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/HFWXUH����&RQWURO�IORZ�
LQWHUUXSWV�DQG�H[FHSWLRQV

3URI��-RKQ�.XELDWRZLF]
&RPSXWHU�6FLHQFH����

)DOO�����
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&KDQJHV�LQ�WKH�IORZ�RI�LQVWUXFWLRQV
PDNH�SLSHOLQLQJ�GLIILFXOW

� 0XVW�DYRLG�DGGLQJ�WRR�PXFK�RYHUKHDG�LQ�SLSHOLQH
VWDUWXS�DQG�GUDLQ�

� %UDQFKHV�DQG�-XPSV�FDXVH�IDVW�DOWHUDWLRQ�RI�3&�
7KLQJV�WKDW�JHW�LQ�WKH�ZD\�
² ,QVWUXFWLRQV�WDNH�WLPH�WR�GHFRGH��LQWURGXFLQJ�GHOD\�VORWV�
² 7KH�QH[W�3&�WDNHV�WLPH�WR�FRPSXWH
² )RU�FRQGLWLRQDO�EUDQFKHV��WKH�EUDQFK�GLUHFWLRQ�WDNHV�WLPH�WR
FRPSXWH�

� ,QWHUUXSWV�DQG�([FHSWLRQV�DOVR�FDXVH�SUREOHPV
² 0XVW�PDNH�GHFLVLRQV�DERXW�ZKHQ�WR�LQWHUUXSW�IORZ�RI�LQVWUXFWLRQV
² 0XVW�SUHVHUYH�VXIILFLHQW�SLSHOLQH�VWDWH�WR�UHVXPH�H[HFXWLRQ
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-XPSV�DQG�&DOOV��-$/�
�XQFRQGLWLRQDO�EUDQFKHV�

� (YHQ�WKRXJK�ZH�NQRZ�WKDW�ZH�ZLOO�FKDQJH�3&��VWLOO
UHTXLUH�GHOD\�VORW�EHFDXVH�RI�
² ,QVWUXFWLRQ�'HFRGH����3UHWW\�KDUG�DQG�IDVW
² 3&�&RPSXWDWLRQ����&RXOG�IL[�ZLWK�DEVROXWH�MXPSV�FDOOV��QRW
QHFHVVDULO\�D�JRRG�VROXWLRQ�

� %DVLFDOO\��WKHUH�LV�D�GHFLVLRQ�EHLQJ�PDGH��ZKLFK
WDNHV�WLPH�

� 7KLV�VXJJHVWV�VLQJOH�GHOD\�VORW�
² ,�H��QH[W�LQVWUXFWLRQ�DIWHU�MXPS�RU�-$/�LV�DOZD\V�H[HFXWHG
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0HPRU\
$FFHVV

:ULWH
%DFN

,QVWUXFWLRQ
)HWFK

,QVWU��'HFRGH
5HJ��)HWFK

([HFXWH
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$FKLHYLQJ�´]HUR�F\FOHµ�MXPS
� +RZHYHU��ZKDW�UHDOO\�KDV�WR�EH�GRQH�DW�UXQWLPH"

² 2QFH�DQ�LQVWUXFWLRQ�KDV�EHHQ�GHWHFWHG�DV�D�MXPS�RU�-$/��ZH
PLJKW�UHFRGH�LW�LQ�WKH�LQWHUQDO�FDFKH�

² 9HU\�OLPLWHG�IRUP�RI�G\QDPLF�FRPSLODWLRQ"

� 8VH�RI�´3UH�GHFRGHGµ�LQVWUXFWLRQ�FDFKH
² &DOOHG�´EUDQFK�IROGLQJµ�LQ�WKH�%HOO�/DEV�&5,63�SURFHVVRU�
² 2ULJLQDO�&5,63�FDFKH�KDG�WZR�DGGUHVVHV�DQG�FRXOG�WKXV�IROG�D
FRPSOHWH�EUDQFK�LQWR�WKH�SUHYLRXV�LQVWUXFWLRQ

² 1RWLFH�WKDW�-$/�LQWURGXFHV�D�VWUXFWXUDO�KD]DUG�RQ�ZULWH

and r3,r1,r5
addi r2,r3,#4
sub r4,r2,r1
jal doit
subi   r1,r1,#1

$�

sub r4,r2,r1 doit

addi r2,r3,#4 A+81

sub r4,r2,r1 /

--- ---��

and r3,r1,r5 A+41

subi r1,r1,#1 A+201

,QWHUQDO�&DFKH�VWDWH�
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�,QWURGXFHV�VWUXFWXUDO�KD]DUG�RQ�ZULWH�IRU�-$/��KRZHYHU
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:K\�QRW�GR�WKLV�IRU�EUDQFKHV"
�RULJLQDO�&5,63�LGHD��DSSOLHG�WR�'/;�

,QWHUQDO�&DFKH�VWDWH�

and r3,r1,r5
addi r2,r3,#4
sub r4,r2,r1
bne r4,loop
subi  r1,r1,#1

$�

sub r4,r2,r1

addi r2,r3,#4

sub r4,r2,r1

---

and r3,r1,r5

subi r1,r1,#1

1

%Q5�

��

1

1

A+16

A+8

---

A+4

A+20

N/A

loop

---

N/A

N/A

1H[W %UDQFK

$����

� 'HOD\�VORW�HOLPLQDWHG��JRRG�
� %UDQFK�KDV�EHHQ�´IROGHGµ�LQWR�VXE�LQVWUXFWLRQ��JRRG��
� ,QFUHDVHV�VL]H�RI�LQVWUXFWLRQ�FDFKH��QRW�VR�JRRG�
� 5HTXLUHV�DQRWKHU�UHDG�SRUW�LQ�UHJLVWHU�ILOH��%$'�
� 3RWHQWLDOO\�GRXEOHV�FORFN�SHULRG��5HDOO\�%$'� -'.�)���
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:D\�RI�ORRNLQJ�DW�WLPLQJ�

,QVWUXFWLRQ�&DFKH
$FFHVV

%UDQFK�5HJLVWHU
/RRNXS

0X[

5HJLVWHU�ILOH�DFFHVV�WLPH�PLJKW�EH�FORVH�
WR�RULJLQDO�FORFN�SHULRG

&ORFN�

5HDG\�WR�ODWFK�QHZ�3&

%HJLQQLQJ�RI�,)HWFK
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+RZHYHU��RQH�FRXOG�XVH�WKH�ILUVW
WHFKQLTXH�WR�UHIOHFW�35(',&7,216

DQG�UHPRYH�GHOD\�VORWV

� 7KLV�FDXVHV�WKH�QH[W�LQVWUXFWLRQ�WR�EH�LPPHGLDWHO\
IHWFKHG�IURP�EUDQFK�GHVWLQDWLRQ��SUHGLFW�WDNHQ�

� ,I�EUDQFK�HQGV�XS�EHLQJ�QRW�WDNLQJ��WKHQ�VTXDVK
GHVWLQDWLRQ�LQVWUXFWLRQ�DQG�UHVWDUW�SLSHOLQH�DW
DGGUHVV�$���

,QWHUQDO�&DFKH�VWDWH�

and r3,r1,r5
addi r2,r3,#4
sub r4,r2,r1
bne r4,loop
subi  r1,r1,#1

$�

sub r4,r2,r1

addi r2,r3,#4

sub r4,r2,r1

bne loop

and r3,r1,r5

subi r1,r1,#1

1

1

1

1

1

A+12

A+8

loop

A+4

A+20

1H[W

$����
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%RRN�WDONV�DERXW�5����
�WDNHQ�IURP�SDJH�����

� 2Q�D�WDNHQ�EUDQFK��WKHUH�LV�D�RQH�F\FOH�GHOD\
VORW��IROORZHG�E\�WZR�ORVW�F\FOHV��QXOOLILHG�LQVWV��

� 2Q�D�QRQ�WDNHQ�EUDQFK��WKHUH�LV�VLPSO\�D�GHOD\
VORW��IROORZLQJ�WZR�F\FOHV�QRW�ORVW��

� 7KLV�LV�EDG�IRU�ORRSV���:H�FRXOG�UHYHUVH�WKLV
EHKDYLRU�ZLWK�RXU�SUH�GHFRGHG�FDFKH�WHFKQLTXH�

&ORFN�1XPEHU

,QVWUXFWLRQ � � � � � � � � �

%UDQFK�LQVW ,) ,6 5) (; ') '6 7& :%

'HOD\�6ORW ,) ,6 5) (; ') '6 7& :%

%UDQFK�,QVW�� ,) ,6 QXOO QXOO QXOO QXOO QXOO

%UDQFK�,QVW��� ,) QXOO QXOO QXOO QXOO QXOO

%UDQFK�7DUJ ,) ,6 5) (; ')
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([FHSWLRQV�DQG�,QWHUUXSWV

�+DUGZDUH�
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([DPSOH��'HYLFH�,QWHUUXSW
�6D\��DUULYDO�RI�QHWZRUN�PHVVDJH�

…
add r1,r2,r3
subi r4,r1,#4
slli r4,r4,#2

Hiccup(!)

lw r2,0(r4)

lw r3,4(r4)
add r2,r2,r3
sw 8(r4),r2

…

Raise priority
Reenable All Ints
Save registers

…
lw r1,20(r0)
lw r2,0(r1)
addi  r3,r0,#5
sw    0(r1),r3

…
Restore registers
Clear current Int
Disable All Ints
Restore priority
RTE
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Disable Network Intr
…

subi r4,r1,#4
slli r4,r4,#2
lw r2,0(r4)
lw r3,4(r4)
add r2,r2,r3
sw 8(r4),r2
lw r1,12(r0)
beq r1,no_mess
lw r1,20(r0)
lw r2,0(r1)
addi  r3,r0,#5
sw    0(r1),r3
Clear Network Intr

…

$OWHUQDWLYH��3ROOLQJ
�DJDLQ��IRU�DUULYDO�RI�QHWZRUN�PHVVDJH�
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no_mess:

3ROOLQJ�3RLQW
�FKHFN�GHYLFH�UHJLVWHU�
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3ROOLQJ�LV�IDVWHU�VORZHU�WKDQ
,QWHUUXSWV�

� 3ROOLQJ�LV�IDVWHU�WKDQ�LQWHUUXSWV�EHFDXVH
² &RPSLOHU�NQRZV�ZKLFK�UHJLVWHUV�LQ�XVH�DW�SROOLQJ�SRLQW���+HQFH��GR�QRW
QHHG�WR�VDYH�DQG�UHVWRUH�UHJLVWHUV��RU�QRW�DV�PDQ\��

² 2WKHU�LQWHUUXSW�RYHUKHDG�DYRLGHG��SLSHOLQH�IOXVK��WUDS�SULRULWLHV��HWF��

� 3ROOLQJ�LV�VORZHU�WKDQ�LQWHUUXSWV�EHFDXVH
² 2YHUKHDG�RI�SROOLQJ�LQVWUXFWLRQV�LV�LQFXUUHG�UHJDUGOHVV�RI�ZKHWKHU�RU
QRW�KDQGOHU�LV�UXQ���7KLV�FRXOG�DGG�WR�LQQHU�ORRS�GHOD\�

² 'HYLFH�PD\�KDYH�WR�ZDLW�IRU�VHUYLFH�IRU�D�ORQJ�WLPH�

� :KHQ�WR�XVH�RQH�RU�WKH�RWKHU"
² 0XOWL�D[LV�WUDGHRII

ª )UHTXHQW�UHJXODU�HYHQWV�JRRG�IRU�SROOLQJ��DV�ORQJ�DV�GHYLFH�FDQ�EH
FRQWUROOHG�DW�XVHU�OHYHO�

ª ,QWHUUXSWV�JRRG�IRU�LQIUHTXHQW�LUUHJXODU�HYHQWV
ª ,QWHUUXSWV�JRRG�IRU�HQVXULQJ�UHJXODU�SUHGLFWDEOH�VHUYLFH�RI�HYHQWV�
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([FHSWLRQ�,QWHUUXSW
FODVVLILFDWLRQV

� ([FHSWLRQV��UHOHYDQW�WR�WKH�FXUUHQW�SURFHVV
² )DXOWV��DULWKPHWLF�WUDSV��DQG�V\QFKURQRXV�WUDSV
² ,QYRNH�VRIWZDUH�RQ�EHKDOI�RI�WKH�FXUUHQWO\�H[HFXWLQJ�SURFHVV

� ,QWHUUXSWV��FDXVHG�E\�DV\QFKURQRXV��RXWVLGH�HYHQWV
² ,�2�GHYLFHV�UHTXLULQJ�VHUYLFH��',6.��QHWZRUN�
² &ORFN�LQWHUUXSWV��UHDO�WLPH�VFKHGXOLQJ�

� 0DFKLQH�&KHFNV��FDXVHG�E\�VHULRXV�KDUGZDUH�IDLOXUH
² 1RW�DOZD\V�UHVWDUWDEOH
² ,QGLFDWH�WKDW�EDG�WKLQJV�KDYH�KDSSHQHG�

ª 1RQ�UHFRYHUDEOH�(&&�HUURU
ª 0DFKLQH�URRP�ILUH
ª 3RZHU�RXWDJH
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$�UHODWHG�FODVVLILFDWLRQ�
6\QFKURQRXV�YV��$V\QFKURQRXV

� 6\QFKURQRXV��PHDQV�UHODWHG�WR�WKH�LQVWUXFWLRQ
VWUHDP��L�H��GXULQJ�WKH�H[HFXWLRQ�RI�DQ�LQVWUXFWLRQ
² 0XVW�VWRS�DQ�LQVWUXFWLRQ�WKDW�LV�FXUUHQWO\�H[HFXWLQJ
² 3DJH�IDXOW�RQ�ORDG�RU�VWRUH�LQVWUXFWLRQ
² $ULWKPHWLF�H[FHSWLRQ
² 6RIWZDUH�7UDS�,QVWUXFWLRQV

� $V\QFKURQRXV��PHDQV�XQUHODWHG�WR�WKH�LQVWUXFWLRQ
VWUHDP��L�H��FDXVHG�E\�DQ�RXWVLGH�HYHQW�
² 'RHV�QRW�KDYH�WR�GLVUXSW�LQVWUXFWLRQV�WKDW�DUH�DOUHDG\�H[HFXWLQJ
² ,QWHUUXSWV�DUH�DV\QFKURQRXV
² 0DFKLQH�FKHFNV�DUH�DV\QFKURQRXV

� 6HPL6\QFKURQRXV��RU�KLJK�DYDLODELOLW\�LQWHUUXSWV��
² &DXVHG�E\�H[WHUQDO�HYHQW�EXW�PD\�KDYH�WR�GLVUXSW�FXUUHQW
LQVWUXFWLRQV�LQ�RUGHU�WR�JXDUDQWHH�VHUYLFH -'.�)���

6OLGH���

,QWHUUXSW�FRQWUROOHU�KDUGZDUH
DQG�PDVN�OHYHOV

� ,QWHUUXSW�GLVDEOH�PDVN�PD\�EH�PXOWL�ELW�ZRUG
DFFHVVHG�WKURXJK�VRPH�VSHFLDO�PHPRU\�DGGUHVV

� 2SHUDWLQJ�V\VWHP�FRQVWUXFWV�D�KLHUDUFK\�RI�PDVNV
WKDW�UHIOHFWV�VRPH�IRUP�RI�LQWHUUXSW�SULRULW\�

� )RU�LQVWDQFH�

² 7KLV�UHIOHFWV�WKH�DQ�RUGHU�RI�XUJHQF\�WR�LQWHUUXSWV
² )RU�LQVWDQFH��WKLV�RUGHULQJ�VD\V�WKDW�GLVN�HYHQWV�FDQ�LQWHUUXSW
WKH�LQWHUUXSW�KDQGOHUV�IRU�QHWZRUN�LQWHUUXSWV�

3ULRULW\ ([DPSOHV
� 6RIWZDUH�LQWHUUXSWV
� 1HWZRUN�,QWHUUXSWV
� 6RXQG�FDUG
� 'LVN�,QWHUUXSW
� 5HDO�7LPH�FORFN

-'.�)���
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5HFDS��'HYLFH�,QWHUUXSW
�6D\��DUULYDO�RI�QHWZRUN�PHVVDJH�

…
add r1,r2,r3
subi r4,r1,#4
slli r4,r4,#2

Hiccup(!)

lw r2,0(r4)

lw r3,4(r4)
add r2,r2,r3
sw 8(r4),r2

…

Raise priority
Reenable All Ints
Save registers

…
lw r1,20(r0)
lw r2,0(r1)
addi  r3,r0,#5
sw    0(r1),r3

…
Restore registers
Clear current Int
Disable All Ints
Restore priority
RTE
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&RXOG�EH�LQWHUUXSWHG�E\�GLVN

1RWH�WKDW�SULRULW\�PXVW�EH�UDLVHG�WR�DYRLG�UHFXUVLYH�LQWHUUXSWV�
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63$5&��DQG�5,6&�,��KDG
UHJLVWHU�ZLQGRZV

� 2Q�LQWHUUXSW�RU�SURFHGXUH�FDOO��VLPSO\�VZLWFK�WR�D
GLIIHUHQW�VHW�RI�UHJLVWHUV

� 5HDOO\�VDYHV�RQ�LQWHUUXSW�RYHUKHDG
² ,QWHUUXSWV�FDQ�KDSSHQ�DW�DQ\�SRLQW�LQ�WKH�H[HFXWLRQ��VR�FRPSLOHU
FDQQRW�KHOS�ZLWK�NQRZOHGJH�RI�OLYH�UHJLVWHUV�

² &RQVHUYDWLYH�KDQGOHUV�PXVW�VDYH�DOO�UHJLVWHUV
² 6KRUW�KDQGOHUV�PLJKW�EH�DEOH�WR�VDYH�RQO\�D�IHZ��EXW�WKLV
DQDO\VLV�LV�FRPSLOFDWHG

� 1RW�DV�ELJ�D�GHDO�ZLWK�SURFHGXUH�FDOOV
² 2ULJLQDO�VWDWHPHQW�E\�3DWWHUVRQ�ZDV�WKDW�%HUNHOH\�GLGQ·W�KDYH�D
FRPSLOHU�WHDP��VR�WKH\�XVHG�D�KDUGZDUH�VROXWLRQ

² *RRG�FRPSLOHUV�FDQ�DOORFDWH�UHJLVWHUV�DFURVV�SURFHGXUH
ERXQGDULHV

² *RRG�FRPSLOHUV�NQRZ�ZKDW�UHJLVWHUV�DUH�OLYH�DW�DQ\�RQH�WLPH
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3UHFLVH�,QWHUUXSWV�([FHSWLRQV
� $Q�LQWHUUXSW�RU�H[FHSWLRQ�LV�FRQVLGHUHG�SUHFLVH�LI
WKHUH�LV�D�VLQJOH�LQVWUXFWLRQ��RU�LQWHUUXSW�SRLQW��IRU
ZKLFK�DOO�LQVWUXFWLRQV�EHIRUH�WKDW�LQVWUXFWLRQ�KDYH
FRPPLWWHG�WKHLU�VWDWH�DQG�QR�IROORZLQJ�LQVWUXFWLRQV
LQFOXGLQJ�WKH�LQWHUUXSWLQJ�LQVWUXFWLRQ�KDYH�PRGLILHG
DQ\�VWDWH�
² 7KLV�PHDQV��HIIHFWLYHO\��WKDW�\RX�FDQ�UHVWDUW�H[HFXWLRQ�DW�WKH
LQWHUUXSW�SRLQW�DQG�´JHW�WKH�ULJKW�DQVZHUµ

² ,PSOLFLW�LQ�RXU�SUHYLRXV�H[DPSOH�RI�D�GHYLFH�LQWHUUXSW�
ª ,QWHUUXSW�SRLQW�LV�DW�ILUVW�OZ�LQVWUXFWLRQ

…
add r1,r2,r3
subi r4,r1,#4
slli r4,r4,#2

lw r2,0(r4)

lw r3,4(r4)
add r2,r2,r3
sw 8(r4),r2

…
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3UHFLVH�LQWHUUXSW�SRLQW�UHTXLUHV
PXOWLSOH�3&V�WR�GHVFULEH�LQ

SUHVHQFH�RI�GHOD\HG�EUDQFKHV
addi r4,r3,#4
sub r1,r2,r3
bne r1,there
and r2,r3,r5
<other insts> 

addi r4,r3,#4
sub r1,r2,r3
bne r1,there
and r2,r3,r5
<other insts> 

3&�
3&���

,QWHUUXSW�SRLQW�GHVFULEHG�DV��3&�3&��!

,QWHUUXSW�SRLQW�GHVFULEHG�DV�
�

�3&���WKHUH!��EUDQFK�ZDV�WDNHQ�
RU

�3&���3&��!��EUDQFK�ZDV�QRW�WDNHQ�

3&�
3&���
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:K\�DUH�SUHFLVH�LQWHUUXSWV
GHVLUDEOH"

� 6LPSOLI\�WKH�WDVN�RI�WKH�RSHUDWLQJ�V\VWHP�D�ORW
² 4XLFN�WR�JHW�UHVWDUW�SRLQW��PDNLQJ�IRU�IDVW�LQWHUUXSWV�
² 6PDOO�DPRXQW�RI�VWDWH�QHHGV�WR�EH�VDYHG�DZD\�LI�XQORDGLQJ
SURFHVV�

� 0DQ\�W\SHV�RI�LQWHUUXSWV�H[FHSWLRQV�QHHG�WR�EH
UHVWDUWDEOH�
² ,�H��7/%�IDXOWV�,(((�JUDGXDO�XQGHUIORZ��HWF�
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$SSUR[LPDWLRQV�WR�SUHFLVH�LQWHUUXSWV
� +DUGZDUH�KDV�LPSUHFLVH�VWDWH�DW�WLPH�RI�LQWHUUXSW
� ([FHSWLRQ�KDQGOHU�PXVW�ILJXUH�RXW�KRZ�WR�ILQG�D
SUHFLVH�3&�DW�ZKLFK�WR�UHVWDUW�SURJUDP�
² 'RQH�E\�HPXODWLQJ�LQVWUXFWLRQV�WKDW�PD\�UHPDLQ�LQ�SLSHOLQH
² ([DPSOH��63$5&�DOORZV�OLPLWHG�SDUDOOHOLVP�EHWZHHQ�)3�DQG�LQWHJHU
FRUH�
ª SRVVLEOH�WKDW�LQWHJHU�LQVWUXFWLRQV��������
KDYH�DOUHDG\�H[HFXWHG�DW�WLPH�WKDW
WKH�ILUVW�IORDWLQJ�LQVWUXFWLRQ�JHWV�D
UHFRYHUDEOH�H[FHSWLRQ

ª ,QWHUUXSW�KDQGOHU�FRGH�PXVW�IL[XS��IORDW��!�
WKHQ�HPXODWH�ERWK��IORDW��!�DQG��IORDW��!

ª $W�WKDW�SRLQW��SUHFLVH�LQWHUUXSW�SRLQW�LV
LQWHJHU�LQVWUXFWLRQ���

� 9D[�KDG�VWULQJ�PRYH�LQVWUXFWLRQV�WKDW�FRXOG�EH�LQ
PLGGOH�DW�WLPH�WKDW�SDJH�IDXOW�RFFXUUHG�

� &RXOG�EH�DUELWUDU\�SURFHVVRU�VWDWH�WKDW�QHHGV�WR�EH
UHVWRUHG�WR�UHVWDUW�H[HFXWLRQ�

<float 1>
<int 1>
<int 2>
<int 3>
<float 2>
<int 4>
<int 5>
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+RZ�WR�DFKLHYH�SUHFLVH�LQWHUUXSWV
�,Q�&ODVV�GLVFXVVLRQ�RI�-LP�6PLWK·V�SDSHU�

� ,Q�RUGHU�LQVWUXFWLRQ�LVVXH
� 6HYHUDO�PHWKRGV�RI�JHWWLQJ�VHTXHQWLDO�VWDWH�

² LQ�RUGHU�LQVWUXFWLRQ�FRPSOHWLRQ
² 5HRUGHU�EXIIHU
² +LVWRU\�EXIIHU
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6XPPDU\

� &KDQJHV�LQ�FRQWURO�IORZ�FDXVH�WKH�PRVW�WURXEOH
ZLWK�SLSHOLQLQJ

� 6RPH�SUH�GHFRGH�WHFKQLTXHV�FDQ�WUDQVIRUP
G\QDPLF�GHFLVLRQV�LQWR�VWDWLF�RQHV��9/,:�OLNH�

� ,QWHUUXSWV�DQG�([FHSWLRQV�HLWKHU�LQWHUUXSW�WKH
FXUUHQW�LQVWUXFWLRQ�RU�KDSSHQ�EHWZHHQ�LQVWUXFWLRQV

� 0DFKLQHV�ZLWK�SUHFLVH�H[FHSWLRQV�SURYLGH�RQH�VLQJOH
SRLQW�LQ�WKH�SURJUDP�WR�UHVWDUW�H[HFXWLRQ
² $OO�LQVWUXFWLRQV�EHIRUH�WKDW�SRLQW�KDYH�FRPSOHWHG
² 1R�LQVWUXFWLRQV�DIWHU�RU�LQFOXGLQJ�WKDW�SRLQW�KDYH�FRPSOHWHG

� +DUGZDUH�WHFKQLTXHV�H[LVW�IRU�SUHFLVH�LQWHUUXSWV
HYHQ�LQ�WKH�IDFH�RI�RXW�RI�RUGHU�H[HFXWLRQO


