
1

CSE 477 - Autumn 1999 - Interfacing - 1

&RQWUROOLQJ�DQG�UHDFWLQJ�WR�WKH�HQYLURQPHQW

] 7R FRQWURO RU UHDFW WR WKH HQYLURQPHQW ZH QHHG WR

LQWHUIDFH WKH PLFURFRQWUROOHU WR SHULSKHUDO GHYLFHV

] 7KLQJV ZH ZDQW WR PHDVXUH RU FRQWURO
\ OLJKW� WHPSHUDWXUH� VRXQG� SUHVVXUH� YHORFLW\� SRVLWLRQ

] 6HQVRUV DQG DFWXDWRUV

\ VZLWFKHV� SKRWRUHVLVWRUV� SKRWRGLRGHV� SKRWRWUDQVLVWRUV�
FRPSDVV� VRQDU

\ PRWRUV� UHOD\V� /('V� VRQDU

] 6RIWZDUH

] 0LFURFRQWUROOHU

\ H[HFXWHV VRIWZDUH

\ PD\ FRQWDLQ VSHFLDOL]HG LQWHUIDFHV WR VHQVRUV DQG DFWXDWRUV
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7\SLFDO�FRQWURO�V\VWHP

FRQWUROOHU

DFWXDWRUVVHQVRUV

SK\VLFDO
V\VWHP

LQWHUIDFHV
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$QDORJ�WR�GLJLWDO�FRQYHUVLRQ

] 0DS DQDORJ LQSXWV WR D UDQJH RI ELQDU\ YDOXHV
\ ��ELW $�' KDV RXWSXWV LQ UDQJH �����

] :KDW LI ZH QHHG PRUH LQIRUPDWLRQ"

\ OLQHDU YV� ORJDULWKPLF PDSSLQJV

\ ODUJHU UDQJH RI RXWSXWV ����ELW D�G�

� �� ��� ��� ���

� �� ��� ������

� �� ��� ������

DQDORJ

DQDORJ

GLJLWDO
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'LJLWDO�WR�DQDORJ�FRQYHUVLRQ

] 0DS ELQDU\ YDOXHV WR DQDORJ RXWSXWV �YROWDJHV�

] 0RVW GHYLFHV KDYH D GLJLWDO LQWHUIDFH

] 7LPH�YDU\LQJ GLJLWDO VLJQDOV
\ SXOVH�FRGH PRGXODWLRQ �ZLGWK RI SXOVH LV GDWD�

\ SXOVH�ZLGWK PRGXODWLRQ �FUHDWHV DQ DYHUDJH YROWDJH�

\ IUHTXHQF\ PRGXODWLRQ �QXPEHU RI F\FOHV LV GDWD�

9

W

9

W

9

W
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$QWL�ORFN�EUDNH�V\VWHP

] 5HDU ZKHHO FRQWUROOHU�DQWL�ORFN EUDNH V\VWHP
\ QRUPDO RSHUDWLRQ

[ UHJXODWH YHORFLW\ RI UHDU ZKHHO

\ EUDNH SUHVVHG

[ JUDGXDOO\ LQFUHDVH DPRXQW RI EUHDNLQJ

[ LI VNLGGLQJ �IURQW ZKHHO LV PRYLQJ PXFK IDVWHU WKDQ UHDU ZKHHO�
WKHQ WHPSRUDULO\ UHGXFH DPRXQW RI EUHDNLQJ

] ,QSXWV
\ EUDNH SHGDO

\ IURQW ZKHHO

\ UHDU ZKHHO

] 2XWSXWV
\ SXOVH�ZLGWK PRGXODWLRQ UHDU ZKHHO YHORFLW\

\ SXOVH�ZLGWK PRGXODWLRQ EUDNH RQ�RII

CSE 477 - Autumn 1999 - Interfacing - 6

5HDU�ZKHHO�FRQWUROOHU�DQWL�ORFN�EUDNH�V\VWHP

PLFUR

FRQWUROOHU

EUDNH SHGDO SUHVVHG

IURQW ZKHHO YHORFLW\

UHDU ZKHHO YHORFLW\

EUDNH RQ�RII

PRYH UHDU ZKHHO
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%DVLF�,�2�SRUWV��EUDNHV�

] &KHFN LI EUDNH SHGDO SUHVVHG
\ EUDNH3UHVVHG  UHDG �EUDNH3HGDO3RUW�

] 7XUQ EUDNH RQ�RII

\ ZULWH �EUDNH3RUW� RQ2II�

] 0RYH UHDU ZKHHO

\ ZULWH �UHDU:KHHO� RQ2II�

PLFUR

FRQWUROOHU

EUDNH RQ�RII

PRYH UHDU ZKHHO

*3,2
SRUW

EUDNH SHGDO SUHVVHG

IURQW ZKHHO YHORFLW\

UHDU ZKHHO YHORFLW\

*3,2
SRUW
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3ROOLQJ�YV��LQWHUUXSWV

] 6RIWZDUH PXVW UHSHDWHGO\ FKHFN
\ EUDNH SHGDO SRUW

\ KRZ RIWHQ"

\ QHHG WR PDNH VXUH QRW WR IRUJHW WR GR VR �XVH WLPHU�

] 8VH DXWRPDWLF GHWHFWLRQ FDSDELOLW\ RI SURFHVVRU
\ FRQQHFW EUDNH SHGDO WR *3,2 LQSXW FDSWXUH

\ LQWHUUXSW RQ OHYHO FKDQJH

\ UHJLVWHU LQWHUUXSW KDQGOHU IRU EUDNH3HGDO+DQGOHU

\ LQWHUUXSW KDQGOHU

[ LI EUDNH3UHVVHG  WUXH
WKHQ FOHDU LQWHUUXSW IODJ

PLFUR
FRQWUROOHU

*3,2
SRUWEUDNH SHGDO SUHVVHG
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3XOVH�ZLGWK�PRGXODWLRQ

] 3XOVH D GLJLWDO VLJQDO WR JHW DQ DYHUDJH ´DQDORJµ YDOXH

] 7KH ORQJHU WKH SXOVH ZLGWK� WKH KLJKHU WKH YROWDJH

3XOVH�ZLGWK UDWLR  
WRQ

WSHULRG

W

W

W

DYHUDJH
YDOXH

WSHULRG WRQ
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3XOVH�ZLGWK�PRGXODWLRQ�IRU�EUDNHV

] 7R SXPS WKH EUDNHV JUDGXDOO\ LQFUHDVH WKH GXW\�F\FOH
�W

RQ
� XQWLO FDU VWRSV

W

W
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] 8VH WZR WLPHU UHJLVWHUV WR WXUQ EUDNH RQ DQG RII
\ WLPHU� DSSOLHV EUHDN

\ WLPHU� UHOHDVHV EUHDN

\ KRZ GR ZH WHOO ZKLFK LQWHUUXSW LV ZKLFK"

%UDNH�SXPS�VHWXS

W

VWDUW WLPHU UXQQLQJ

VHW WLPHU� WR JR RII KHUH

VHW WLPHU� WR JR RII KHUH �UHVHW WLPHU DQG VHW QHZ YDOXHV�

CSE 477 - Autumn 1999 - Interfacing - 12

6KDIW�HQFRGHUV

] 1HHG WR GHWHUPLQH WKH UHDU ZKHHO YHORFLW\
\ XVH VHQVRU WR GHWHFW ZKHHO PRYLQJ

] 'HWHUPLQH VSHHG RI D ELF\FOH
\ DWWDFK EDVHEDOO FDUG VR LW SRNHV WKURXJK VSRNHV

\ ZH NQRZ QXPEHU RI VSRNHV

\ FRXQW FOLFNV SHU XQLW WLPH WR JHW YHORFLW\

] %DVHEDOO FDUG VHQVRU LV D VKDIW HQFRGHU

ELNH ZKHHO

EDVHEDOO FDUG

FOLFN�
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6KDIW�HQFRGHUV

] ,QVWHDG RI VSRNHV ZH·OO XVH EODFN DQG ZKLWH VHJPHQWV

] %ODFN VHJPHQWV DEVRUE LQIUDUHG OLJKW� ZKLWH UHIOHFWV

] &RXQW SXOVHV LQVWHDG RI FOLFNV

HPLWWHU
GHWHFWRU

ZKHHO

,5
SXOVH
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,5�UHIOHFWLYH�SDWWHUQV

] +RZ PDQ\ VHJPHQWV VKRXOG EH XVHG"
\ PRUH VHJPHQWV JLYH ILQHU UHVROXWLRQ

\ IHZHU VHJPHQWV UHTXLUH OHVV SURFHVVLQJ
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,QWHUIDFLQJ�VKDIW�HQFRGHUV

] 8VH LQWHUUXSW RQ *3,2 SLQ
\ HYHU\ LQWHUUXSW� LQFUHPHQW FRXQWHU

] 8VH WLPHU WR VHW SHULRG IRU FRXQWLQJ
\ ZKHQ WLPHU LQWHUUXSWV� UHDG *3,2 SLQ FRXQWHU

\ YHORFLW\  FRXQWHU 
 GLVWDQFH SHU FOLFN � SHULRG

\ UHVHW FRXQWHU

] 3XOVH DFFXPXODWRU IXQFWLRQ

\ FRPPRQ IXQFWLRQ

\ VRPH PLFURFRQWUROOHUV KDYH WKLV LQ D VLQJOH SHULSKHUDO GHYLFH

CSE 477 - Autumn 1999 - Interfacing - 16

6RQDU�UDQJH�ILQGHU

] 8VHV XOWUD�VRXQG �QRW DXGLEOH� WR PHDVXUH GLVWDQFH

] 7LPH HFKR UHWXUQ

] 6RXQG WUDYHOV DW DSSUR[LPDWHO\ ���P�VHF
\ QHHG ����N+] WLPHU IRU FP UHVROXWLRQ

] 2QH VLPSOH HFKR QRW HQRXJK
\ PDQ\ SRVVLEOH UHIOHFWLRQV

\ ZDQW WR WDNH PXOWLSOH UHDGLQJV IRU KLJK DFFXUDF\
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3RODURLG������VRQDU�UDQJH�ILQGHU

] &RPPRQO\ IRXQG RQ ROG 3RODURLG FDPHUDV� QRZ D
IUHTXHQWO\ XVHG SDUW LQ PRELOH URERWV

] 7UDQVGXFHU �JROG GLVF�
\ FKDUJHG XS WR KLJK YROWDJH

DQG ´VQDSSHGµ

\ GLVF VWD\V VHQWLVL]HG VR LW
FDQ GHWHFW HFKR �DFWV DV
PLFURSKRQH�

] &RQWUROOHU ERDUG

\ KLJK�YROWDJH FLUFXLWU\
WR SUHSDUH GLVF IRU
WUDQVPLWWLQJ DQG WKHQ
UHFHLYLQJ �FDUHIXO ����

CSE 477 - Autumn 1999 - Interfacing - 18

3RODURLG������VRQDU�UDQJH�ILQGHU��FRQW·G�

] :H·OO XVH LW LQ LWV VLPSOHVW PRGH

] 2QO\ QHHG WR FRQQHFW WZR SLQV WR PLFURFRQWUROOHU
\ ,1,7 � VWDUW WUDQVPLWWLQJ

\ (&+2 � UHWXUQ VLJQDO

] 6RPH LPSRUWDQW WLSV
\ ,1,7 UHTXLUHV ODUJH

FXUUHQW �JUHDWHU WKDQ
PLFURFRQWUROOHU FDQ
SURYLGH�

\ (&+2 UHTXLUHV D
SXOO�XS UHVLVWRU
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'LJLWDO�FRPSDVV

] )RXU FRPSDVV GLUHFWLRQV �HDFK KDV WKUHH SLQV�

] 2QH�KRW�WZR�KRW HQFRGLQJ
\ RQH�KRW IRU 1� (� 6� :

\ WZR�KRW IRU 1(� 6(� 6:� 1:

� � �

723

�

�

�

��0Ω

���Ω

�9
��9

LQVLGH�FRPSDVV
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'LJLWDO�FRPSDVV��FRQW·G�

] 'HWHFWLQJ D FKDQJH LQ FRPSDVV GLUHFWLRQ
\ � ELWV FKDQJH IURP ���� WR ���� WR ���� WR ���� WR ���� «

\ DOZD\V DOWHUQDWLQJ EHWZHHQ RQH ELW RQ DQG WZR ELWV RQ

] 3DULW\ WUHH FDQ GHWHFW GLIIHUHQFH EHWZHHQ RQH DQG
WZR ELWV EHLQJ DVVHUWHG
\ ;25 WUHH RI IRXU ELWV �RQH 77/ 66, SDFNDJH�

\ RXWSXW PXVW FKDQJH DW OHDVW RQFH IRU HYHU\ FKDQJH LQ RULHQWDWLRQ

1
(

6
:

H�J�� 1( �! ( �! 6(
���� �! ���� �! ����

� �! � �! �
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,5�SUR[LPLW\�GHWHFWRU

PLFUR

FRQWUROOHU

] 2VFLOODWRU PXVW EH VHW WR PDWFK GHWHFWRU

CSE 477 - Autumn 1999 - Interfacing - 22

,5�IUHTXHQF\�PRGXODWLRQ
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3UR[LPLW\�FRGH

void ir_detect() {

turn on emitter

sleep for 600us // wait at 1667Hz

val_on = read detector // emitter is on

turn off emitter

sleep for 600us // wait at 1667Hz

val_off = read detector // while emitter off

return( val_on & ~val_off );

}

CSE 477 - Autumn 1999 - Interfacing - 24

$QRWKHU�SUR[LPLW\�GHWHFWRU

] 'HWHFWRU GULYHV /(' �JXDUDQWHHG WR PDWFK IUHTXHQF\�
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,�2�SRUWV

] 7KH DUH QHYHU HQRXJK ,�2 SRUWV

] 7HFKQLTXHV IRU FUHDWLQJ PRUH SRUWV
\ SRUW VKDULQJ ZLWK VLPSOH JOXH ORJLF

\ GHFRGHUV�PXOWLSOH[RUV

\ PHPRU\�PDSSHG ,�2

\ SRUW H[SDQVLRQ XQLWV

] 'LUHFWLRQ RI SRUWV LV LPSRUWDQW
\ VLQJOH GLUHFWLRQ SRUW HDVLHU WR LPSOHPHQW

\ WLPLQJ LPSRUWDQW IRU ELGLUHFWLRQDO SRUWV

CSE 477 - Autumn 1999 - Interfacing - 26

3RUW�VKDULQJ

56 5:'% ( 56 5:'% ( 56 5:'% ( 56 5:'% ( 56 5:'% (

] ,I VLJQDOV DOO LQ VDPH GLUHFWLRQ DQG KDYH D VHSDUDWH
JXDUG VLJQDO� WKHQ DEOH WR VKDUH ZLWKRXW JOXH ORJLF

] ([DPSOH� FRQQHFW � /&' GLVSOD\V WR PLFURFRQWUROOHU
\ FDQ VKDUH FRQQHFWLRQV WR 56� 5:� DQG '% EXW QRW (

\ FKDQJHV RQ ( DIIHFW GLVSOD\ ² PXVW JXDUDQWHH RQO\ RQH LV DFWLYDWHG
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)RUFHG�VKDULQJ

] &RQIOLFW RQ GHYLFH VLJQDOV �H�J�� RQH VLJQDO FDQ DIIHFW
ERWK�
\ VROXWLRQ LV WR LQVHUW LQWHUYHQLQJ UHJLVWHUV WKDW NHHS VLJQDOV VWDEOH

\ UHJLVWHUV UHTXLUH HQDEOH VLJQDOV ZKLFK QRZ QHHG SRUWV DV ZHOO

µ
C

device A

device B

µ
C

D
Q

EN

D
Q

EN

device A

device B
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'HFRGHUV�DQG�PXOWLSOH[RUV

] (QFRGH Q VLQJOH�ELW GHYLFH SRUWV XVLQJ ORJ Q ELWV RI
D FRQWUROOHU SRUW
\ HQDEOHG GHFRGHU� RQH�KRW� LQSXW�RQO\ GHYLFH SRUWV

\ UHJLVWHUHG GHFRGHU� LQSXW�RQO\ �EXW QRW RQH�KRW� GHYLFH SRUWV

\ PXOWLSOH[RU� RXWSXW�RQO\ GHYLFH SRUWV

n one-hot 
signals

log(n)
bits

enable

µC

enabled decoder

n  signalsµC log(n)
bits

enable

D
Q

EN

n register
select lines

registered decoder

µC

log(n)
select bits

n  signalsdata

multiplexor
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0HPRU\�PDSSHG�,�2

] $GGUHVV EXV VHOHFWV GHYLFH

] 'DWD EXV FRQWDLQV GDWD

DGGU

GDWD

 

'HYLFH DGGU

�(

'D 'E

ODWFK
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0HPRU\�PDSSHG�,�2

] 3DUWLWLRQ WKH DGGUHVV VSDFH

] $VVLJQ PHPRU\�PDSSHG ORFDWLRQV

] 6RIWZDUH
\ ORDGV UHDG IURP WKH GHYLFH

\ VWRUHV ZULWH WR WKH GHYLFH

] &DQ H[SORLW XQXVHG ELWV IRU GHYLFH LQSXW�RQO\ SRUWV

GHYLFH�VHOHFW FDQ�EH�XVHG�DV�LQSXWV

OVEPVE

DGGUHVV
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3RUW�H[SDQVLRQ�XQLWV

] 3UREOHP RI SRUW VKRUWDJH VR FRPPRQ SRUW H[SDQVLRQ
FKLSV H[LVW

] (DVLO\ FRQQHFW WR WKH PLFURSURFHVVRU

] 7LPLQJ RQ SRUWV PD\ EH VOLJKWO\ GLIIHUHQW

] 0D\ QRW VXSSRUW LQWHUUXSWV

X& SRUW

H[SDQVLRQ

GDWD

FWUO

QHZ3RUW�

QHZ3RUW�

QHZ3RUW�
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$XWRPDWLFDOO\�FRQQHFWLQJ�SHULSKHUDOV

] ([SORLW VSHFLDOL]HG IXQFWLRQV �H�J�� 8$57� WLPHUV�

] $WWHPSW WR FRQQHFW GLUHFWO\ WR D GHYLFH SRUW ZLWKRXW DGGLQJ
LQWHUIDFH KDUGZDUH �H�J�� UHJLVWHUV�� WU\ WR VKDUH UHJLVWHUV LI
SRVVLEOH EXW EHZDUH RI XQZDQWHG LQWHUDFWLRQV LI D VLJQDO JRHV WR
PRUH WKDQ RQH GHYLFH

] ,I RXW RI SRUWV� PXVW IRUFH VKDULQJ E\ DGGLQJ KDUGZDUH WR PDNH
D GHGLFDWHG SRUW VKDUDEOH �H�J�� DGGLQJ UHJLVWHUV DQG HQDEOH
VLJQDOV IRU WKH UHJLVWHUV�

] ,I VWLOO UXQ RXW RI SRUWV� WKHQ PRVW HQFRGH VLJQDOV WR LQFUHDVH
EDQGZLGWK �H�J�� XVH GHFRGHUV�

] ,I DOO HOVH IDLOV� WKHQ EDFNXS SRVLWLRQ LV PHPRU\�PDSSHG ,�2� L�H��
ZKDW ZH ZRXOG KDYH GRQH LI ZH KDG D EDUH PLFURSURFHVVRU



17

CSE 477 - Autumn 1999 - Interfacing - 33

���ELW�,�2�SRUW

] 6XSSRVH ZH ZDQWHG D ���ELW ,�2 SRUW

] ,I (1 LV WUXH� WKHQ ZH KDYH DQ RXWSXW SLQ

] ,I (1 LV IDOVH� WKHQ ZH KDYH DQ LQSXW SLQ

CSE 477 - Autumn 1999 - Interfacing - 34

���ELW�,�2�SRUW�VRIWZDUH

] :H QHHG � ��ELW UHJLVWHUV WR VWRUH�ZULWH WKH �� ELWV
\ 6HOHFW WKH (1 DGGUHVVHV WR EH ������� WR �������

\ 6HOHFW 287 DGGUHVVHV WR EH ������� WR �������

] 5HDG ��WK ELW

\ ORDG YDOXH DW DGGUHVV ������� ��QG VHW RI 287 UHJV�

\ ORJLFDO $1' ZLWK �[��

\ ELW SRVLWLRQ � RI UHVXOW LV ��WK ELW

] :ULWH WKH ��WK ELW

\ UHDG 287 UHJLVWHU DW �������

\ VHW ELW SRVLWLRQ � WR GHVLUHG YDOXH � RU ZLWK �[���

\ VWRUH LQ �������

\ ORDG (1 UHJLVWHU DW �������

\ VHW ELW WR RXWSXW

\ VWRUH YDOXH EDFN WR �������
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([WHUQDO�3:0�8QLW

] 'HVLJQ D V\VWHP WR FRQWURO PDQ\ GLJLWDO PRWRUV

] 6ROXWLRQ� GHVLJQ D 3:0 XQLW

CSE 477 - Autumn 1999 - Interfacing - 36

LI �RQ2II   2))�
QH[W6WDWH  0RWRU/RZ

HOVH LI �KLJK7LPH ([SLUHG�

QH[W6WDWH  0RWRU/RZ
HOVH LI �KLJK7LPH 127 ([SLUHG�

QH[W6WDWH  0RWRU+LJK

LI �RQ2II   2))�
QH[W6WDWH  0RWRU/RZ
UHVHW FRXQWHU

HOVH LI �SHULRG 127 ([SLUHG�
QH[W6WDWH  0RWRU/RZ

HOVH LI �SHULRG ([SLUHG�

QH[W6WDWH  0RWRU+LJK
UHVHW FRXQWHU

0RWRU�+LJK�6WDWH0RWRU�/RZ�6WDWH

([WHUQDO�3:0�)60�&RQWUROOHU
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([WHUQDO�3:0�VRIWZDUH

// in initialization code
Write off to onOff register

// do some stuff

// set up PWM
Repeat for each motor

Write highTime and period registers

// turn motors on
Repeat for each motor

Write on to the onOFF register

// more stuff

CSE 477 - Autumn 1999 - Interfacing - 38

$QDORJ�WR�GLJLWDO�FRQYHUVLRQ

] 8VH FKDUJH�UHGLVWULEXWLRQ WHFKQLTXH
\ QR VDPSOH DQG KROG FLUFXLWU\ QHHGHG

\ HYHQ ZLWK SHUIHFW FLUFXLWV TXDQWL]DWLRQ HUURU RFFXUV

] %DVLF FDSDFLWRUV
\ VXP SDUDOOHO FDSDFLWDQFH

& & �& & �& �&

& �& �&



20

CSE 477 - Autumn 1999 - Interfacing - 39

$QDORJ�WR�GLJLWDO�FRQYHUVLRQ

] 7ZR UHIHUHQFH YROWDJH
\ PDUN ERWWRP DQG WRS HQG RI UDQJH RI DQDORJ YDOXHV WKDW FDQ EH

FRQYHUWHG � 9
/
DQG 9

+
�

\ YROWDJH WR FRQYHUW PXVW EH ZLWKLQ WKHVH ERXQGV � 9
;

�

] 6XFFHVVLYH DSSUR[LPDWLRQ
\ PRVW DSSURDFKHV WR $�' FRQYHUVLRQ DUH EDVHG RQ WKLV

\ � WR �� ELWV RI DFFXUDF\

] $SSURDFK
\ VDPSOH YDOXH

\ KROG LW VR LW GRHVQ·W FKDQJH

\ VXFFHVVLYHO\ DSSUR[LPDWH

\ UHSRUW FORVHVW PDWFK

9;

9/

9+

CSE 477 - Autumn 1999 - Interfacing - 40

$�'���VDPSOH

] 'XULQJ WKH VDPSOH WLPH WKH WRS SODWH RI DOO FDSV
VZLWFKHG WR UHIHUHQFH ORZ 9/

] %RWWRP SODWH VHW WR XQNQRZQ DQDORJ LQSXW 9;

] 4  &9

] 46  �� �9; � 9/�

9;

9/

9+

�

�

9,

9/

9;

� � � � �9/
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$�'���KROG

] +ROG VWDWH XVLQJ ORJLFDOO\ FRQWUROOHG DQDORJ VZLWFKHV
\ 7RS SODWHV GLVFRQQHFWHG IURP 9

/

\ %RWWRP SODWHV VZLWFKHG IURP 9
;
WR 9

/

] 4+  �� �9/ � 9,�
\ FRQVHUYDWLRQ RI FKDUJH 4

6
 4

+

\ �� �9
;
� 9

/
�  �� �9

/
� 9

,
�

\ 9
;
� 9

/
 9

/
� 9

,
�RXWSXW RI RS�DPS�

9;

9/

9+

�

�

9,

9/

� � � � �

9/

CSE 477 - Autumn 1999 - Interfacing - 42

$�'���VXFFHVVLYH�DSSUR[LPDWLRQ

] (DFK FDSDFLWRU VXFFHVVLYHO\ VZLWFKHG IURP 9/ WR 9+
\ /DUJHVW FDSDFLWRU FRUUHVSRQGV WR 06%

] 2XWSXW RI FRPSDUDWRU GHWHUPLQHV ERWWRP SODWH
YROWDJH RI FDS
\ ! � � UHPDLQ FRQQHFWHG WR 9

+

\ � � � UHWXUQ WR 9
/

�

�

9,

9/

� � � � �

9/

9+

06% /6%

���� ����
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�$�'�H[DPSOH���06%

] 6XSSRVH 9;  ����� �9+ � 9/ � DQG DOUHDG\ VDPSOHG
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