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&RPSXWDWLRQDO�KDUGZDUH

] 'LJLWDO ORJLF �&6(����
\ JDWHV DQG IOLS�IORSV� JOXH ORJLF� VLPSOH )60V� UHJLVWHUV

] 3URJUDPPDEOH ORJLF GHYLFHV �&6(���� &6(����
\ WZR�OHYHO 3/'V� )60V� PX[HV� GHFRGHUV

\ ILHOG�SURJUDPPDEOH JDWH DUUD\V� )60V� EDVLF GDWD�SDWKV

] 0LFURSURFHVVRUV �&6(����
\ JHQHUDO�SXUSRVH FRPSXWHU

\ LQVWUXFWLRQV FDQ LPSOHPHQW FRPSOH[ FRQWURO VWUXFWXUHV

\ VXSSRUWV FRPSXWDWLRQV�PDQLSXODWLRQV RI GDWD LQ PHPRU\
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0LFURSURFHVVRUV

] $UELWUDU\ FRPSXWDWLRQV
\ DUELWUDU\ FRQWURO VWUXFWXUHV

\ DUELWUDU\ GDWD VWUXFWXUHV

\ VSHFLI\ IXQFWLRQ DW KLJK�OHYHO DQG H[SORLW FRPSLOHUV DQG GHEXJJHUV

] 7R VDYH KDUGZDUH

\ LI IXQFWLRQ UHTXLUHV WRR PXFK ORJLF ZKHQ LPSOHPHQWHG ZLWK JDWHV�))V

[ RSHUDWLRQV DUH WRR FRPSOH[� EHWWHU EURNHQ GRZQ DV LQVWUXFWLRQV

[ ORWV RI GDWD PDQLSXODWLRQ �PHPRU\�

\ LI IXQFWLRQ GRHV QRW UHTXLUH KLJKHU SHUIRUPDQFH RI FXVWRPL]HG ORJLF

[ HYHU�LQFUHDVLQJ SHUIRUPDQFH RI SURFHVVRUV SXWV PRUH DQG PRUH
DSSOLFDWLRQV
LQ WKLV FDWHJRU\

[ PLQLPL]H WKH DPRXQW RI H[WHUQDO ORJLF
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0LFURSURFHVVRU�EDVLFV

] &RPSRVHG RI WKUHH SDUWV
\ GDWD�SDWK� GDWD PDQLSXODWLRQ DQG VWRUDJH

\ FRQWURO� GHWHUPLQHV VHTXHQFH RI DFWLRQV H[HFXWHG LQ GDWD�SDWK
DQG LQWHUDFWLRQV WR EH KDG ZLWK HQYLURQPHQW

\ LQWHUIDFH� VLJQDOV VHHQ E\ WKH HQYLURQPHQW RI WKH SURFHVVRU

] ,QVWUXFWLRQ H[HFXWLRQ HQJLQH� IHWFK�H[HFXWH F\FOH
\ IORZ RI FRQWURO GHWHUPLQHG E\ PRGLILFDWLRQV WR SURJUDP FRXQWHU

\ LQVWUXFWLRQ FODVVHV�

[ GDWD� PRYH� DULWKPHWLF DQG ORJLFDO RSHUDWLRQV

[ FRQWURO� EUDQFK� ORRS� VXEURXWLQH FDOO

[ LQWHUIDFH� ORDG� VWRUH IURP H[WHUQDO PHPRU\
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0LFURSURFHVVRU�EDVLFV��FRQW·G�

] &DQ LPSOHPHQW DUELWUDU\ VWDWH PDFKLQH ZLWK DX[LOLDU\
GDWD�SDWK
\ FRQWURO LQVWUXFWLRQV LPSOHPHQW VWDWH GLDJUDP

\ UHJLVWHUV DQG $/8V DFW DV GDWD VWRUDJH DQG PDQLSXODWLRQ

\ LQWHUDFWLRQ ZLWK WKH HQYLURQPHQW WKURXJK PHPRU\ LQWHUIDFH

\ KRZ DUH LQGLYLGXDO VLJQDO ZLUHV VHQVHG DQG FRQWUROOHG"



CSE 477 - Autumn 1999 - Microcontrollers  - 5
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0LFURSURFHVVRU�RUJDQL]DWLRQ

] &RQWUROOHU

\ LQSXWV� IURP $/8 �FRQGLWLRQV�� LQVWUXFWLRQ UHDG IURP PHPRU\

\ RXWSXWV� VHOHFW LQSXWV IRU UHJLVWHUV� $/8 RSHUDWLRQV� UHDG�ZULWH WR
PHPRU\

] 'DWD�SDWK
\ UHJLVWHU ILOH WR KROG GDWD

\ DULWKPHWLF ORJLF XQLW WR PDQLSXODWH GDWD

\ SURJUDP FRXQWHU �WR LPSOHPHQW UHODWLYH MXPSV DQG LQFUHPHQWV�

] ,QWHUIDFH

\ GDWD WR�IURP PHPRU\ �DGGUHVV DQG GDWD UHJLVWHUV LQ GDWD SDWK�

\ UHDG�ZULWH VLJQDOV WR PHPRU\ �IURP FRQWURO�
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*HQHUDO�SXUSRVH�SURFHVVRU

] 3URJUDPPHG E\ XVHU

] 1HZ DSSOLFDWLRQV DUH GHYHORSHG URXWLQHO\

] *HQHUDO�SXUSRVH
\ PXVW KDQGOH D ZLGH UDQJLQJ YDULHW\ RI DSSOLFDWLRQV

] ,QWHUDFWV ZLWK HQYLURQPHQW WKURXJK PHPRU\
\ DOO GHYLFHV FRPPXQLFDWH WKURXJK PHPRU\ GDWD

\ '0$ RSHUDWLRQV EHWZHHQ GLVN DQG ,�2 GHYLFHV

\ GXDO�SRUWHG PHPRU\ �H�J�� GLVSOD\ VFUHHQ�

\ REOLYLRXV WR SDVVDJH RI WLPH �WDNHV DOO WKH WLPH LW QHHGV�
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(PEHGGHG�SURFHVVRU

] 3URJUDPPHG RQFH E\ PDQXIDFWXUHU RI V\VWHP

] ([HFXWHV D VLQJOH SURJUDP �RU D OLPLWHG VXLWH� ZLWK
IHZ SDUDPHWHUV

] 7DVN�VSHFLILF
\ FDQ EH RSWLPL]HG IRU VSHFLILF DSSOLFDWLRQ

] ,QWHUDFWV ZLWK HQYLURQPHQW LQ PDQ\ ZD\V
\ GLUHFW VHQVLQJ DQG FRQWURO RI VLJQDO ZLUHV

\ FRPPXQLFDWLRQ SURWRFROV WR HQYLURQPHQW DQG RWKHU GHYLFHV

\ UHDO�WLPH LQWHUDFWLRQV DQG FRQVWUDLQWV
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:K\�HPEHGGHG�SURFHVVRUV"

] +LJK RYHUKHDG LQ EXLOGLQJ D JHQHUDO�SXUSRVH V\VWHP
\ VWRULQJ�ORDGLQJ SURJUDPV

\ RSHUDWLQJ V\VWHP PDQDJHV UXQQLQJ RI SURJUDPV DQG DFFHVV WR GDWD

\ VKDUHG V\VWHP UHVRXUFHV �H�J�� V\VWHP EXV� ODUJH PHPRU\�

\ PDQ\ SDUWV

[ FRPPXQLFDWLRQ WKURXJK VKDUHG PHPRU\�EXV

[ HDFK ,�2 GHYLFH UHTXLUHV LWV RZQ KDUGZDUH

] 2SWLPL]DWLRQ RSSRUWXQLWLHV
\ DV PXFK KDUGZDUH DV QHFHVVDU\ IRU DSSOLFDWLRQ

[ FKHDSHU� SRUWDEOH� ORZHU�SRZHU V\VWHPV

\ DV PXFK VRIWZDUH DV QHFHVVDU\ IRU DSSOLFDWLRQ

[ QR FRPSOHWH 26 UHTXLUHPHQW

\ FDQ LQWHJUDWH SURFHVVRU� PHPRU\� DQG ,�2 GHYLFHV RQWR D VLQJOH�FKLS
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&38 0HPRU\

'LVSOD\
�ZLWK

GXDO�SRUW
YLGHR 5$0�

'LVN

,�2
�VHULDO OLQH�
NH\ERDUG�
PRXVH�

1HWZRUN
,QWHUIDFH

VWDQGDUG LQWHUIDFHV

V\VWHP EXV

DOO WKH SDUWV DURXQG WKH
SURFHVVRU DUH XVXDOO\ UHTXLUHG

7\SLFDO�JHQHUDO�SXUSRVH�DUFKLWHFWXUH
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0LFURFRQWUROOHU

520
,�2

'HYLFH
'ULYHU

5$0
FXVWRP
ORJLF

PHGLXP�VSHHG
LQWHUDFWLRQV

KLJK�VSHHG
LQWHUDFWLRQV

ORZ�VSHHG
LQWHUDFWLRQV

VWDQGDUG LQWHUIDFH

DQ\ RI WKH SDUWV DURXQG WKH
PLFURFRQWUROOHU DUH RSWLRQDO

7\SLFDO�WDVN�VSHFLILF�DUFKLWHFWXUH
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+RZ�GRHV�WKLV�FKDQJH�WKLQJV"

] 6HQVH DQG FRQWURO RI HQYLURQPHQW

\ SURFHVVRU PXVW EH DEOH WR ´UHDGµ DQG ´ZULWHµ LQGLYLGXDO VLJQDO ZLUHV

\ FRQWUROV ,�2 GHYLFHV GLUHFWO\

] 0HDVXUHPHQW RI WLPH

\ PDQ\ DSSOLFDWLRQV UHTXLUH SUHFLVH VSDFLQJ RI HYHQWV

\ UHDFWLRQ WLPHV WR H[WHUQDO VWLPXOL PD\ EH FRQVWUDLQHG

] &RPPXQLFDWLRQ

\ SURWRFROV PXVW EH LPSOHPHQWHG E\ SURFHVVRU

\ LQWHJUDWH ,�2 GHYLFH RU HPXODWH LQ VRIWZDUH

\ FDSDELOLW\ RI XVLQJ H[WHUQDO GHYLFH LI QHFHVVDU\
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,QWHUDFWLRQV�ZLWK�WKH�HQYLURQPHQW

] %DVLF SURFHVVRU RQO\ KDV DGGUHVV DQG
GDWD EXVVHV WR PHPRU\

] ,QSXWV DUH UHDG IURP PHPRU\

] 2XWSXWV DUH ZULWWHQ WR PHPRU\

] 7KXV� IRU D SURFHVVRU WR VHQVH�FRQWURO VLJQDO ZLUHV LQ
WKH HQYLURQPHQW WKH\ PXVW EH PDGH WR DSSHDU DV
PHPRU\ ELWV
\ KRZ GR ZH PDNH ZLUHV ORRN OLNH PHPRU\"
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IURP HQYLURQPHQW

WR GDWD EXV

UHDG VLJQDO
GHFRGHU

IURP DGGUHVV EXV

6HQVLQJ�H[WHUQDO�VLJQDOV

] 0DS H[WHUQDO ZLUH WR D ELW LQ WKH DGGUHVV VSDFH
RI WKH SURFHVVRU

] ([WHUQDO UHJLVWHU RU ODWFK EXIIHUV YDOXHV FRPLQJ
IURP HQYLURQPHQW
\ PDS UHJLVWHU LQWR DGGUHVV VSDFH

\ GHFRGHU QHHGHG WR VHOHFW UHJLVWHU IRU UHDGLQJ

\ RXWSXW HQDEOH �2(� VR WKDW PDQ\ UHJLVWHUV FDQ XVH WKH VDPH GDWD EXV
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5'

:5
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0LFUR�
SURFHVVRU
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287

IURP GDWD EXV

ZULWH VLJQDO
GHFRGHU

IURP DGGUHVV EXV

WR HQYLURQPHQW

&RQWUROOLQJ�H[WHUQDO�VLJQDOV

] 0DS H[WHUQDO ZLUH WR D ELW LQ WKH DGGUHVV VSDFH
RI WKH SURFHVVRU

] &RQQHFW RXWSXW RI PHPRU\�PDSSHG UHJLVWHU
WR HQYLURQPHQW

\ PDS UHJLVWHU LQWR DGGUHVV VSDFH

\ GHFRGHU QHHG WR VHOHFW UHJLVWHU IRU ZULWLQJ �KROGV YDOXH LQGHILQLWHO\�

\ LQSXW HQDEOH �(1� VR WKDW PDQ\ UHJLVWHUV FDQ XVH WKH VDPH GDWD EXV
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7LPH�DQG�LQVWUXFWLRQ�H[HFXWLRQ

] .HHS WUDFN RI GHWDLOHG WLPLQJ RI HDFK LQVWUXFWLRQ
V
H[HFXWLRQ

\ KLJKO\ GHSHQGHQW RQ FRGH

\ KDUG WR XVH FRPSLOHUV

\ QRW HQRXJK FRQWURO RYHU FRGH JHQHUDWLRQ

\ LQWHUDFWLRQV ZLWK FDFKHV�LQVWUXFWLRQ�EXIIHUV

] /RRSV WR LPSOHPHQW GHOD\V
\ NHHS WUDFN RI WLPH LQ FRXQWHUV

\ NHHSV SURFHVVRU EXV\ FRXQWLQJ DQG QRW GRLQJ RWKHU XVHIXO WKLQJV

] 5HDO�WLPH FORFN

\ WDNH GLIIHUHQFHV DW GLIIHUHQW SRLQWV LQ WKH SURJUDP
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7LPH�PHDVXUHPHQW�YLD�SDUDOOHO�WLPHUV

] 6HSDUDWH DQG SDUDOOHO FRXQWLQJ XQLW�V�
\ FR�SURFHVVRU WR PLFURSURFHVVRU

\ GRHV QRW UHTXLUH PLFURSURFHVVRU LQWHUYHQWLRQ

\ LQ VLPSOH FDVH� OLNH D UHDO�WLPH FORFN

\ VHW WLPHU� LQWHUUXSW JHQHUDWHG ZKHQ H[SLUHG

] 0RUH LQWHUHVWLQJ WLPHU XQLWV
\ VHOI UHORDGLQJ WLPHUV IRU UHJXODU LQWHUUXSWV

\ SUH�VFDOLQJ IRU PHDVXULQJ ODUJHU WLPHV

\ VWDUWHG E\ H[WHUQDO HYHQWV
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,QSXW�RXWSXW�HYHQWV

] ,QSXW FDSWXUH
\ UHFRUG WLPH ZKHQ LQSXW HYHQW RFFXUHG

\ WR EH XVHG LQ ODWHU KDQGOLQJ RI HYHQW

] 2XWSXW FRPSDUH
\ VHW RXWSXW WR KDSSHQ DW D SRLQW LQ WKH IXWXUH

\ UHDFWLYH RXWSXWV ² VHW RXWSXW WR KDSSHQ D SUH�GHILQHG
WLPH DIWHU VRPH LQSXW

\ SURFHVVRU FDQ JR RQ WR GR RWKHU WKLQJV LQ WKH PHDQWLPH
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6\VWHP�EXV�EDVHG�FRPPXQLFDWLRQ

] ([WHQG DGGUHVV�GDWD EXV WR RXWVLGH

] 8VH VSHFLDOL]HG GHYLFHV WR LPSOHPHQW FRPPXQLFDWLRQ
SURWRFRO

] 0DS GHYLFHV DQG WKHLU UHJLVWHUV WR PHPRU\ ORFDWLRQV

] 5HDG�ZULWH GDWD WR UHFHLYH�VHQG LQ EXIIHUV LQ GHYLFH

RU VKDUHG PHPRU\

] 3ROO UHJLVWHU LQ GHYLFH IRU VWDWXV

] :DLW IRU LQWHUUXSW IURP GHYLFH RQ LQWHUHVWLQJ HYHQWV
\ VHQG FRPSOHWHG

\ UHFHLYH RFFXUHG
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6XSSRUW�IRU�FRPPXQLFDWLRQ�SURWRFROV

] %XLOW�LQ GHYLFH GULYHUV

\ IRU FRPPRQ FRPPXQLFDWLRQ SURWRFROV

\ VHULDO�OLQH SURWRFROV PRVW FRPPRQ DV WKH\ UHTXLUH IHZ SLQV

] 6HULDO�OLQH FRQWUROOHU

\ VSHFLDO UHJLVWHU LQ PHPRU\ VSDFH IRU LQWHUDFWLRQ

\ PD\ XVH WLPHU XQLW�V� WR JHQHUDWH WLPLQJ HYHQWV

[ IRU VSDFLQJ RI ELWV RQ VLJQDO ZLUH

[ IRU VDPSOLQJ UDWH

] ,QFUHDVH OHYHO RI LQWHJUDWLRQ
\ QR H[WHUQDO GHYLFHV

\ PD\ IXUWKHU HOLPLQDWH QHHG IRU VKDUHG PHPRU\ RU V\VWHP EXV
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0LFURFRQWUROOHUV

] (PEHGGHG SURFHVVRU ZLWK PXFK PRUH LQWHJUDWHG RQ
VDPH FKLS
\ SURFHVVRU FRUH � FR�SURFHVVRUV � PHPRU\

\ 520 IRU SURJUDP PHPRU\� 5$0 IRU GDWD PHPRU\� VSHFLDO UHJLVWHUV

\ SDUDOOHO ,�2 SRUWV WR VHQVH DQG FRQWURO ZLUHV

\ WLPHU XQLWV WR PHDVXUH WLPH LQ YDULRXV ZD\V

\ FRPPXQLFDWLRQ VXEV\VWHPV WR SHUPLW GLUHFW OLQN
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0LFURFRQWUROOHUV��FRQW·G�

] 2WKHU IHDWXUHV QRW XVXDOO\ IRXQG LQ
JHQHUDO�SXUSRVH &38V
\ H[SDQGHG LQWHUUXSW KDQGOLQJ FDSDELOLWLHV

[ PXOWLSOH LQWHUUXSWV ZLWK SULRULW\ DQG VHOHFWLYH HQDEOH�GLVDEOH

[ DXWRPDWLF VDYLQJ RI FRQWH[W EHIRUH KDQGOLQJ LQWHUUXSW

[ LQWHUUXSW YHFWRULQJ WR TXLFNO\ MXPS WR KDQGOHUV

\ PRUH LQVWUXFWLRQV IRU ELW PDQLSXODWLRQV

[ VXSSRUW RSHUDWLRQV RQ ELWV �VLJQDO ZLUHV� UDWKHU WKDQ MXVW ZRUGV

] ,QWHJUDWHG PHPRU\ DQG VXSSRUW IXQFWLRQV IRU FKHDSHU
V\VWHP FRVW
\ EXLOW�LQ (3520� )ODVK� DQG�RU 5$0

\ '5$0 FRQWUROOHU WR KDQGOH UHIUHVK

\ SDJH�PRGH VXSSRUW IRU IDVWHU EORFN WUDQVIHUV
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0LFURFRQWUROOHU�ZH�ZLOO�EH�XVLQJ

] ,QWHO 6WURQJ$50 �6$�����
\ ���ELW PLFURFRQWUROOHU � $50 5,6&�SURFHVVRU FRUH �6$���

\ LQVWUXFWLRQ ���.%� DQG GDWD ��.%� FDFKHV

\ UHDO�WLPH FORFN ������� 0+]�

\ JHQHUDO�SXUSRVH ,�2 �ZLWK LQWHUUXSW VXSSRUW�

\ VHULDO FRPPXQLFDWLRQ LQWHUIDFHV

[ FDQ HPXODWH Y��� PRGHP LQ VRIWZDUH

[ VXSSRUWV �0%�VHF ,U'$

[ 86% VODYH

\ GLVSOD\ LQWHUIDFH �����[�����

\ H[WHUQDO PHPRU\ FRQWUROOHU

\ H[WHQVLYH ORZ�SRZHU PRGHV

\ ULFK VRIWZDUH VXSSRUW �26HV� DSS� OLEUDULHV�

\ GHVLJQHG IRU SRUWDEOH DSSOLFDWLRQV
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6$������$UFKLWHFWXUH
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6$������3LQV



CSE 477 - Autumn 1999 - Microcontrollers  - 25

6$������0HPRU\�0DS

CSE 477 - Autumn 1999 - Microcontrollers  - 26

6$������9HFWRU�0DS
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6$������,QVWUXFWLRQ�7LPLQJV
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6$������&ORFNV
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6$������*HQHUDO�3XUSRVH�,�2�3LQV�����
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6$������*3,2�3LQ�/HYHO�5HJLVWHU��*3/5�
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6$������*3,2�3LQ�'LUHFWLRQ�5HJLVWHU��*3'5�
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6$������*3,2�2XWSXW�6HW�&OHDU�5HJLVWHUV
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6$������*3,2�$OWHUQDWH�)XQFWLRQV
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6$������*3,2�5HJLVWHU�/RFDWLRQV
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6$������,QWHUUXSW�/RJLF
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6$������6OHHS�0RGHV
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6$������3HULSKHUDO�&RQWURO�0RGXOH
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6$������3HULSKHUDO�3LQV
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'HYHORSPHQW�ERDUG�ZH�ZLOO�EH�XVLQJ

] 0XOWLPHGLD GHYHORSPHQW ERDUG IRU 6WURQJ$50 �0'%�
\ 6$����� UHIHUHQFH GHVLJQ

\ PRQLWRU SURJUDP WR ORDG DQG GHEXJ SURJUDP �$QJHO�

\ ���.% PRQLWRU �$QJHO� IODVK PHPRU\� �0% DSSOLFDWLRQ IODVK PHPRU\

\ ��0% RI '5$0

\ ���EXWWRQ NH\SDG� � /('V� � ��VHJPHQW GLJLW GLVSOD\V� WRXFK VFUHHQ

\ ,U'$� 56����� DXGLR ,�2� YLGHR ,�2� SKRQH �3276� LQWHUIDFH@

\ '63 FR�SURFHVVRU IRU DXGLR�YLGHR DSSOLFDWLRQV

\ &3/' WR PDS DOO WKH ,�2 GHYLFH RQ�ERDUG �UH�SURJUDPPDEOH�

\ ;%XV LQWHUIDFH � WR FRQQHFW RWKHU ,�2 GHYLFHV RQ RWKHU ERDUGV

\ GDXJKWHU FDUG LQWHUIDFH �VHH 6$����� FRPSDQLRQ ERDUG�
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6WURQJ$50�0'%�&RQQHFWLRQV
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0'%�DQG�3&,�%DFNSODQH
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&RPSDQLRQ�ERDUG�WR�0'%

] 'DXJKWHU ERDUG IRU 6WURQJ$50 �0'%�
\ 6$����� UHIHUHQFH GHVLJQ

\ FRQQHFWHG WR VDPH PHPRU\ EXV DV 6$����� ERDUG

\ 9*$ RXWSXW �����[��� ZLWK �ELWV�FRORU�

\ 86% KRVW FRQWUROOHU

\ *OXH ORJLF IRU WZR 3&0&,$ VORWV

\ 7ZR 36�� SRUWV �NH\ERDUG DQG PRXVH�

\ ��[� PDWUL[ NH\ERDUG LQWHUIDFH

\ ,(((���� SDUDOOHO SRUW
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6$������&RPSDQLRQ�%RDUG�&RQQHFWLRQV
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6$�����
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:K\�WKLV�FKRLFH"��GRQDWHG�E\�,QWHO�&RUSRUDWLRQ�

] 6WURQJ$50
\ EDVLF ���ELW PLFURFRQWUROOHU ZLWK VWUDLJKWIRUZDUG LQVWUXFWLRQ VHW

\ IXOO�IHDWXUHG �PDQ\ ,�2 GHYLFHV LQFOXGHG RQ VDPH FKLS�

\ JRRG UHDO�WLPH FDSDELOLWLHV

\ EHFRPLQJ YHU\ FRPPRQ �ORWV RI UHVRXUFHV DYDLODEOH RQ ZHE�

\ JRRG GHYHORSPHQW HQYLURQPHQW DYDLODEOH �$50 6'7�

] 0XOWLPHGLD 'HYHORSPHQW %RDUG
\ IXOO\ LQWHJUDWHG V\VWHP �RQO\ QHHG WR DGG SURMHFW�VSHFLILF KDUGZDUH�

\ GHEXJJLQJ VXSSRUW �$QJHO PRQLWRU LQ 520�� VHULDO FRPPXQLFDWLRQ WR 3&

\ VXSSRUWV D ZLGH UDQJH RI LQWHUIDFHV �DXGLR� YLGHR� «� WKURXJK PDLQ
ERDUG DQG GDXJKWHU FDUG

\ 0'% WDUJHWV WDVN�VSHFLILF DSSOLFDWLRQV�GHYLFHV

\ FRPSDQLRQ ERDUG DOORZV FRQQHFWLRQV WR 3& ZRUOG
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3URJUDPPLQJ�WKH�6$����

] 6XEMHFW RI ODERUDWRU\ DVVLJQPHQW ��
\ SURJUDP VRPH /('V WR IODVK RQ WKH 0'%

\ GR LW WKUHH GLIIHUHQW ZD\V

] 'HYHORSPHQW HQYLURQPHQW
\ $50·V 6RIWZDUH 'HYHORSPHQW 7RRONLW �6'7�

] & SURJUDPPLQJ
\ VD�����K � LPSRUWDQW UHJLVWHU GHILQLWLRQV

\ VD�����F � OLEUDU\ RI XVHIXO IXQFWLRQV

\ VD����DVP�V � VSHFLDO IXQFWLRQ LQ DVVHPEO\ ODQJXDJH

\ PDLQ�F � PDLQ SURJUDP

\ ODE��DSM � SURMHFW ILOH IRU 6'7
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$�VDPSOH�SURJUDP��PDLQ�F�

#include <stdio.h>
#include <stdlib.h>

#include "sa1100.h"

void outport(DWORD *lPortAddress, DWORD lValue)
{
  *lPortAddress = lValue;
}

int main( void ) {
  int i;
  outport((DWORD *) DLEDR, 0x0);
  for( i = 0; i < 1000000; i++ );
  printf( "Hello World!" );
  outport((DWORD *) DLEDR, 0xF);
  return 0;
}

#define DLEDR 0x18800006

to console
(over serial
port to PC)
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%XV\�ZDLW�IXQFWLRQ��VD�����F�

void Wait( unsigned uSec ) {
  // waits the specified number of microseconds

  volatile unsigned *lTimerOSCRAddress= (unsigned *)OSCR;
  unsigned lValue, Time;

  Time = *lTimerOSCRAddress;

  lValue = Time + (uSec * TIMERTICK);
  if (lValue < Time) {
    while (Time < *lTimerOSCRAddress);
  }
  while (*lTimerOSCRAddress <= lValue);
}

#define OSCR      0x90000010 /* OS Timer Counter Registers   */
#define TIMERTICK 4      /* 1 microsecond is 3.7 clock ticks */
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7LPHU�LQWHUUXSW�IXQFWLRQV��VD�����F�

void TimerSetup( unsigned timerSel, unsigned cnt ) {
  struct os_timer_regs *OSTimerRegs = (struct os_timer_regs*)OSMR_0;

  DisableTimerIRQ( IRQ_OSTIMER0+timerSel );

  OSTimerRegs->oscr = 0;                      // initialize timer counter register
  OSTimerRegs->osmr[timerSel] = cnt;          // set timer max count
  OSTimerRegs->oier |= 1 << timerSel;         // unmask timer irq
  OSTimerRegs->ossr  = 1 << timerSel;         // reset interrupt source

  EnableTimerIRQ( IRQ_OSTIMER0+timerSel );
}

void initTimer( unsigned timerSel, unsigned us ) {
  TimerSetup( timerSel, 0x24*us );
}

void EnableTimerIRQ( unsigned timerSel ) {
  SetIrqLevel( timerSel, FALSE );
  EnableIrq( timerSel );
}

void DisableTimerIRQ( unsigned timerSel ) {
  DisableIRQ( timerSel );
}
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,QWHUUXSW�VHWXS�IXQFWLRQV��VD�����F�

void EnableIrq( unsigned uMask ) {
  struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

  icreg->icmr |= uMask;               
}

void DisableIRQ( unsigned uMask ) {
  struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

  icreg->icmr &= ~uMask;              
}

void DisableAllInts() {
  struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

  icreg->icmr = 0;                    
}

struct scm_ic_regs {
  int icip; // R
  int icmr; // RW
  int iclr; // RW
  int reserved0;    // --
  int icfp; // R
  int reserved1;    // --
  int reserved2;    // --
  int reserved3;    // --
  int icpr; // R
};

#define IC_BASE     0x90050000 /*  SCM IC Base      */
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,QVWDOOLQJ�DQG�LQWHUUXSW�KDQGOHU��VD�����F�

unsigned Install_Handler( unsigned routine, unsigned *vector ) {
  unsigned vec, oldvec;

  vec = ( (routine - (unsigned)vector - 0x8) >> 2 );

  if (vec & 0xff000000) { 
    return 0;
  }

  vec = 0xea000000 | vec;
  oldvec = *vector;
  *vector = vec;

  CleanAllCaches();

  return oldvec;
}
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,QFOXGLQJ�DVVHPEO\�FRGH��6$����DVP�V�

CleanAllCaches
STMFD r13!,{r0-r1,lr}        ; Store registers
mov r0,#&e0000000
add r1,r0,#8192

loop2
ldr r2,[r0],#32
teq r1,r0
bne loop2
MCR MMUCP,0,r0,MMUFlushTLBReg,c7,CP15_FLUSH_ALL ; Flush the TLB

       NOP
        NOP
       NOP

MCR MMUCP,0,r0,MMUFlushIDCReg,c7,CP15_FLUSH_ALL ; Flush Data
NOP
NOP
NOP
LDMFD r13!,{r0-r1,lr}         ; Restore original registers
mov pc,lr
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$50�3URMHFW�0DQDJHU�$IWHU�6XFFHVVIXO�%XLOG
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'HEXJJHU�,Q�3URJUHVV
�EUHDNSRLQW DW UHG OLQH� FXUUHQW H[HF� SRLQW DW JUHHQ�
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$50�'HEXJJHU�ORDGLQJ�SURJUDP�WR�ERDUG
�ZLWK DVVHPEO\ VKRZQ LQ ([HFXWLRQ :LQGRZ�
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$50�3URMHFW�0DQDJHU�GXULQJ�EXLOG�ZLWK�HUURUV
�HUURU LV YDULDEOH GHFODUDWLRQ LQ IRU ORRS ² ODVW OLQH RI FRGH ZLQGRZ�

CSE 477 - Autumn 1999 - Microcontrollers  - 58

*URXQG�UXOHV�IRU�WKH�ODE��6,*�����

] 6WDWH�RI�WKH�DUW IDFLOLW\ ZH ZRUN KDUG WR PDLQWDLQ

] &KULVWRSKHU 0RUJDQ LV WKH PDQDJHU RI WKH ODE
\ OLVWHQ WR KLP FDUHIXOO\

\ WUXVW KLP WR WHOO \RX WKH ULJKW WKLQJ

] 7$V ZLOO KROG WKHLU RIILFH KRXUV WKHUH

] 0DNH VXUH HYHU\WKLQJ LV DOZD\V OHIW WKH ZD\ \RX IRXQG LW
\ KDUGZDUH� VRIWZDUH� DQG SK\VLFDO VXUURXQGLQJV

\ QHDWQHVV GRHV FRXQW

] .HHS \RXU VWXII LQ WKH EHQFK GUDZHUV �GRQ·W WDNH LW KRPH�

] 1R GULQNLQJ� VPRNLQJ� RU RWKHU EHKDYLRU WKDW PD\ KDUP

] 'RQ·W OHW RWKHUV LQWR WKH ODE �HVSHFLDOO\ RII KRXUV�


