH�RI�VWUDLJKW�OLQH�FRGH

² 7UDFH�&RPSDFWLRQ
ª 6TXHH]H�WUDFH�LQWR�IHZ�9/,:�LQVWUXFWLRQV
ª 1HHG�ERRNNHHSLQJ�FRGH�LQ�FDVH�SUHGLFWLRQ�LV�ZURQJ

� &RPSLOHU�XQGRHV�EDG�JXHVV
�GLVFDUGV�YDOXHV�LQ�UHJLVWHUV�

� 6XEWOH�FRPSLOHU�EXJV�PHDQ�ZURQJ�DQVZHU
YV��SRRHU�SHUIRUPDQFH��QR�KDUGZDUH�LQWHUORFNV



-'.�)���
6OLGH���

$GYDQWDJHV�RI�+:��7RPDVXOR�
YV��6:��9/,:��6SHFXODWLRQ

� +:�GHWHUPLQHV�DGGUHVV�FRQIOLFWV
� +:�EHWWHU�EUDQFK�SUHGLFWLRQ
� +:�PDLQWDLQV�SUHFLVH�H[FHSWLRQ�PRGHO
� +:�GRHV�QRW�H[HFXWH�ERRNNHHSLQJ�LQVWUXFWLRQV
� :RUNV�DFURVV�PXOWLSOH�LPSOHPHQWDWLRQV
� 6:�VSHFXODWLRQ�LV�PXFK�HDVLHU�IRU�+:�GHVLJQ

-'.�)���
6OLGH���

6XSHUVFDODU�Y��9/,:

� 6PDOOHU�FRGH�VL]H
� %LQDU\�FRPSDWDELOLW\
DFURVV�JHQHUDWLRQV
RI�KDUGZDUH

� 6LPSOLILHG�+DUGZDUH
IRU�GHFRGLQJ��LVVXLQJ
LQVWUXFWLRQV

� 1R�,QWHUORFN
+DUGZDUH��FRPSLOHU
FKHFNV"�

� 0RUH�UHJLVWHUV��EXW
VLPSOLILHG�+DUGZDUH
IRU�5HJLVWHU�3RUWV
�PXOWLSOH�LQGHSHQGHQW
UHJLVWHU�ILOHV"�

-'.�)���
6OLGH���

,QWHO�+3�´([SOLFLWO\�3DUDOOHO
,QVWUXFWLRQ�&RPSXWHU��(3,&�µ

� ��,QVWUXFWLRQV�LQ�����ELW�´JURXSVµ��ILHOG�GHWHUPLQHV�LI
LQVWUXFWLRQV�GHSHQGHQW�RU�LQGHSHQGHQW
² 6PDOOHU�FRGH�VL]H�WKDQ�ROG�9/,:��ODUJHU�WKDQ�[���5,6&
² *URXSV�FDQ�EH�OLQNHG�WR�VKRZ�LQGHSHQGHQFH�!���LQVWU

� ���LQWHJHU�UHJLVWHUV������IORDWLQJ�SRLQW�UHJLVWHUV
² 1RW�VHSDUDWH�ILOHVSHU�IXQFLWRQDO�XQLW�DV�LQ�ROG�9/,:

� +DUGZDUH�FKHFNV�GHSHQGHQFLHV
�LQWHUORFNV� !�ELQDU\�FRPSDWLELOLW\�RYHU�WLPH�

� 3UHGLFDWHG�H[HFXWLRQ��VHOHFW���RXW�RI������ELW�IODJV�
 !�����IHZHU�PLVSUHGLFWLRQV"

� ,$������QDPH�RI�LQVWUXFWLRQ�VHW�DUFKLWHFWXUH��(3,&�LV
W\SH

� 0HUFHG�LV�QDPH�RI�ILUVW�LPSOHPHQWDWLRQ�����������"�
� /,:� �(3,&"

-'.�)���
6OLGH���

'\QDPLF�6FKHGXOLQJ�LQ�6XSHUVFDODU

� 'HSHQGHQFLHV�VWRS�LQVWUXFWLRQ�LVVXH
� &RGH�FRPSLOHU�IRU�ROG�YHUVLRQ�ZLOO�UXQ�SRRUO\�RQ
QHZHVW�YHUVLRQ
² 0D\�ZDQW�FRGH�WR�YDU\�EDVHG�RQ�YHUVLRQ�RI�DUFKLWHFWXUH



-'.�)���
6OLGH���

'\QDPLF�6FKHGXOLQJ�LQ�6XSHUVFDODU

� +RZ�WR�LVVXH�WZR�LQVWUXFWLRQV�DQG�NHHS�LQ�RUGHU
LQVWUXFWLRQ�LVVXH�IRU�7RPDVXOR"
² $VVXPH���LQWHJHU�����IORDWLQJ�SRLQW
² ��7RPDVXOR�FRQWURO�IRU�LQWHJHU����IRU�IORDWLQJ�SRLQW

� ,VVXH��;�&ORFN�5DWH��VR�WKDW�LVVXH�UHPDLQV�LQ�RUGHU
� 2QO\�)3�ORDGV�PLJKW�FDXVH�GHSHQGHQF\�EHWZHHQ
LQWHJHU�DQG�)3�LVVXH�
² 5HSODFH�ORDG�UHVHUYDWLRQ�VWDWLRQ�ZLWK�D�ORDG�TXHXH�
RSHUDQGV�PXVW�EH�UHDG�LQ�WKH�RUGHU�WKH\�DUH�IHWFKHG

² /RDG�FKHFNV�DGGUHVVHV�LQ�6WRUH�4XHXH�WR�DYRLG�5$:�YLRODWLRQ
² 6WRUH�FKHFNV�DGGUHVVHV�LQ�/RDG�4XHXH�WR�DYRLG�:$5�:$:
² &DOOHG�´GHFRXSOHG�DUFKLWHFWXUHµ

-'.�)���
6OLGH���

3HUIRUPDQFH�RI�'\QDPLF�66
,WHUDWLRQ�,QVWUXFWLRQV ,VVXHV� ([HFXWHV :ULWHV�UHVXOW
QR� �����������������������������������FORFN�F\FOH�QXPEHU
� /'���)����5�� � � �
� $'''�)��)��)� � � �
� 6'�����5���)� � �
� 68%,��5��5���� � � �
� %1(=�5��/223 � �
� /'���)����5�� � � �
� $'''�)��)��)� � � ��
� 6'�����5���)� � ��
� 68%,��5��5���� � � �
� %1(=�5��/223 � �

ö���FORFNV�SHU�LWHUDWLRQ��RQO\���)3�LQVWU�LWHUDWLRQ
%UDQFKHV��'HFUHPHQWV�LVVXHV�VWLOO�WDNH���FORFN�F\FOH
+RZ�JHW�PRUH�SHUIRUPDQFH"

-'.�)���
6OLGH���

6RIWZDUH�3LSHOLQLQJ
� 2EVHUYDWLRQ��LI�LWHUDWLRQV�IURP�ORRSV�DUH�LQGHSHQGHQW�
WKHQ�FDQ�JHW�PRUH�,/3�E\�WDNLQJ�LQVWUXFWLRQV�IURP
GLIIHUHQW�LWHUDWLRQV

� 6RIWZDUH�SLSHOLQLQJ��UHRUJDQL]HV�ORRSV�VR�WKDW�HDFK
LWHUDWLRQ�LV�PDGH�IURP�LQVWUXFWLRQV�FKRVHQ�IURP
GLIIHUHQW�LWHUDWLRQV�RI�WKH�RULJLQDO�ORRS��ö�7RPDVXOR�LQ
6:�

Iteration 
0 Iteration 

1 Iteration 
2 Iteration 

3 Iteration 
4

Software- 
pipelined 
iteration

-'.�)���
6OLGH���

6RIWZDUH�3LSHOLQLQJ�([DPSOH
%HIRUH��8QUROOHG���WLPHV
��� LD F0,0(R1)
�� ADDD F4,F0,F2
�� SD 0(R1),F4 
�� LD F6,-8(R1)
�� ADDD F8,F6,F2
�� SD -8(R1),F8 
�� LD F10,-16(R1)
�� ADDD F12,F10,F2
�� SD -16(R1),F12
��� SUBI R1,R1,#24
��� BNEZ R1,LOOP

After: Software Pipelined
 1 SD 0(R1),F4 ; Stores M[i]
 2 ADDD F4,F0,F2 ; Adds to M[i-1]
 3 LD F0,-16(R1);Loads M[i-2]
 4 SUBI R1,R1,#8
 5 BNEZ R1,LOOP

• Symbolic Loop Unrolling
–  Maximize result-use distance 
–  Less code space than unrolling
–  Fill & drain pipe only once per loop
     vs. once per each unrolled iteration in loop unrolling

SW Pipeline

Loop Unrolled

o
ve

rl
ap

p
ed

 o
p

s

Time

Time



-'.�)���
6OLGH���

/LPLWV�WR�0XOWL�,VVXH�0DFKLQHV
� ,QKHUHQW�OLPLWDWLRQV�RI�,/3

² ��EUDQFK�LQ����+RZ�WR�NHHS�D����ZD\�9/,:�EXV\"
² /DWHQFLHV�RI�XQLWV��PDQ\�RSHUDWLRQV�PXVW�EH�VFKHGXOHG
² 1HHG�DERXW�3LSHOLQH�'HSWK�[�1R��)XQFWLRQDO�8QLWV�RI
LQGHSHQGHQW'LIILFXOWLHV�LQ�EXLOGLQJ�+:

² (DV\��0RUH�LQVWUXFWLRQ�EDQGZLGWK
² (DV\��'XSOLFDWH�)8V�WR�JHW�SDUDOOHO�H[HFXWLRQ
² +DUG��,QFUHDVH�SRUWV�WR�5HJLVWHU�)LOH��EDQGZLGWK�

ª 9/,:�H[DPSOH�QHHGV���UHDG�DQG���ZULWH�IRU�,QW��5HJ�
	���UHDG�DQG���ZULWH�IRU�)3�UHJ

² +DUGHU��,QFUHDVH�SRUWV�WR�PHPRU\��EDQGZLGWK�
² 'HFRGLQJ�6XSHUVFDODU�DQG�LPSDFW�RQ�FORFN�UDWH��SLSHOLQH�GHSWK"

-'.�)���
6OLGH���

/LPLWV�WR�0XOWL�,VVXH�0DFKLQHV
� /LPLWDWLRQV�VSHFLILF�WR�HLWKHU�6XSHUVFDODU�RU�9/,:
LPSOHPHQWDWLRQ
² 'HFRGH�LVVXH�LQ�6XSHUVFDODU��KRZ�ZLGH�SUDFWLFDO"
² 9/,:�FRGH�VL]H���XQUROO�ORRSV���ZDVWHG�ILHOGV�LQ�9/,:

ª ,$����FRPSUHVVHV�GHSHQGHQW�LQVWUXFWLRQV��EXW�VWLOO�ODUJHU
² 9/,:�ORFN�VWHS� !���KD]DUG�	�DOO�LQVWUXFWLRQV�VWDOO

ª ,$����QRW�ORFN�VWHS"�'\QDPLF�SLSHOLQH"
² 9/,:�	�ELQDU\�FRPSDWLELOLW\,$����SURPLVHV�ELQDU\�FRPSDWLELOLW\

-'.�)���
6OLGH���

/LPLWV�WR�,/3
� &RQIOLFWLQJ�VWXGLHV�RI�DPRXQW

² %HQFKPDUNV��YHFWRUL]HG�)RUWUDQ�)3�YV��LQWHJHU�&�SURJUDPV�
² +DUGZDUH�VRSKLVWLFDWLRQ
² &RPSLOHU�VRSKLVWLFDWLRQ

� +RZ�PXFK�,/3�LV�DYDLODEOH�XVLQJ�H[LVWLQJ
PHFKDQLPV�ZLWK�LQFUHDVLQJ�+:�EXGJHWV"

� 'R�ZH�QHHG�WR�LQYHQW�QHZ�+:�6:�PHFKDQLVPV�WR
NHHS�RQ�SURFHVVRU�SHUIRUPDQFH�FXUYH"

-'.�)���
6OLGH���

/LPLWV�WR�,/3
,QLWLDO�+:�0RGHO�KHUH��0,36�FRPSLOHUV�
$VVXPSWLRQV�IRU�LGHDO�SHUIHFW�PDFKLQH�WR�VWDUW�
���5HJLVWHU�UHQDPLQJ²LQILQLWH�YLUWXDO�UHJLVWHUV�DQG
DOO�:$:�	�:$5�KD]DUGV�DUH�DYRLGHG
���%UDQFK�SUHGLFWLRQ²SHUIHFW��QR�PLVSUHGLFWLRQV
���-XPS�SUHGLFWLRQ²DOO�MXPSV�SHUIHFWO\�SUHGLFWHG� !
PDFKLQH�ZLWK�SHUIHFW�VSHFXODWLRQ�	�DQ�XQERXQGHG
EXIIHU�RI�LQVWUXFWLRQV�DYDLODEOH
���0HPRU\�DGGUHVV�DOLDV�DQDO\VLV²DGGUHVVHV�DUH
NQRZQ�	�D�VWRUH�FDQ�EH�PRYHG�EHIRUH�D�ORDG
SURYLGHG�DGGUHVVHV�QRW�HTXDO

��F\FOH�ODWHQF\�IRU�DOO�LQVWUXFWLRQV��XQOLPLWHG�QXPEHU
RI�LQVWUXFWLRQV�LVVXHG�SHU�FORFN�F\FOH



-'.�)���
6OLGH���

8SSHU�/LPLW�WR�,/3��,GHDO
0DFKLQH

�)LJXUH�������SDJH�����

Programs

0

20

40

60

80

100

120

140

160

gcc espresso li fpppp doducd tomcatv

54.8
62.6

17.9

75.2

118.7

150.1

Integer: 18 - 60

FP: 75 - 150

IP
C

-'.�)���
6OLGH���

Program

0

10

20

30

40

50

60

gcc espresso li fpppp doducd tomcatv

35

41

16

61

58
60

9

12
10

48

15

6
7 6

46

13

45

6 6 7

45

14

45

2 2 2

29

4

19

46

Perfect Selective predictor Standard 2-bit Static None

0RUH�5HDOLVWLF�+:��%UDQFK�,PSDFW
)LJXUH�������3DJH����

&KDQJH�IURP�,QILQLWH
ZLQGRZ�WR�H[DPLQH�WR
�����DQG�PD[LPXP
LVVXH�RI���
LQVWUXFWLRQV�SHU�FORFN
F\FOH

ProfileBHT (512)Pick Cor. or BHTPerfect No prediction

FP: 15 - 45

Integer: 6 - 12

IP
C

-'.�)���
6OLGH���

Program

0

10

20

30

40

50

60

gcc espresso li fpppp doducd tomcatv

11

15

12

29

54

10

15

12

49

16

10

13
12

35

15

44

9
10

11

20

11

28

5 5 6 5 5
7

4 4
5

4
5 5

59

45

Infinite 256 128 64 32 None

0RUH�5HDOLVWLF�+:��5HJLVWHU�,PSDFW
)LJXUH�������3DJH����

&KDQJH�������LQVWU
ZLQGRZ�����LQVWU
LVVXH���.���OHYHO
3UHGLFWLRQ
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