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7KH QHJDWLYH IHHGEDFN ORRS ZKLFK PDLQWDLQV D VWHDG\ EORRG SUHVVXUH LQ WKH KXPDQ ERG\ LV RQH RI WKH

PRUH GLIILFXOW WRSLFV IRU ILUVW�\HDU PHGLFDO VWXGHQWV WR PDVWHU� &,5&6,0�7XWRU Y� � LV WKH ODWHVW LQ D VHULHV

RI GLDORJXH�EDVHG LQWHOOLJHQW WXWRULQJ V\VWHPV LQWHQGHG WR KHOS VWXGHQWV PDVWHU WKH FRQFHSWV LQYROYHG�

&,5&6,0�7XWRU Y� � GLIIHUV IURP PDQ\ RWKHU ,76V LQ WKDW WH[W SODQQLQJ LV DQ LQWHJUDO SDUW RI WKH V\VWHP

UDWKHU WKDQ SDUW RI D QDWXUDO�ODQJXDJH IURQW�HQG� ,W FRQWDLQV D JOREDO SODQQHU ZKRVH IXQGDPHQWDO JRDO LV

¦JHQHUDWH D FRQYHUVDWLRQ UHVXOWLQJ LQ WKH VWXGHQW NQRZLQJ �FRQFHSWV!§ UDWKHU WKDQ ¦WHDFK �FRQFHSWV!�§

&RQVWUDLQWV RQ WKH SODQ RSHUDWRUV FDQ EH XVHG WR WDNH D YDULHW\ RI NQRZOHGJH VRXUFHV LQWR DFFRXQW�

LQFOXGLQJ WKH WXWRULDO KLVWRU\� WKH GRPDLQ NQRZOHGJH EDVH DQG D VWXGHQW PRGHO�

7R HQVXUH WKDW &,5&6,0�7XWRU LV XVHIXO LQ WKH FODVVURRP� ZH KDYH SDLG SDUWLFXODU DWWHQWLRQ WR EURDG

FRYHUDJH RI WKH GRPDLQ� PDLQWHQDQFH RI D FRKHUHQW FRQYHUVDWLRQ DQG IDVW UHVSRQVH WLPH� :H RIWHQ QHHG WR

PRGHO ZKDW KXPDQ WXWRUV GR ZLWKRXW D GHHS PRGHO RI ZK\ WKH\ VD\ ZKDW WKH\ VD\� $V D UHVXOW RXU FRQWHQW

SODQQHU XVHV D VFKHPD�EDVHG UHSUHVHQWDWLRQ ZKLFK DOORZV XV WR FRQWURO WKH GHFRPSRVLWLRQ DQG VHTXHQFH

RI JRDOV� 7KURXJK WKH XVH RI D UHDFWLYH SODQQLQJ DUFKLWHFWXUH� ZH FDQ XSGDWH RXU SODQ EDVHG RQ WKH

VWXGHQW©V DQVZHUV� 7H[W UHDOL]DWLRQ LV DFFRPSOLVKHG YLD D KLJK�OHYHO WHPSODWH PHFKDQLVP EDVHG RQ D

PLQL�V\QWD[ RI SRWHQWLDO DQVZHUV� %RWK WKH FRQWHQW VFKHPDWD DQG WKH WH[W UHDOL]DWLRQ WHPSODWHV DUH EDVHG

RQ GHWDLOHG PRGHOLQJ RI WKH GLDORJXH SDWWHUQV RI H[SHUW KXPDQ WXWRUV�

�� '(6&5,37,21 2) '20$,1 $1' 86(5 ,17(5)$&(

&,5&6,0�7XWRU KHOSV VWXGHQWV SUDFWLFH WKH UHDVRQLQJ WKH\ KDYH OHDUQHG LQ ,QWURGXFWLRQ WR 3K\VLRORJ\�

6WXGHQWV DUH JLYHQ D VLPSOLILHG TXDOLWDWLYH PRGHO RI WKH KHDUW� IROORZHG E\ D VHULHV RI SUREOHPV ZKLFK

XWLOL]H WKH PRGHO� ,Q HDFK SUREOHP� DQ LQFLGHQW VXFK DV WKH DGPLQLVWUDWLRQ RI D GUXJ DIIHFWV WKH SURFHVVLQJ

7KLV ZRUN ZDV VXSSRUWHG E\ WKH &RJQLWLYH 6FLHQFH 3URJUDP� 2IILFH RI 1DYDO 5HVHDUFK XQGHU *UDQW 1R� 1�����¤
��¤�¤���� WR ,OOLQRLV ,QVWLWXWH RI 7HFKQRORJ\� 7KH FRQWHQW GRHV QRW UHIOHFW WKH SRVLWLRQ RU SROLF\ RI WKH JRYHUQPHQW
DQG QR RIILFLDO HQGRUVHPHQW VKRXOG EH LQIHUUHG�
�
7KLV ZRUN ZDV SHUIRUPHG ZKLOH 5HYD )UHHGPDQ ZDV DW WKH ,OOLQRLV ,QVWLWXWH RI 7HFKQRORJ\�
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RI WKH KHDUW� 7KH VWXGHQW LV WKHQ DVNHG WR SUHGLFW WKH GLUHFWLRQ RI FKDQJH RI VHYHQ FRUH YDULDEOHV�

+5� +HDUW UDWH �EHDWV�PLQ� 0$3� 0HDQ DUWHULDO SUHVVXUH

,6� ,QRWURSLF VWDWH� D PHDVXUH RI WKH 69� 6WURNH YROXPH �YRO�EHDW�

KHDUW©V FRQWUDFWLOH DELOLW\ &93� &HQWUDO YHQRXV SUHVVXUH

735� 7RWDO SHULSKHUDO UHVLVWDQFH &2� &DUGLDF RXWSXW �YRO�PLQ�

7KH TXDOLWDWLYH FDXVDO UHODWLRQVKLSV EHWZHHQ WKH FRUH YDULDEOHV �L�H� DQ LQFUHDVH LQ ; FDXVHV DQ

LQFUHDVH�GHFUHDVH LQ <� DUH VKRZQ RQ WKH OHIW�KDQG VLGH RI )LJXUH �� ,Q WKLV GLDJUDP� 16  QHUYRXV

V\VWHP DQG %DUR  WKH EDURUHFHSWRUV LQ WKH QHFN ZKLFK UHFRJQL]H D FKDQJH LQ EORRG SUHVVXUH� $ ILQHU�

JUDLQHG NQRZOHGJH UHSUHVHQWDWLRQ LV DOVR DYDLODEOH IRU WKH WXWRU WR XVH ZKHQ QHHGHG� $ VHFWLRQ RI WKLV

NQRZOHGJH EDVH� WKH OHJ IURP WKH QHUYRXV V\VWHP WR 735� LV VKRZQ RQ WKH ULJKW�KDQG VLGH RI )LJXUH ��

(DFK YDULDEOH PXVW EH SUHGLFWHG DW WKUHH SRLQWV� WKH '5 RU GLUHFW UHVSRQVH SKDVH LPPHGLDWHO\ DIWHU WKH

LQFLGHQW� WKH 55 RU UHIOH[ UHVSRQVH SKDVH� ZKLFK VKRZV WKH HIIHFW RI WKH QHUYRXV V\VWHP� DQG WKH 66 RU

VWHDG\ VWDWH SKDVH DIWHU D QHZ VWHDG\ VWDWH KDV HPHUJHG� $IWHU WKH SUHGLFWLRQV DUH PDGH� WKH WXWRU HQJDJHV

WKH VWXGHQW LQ D GLDORJXH WR KHOS WKH VWXGHQW OHDUQ WKH FRUUHFW DQVZHUV DQG WKH FRQFHSWV XQGHUO\LQJ WKHP�

7KH EDVLF XVHU LQWHUIDFH LV WKH VFUHHQ VKRZQ LQ )LJXUH �� $ GHVFULSWLRQ RI WKH FXUUHQW SUREOHP LV VKRZQ DW

WKH WRS RI WKH VFUHHQ� 7KH OHIW�KDQG VLGH RI WKH VFUHHQ FRQWDLQV D WDEOH ZKHUH WKH VWXGHQW FDQ ILOO LQ

SUHGLFWLRQV IRU WKH WKUHH VWDJHV� DQG WKH ULJKW�KDQG VLGH FRQWDLQV D ZLQGRZ ZKHUH WKH GLDORJXH HYROYHV�

7KH VWXGHQW SDUW RI WKH GLDORJXH LV IUHH WH[W� ,QVWHDG RI UHVWULFWLQJ ZKDW VWXGHQWV FDQ VD\� ZH DWWHPSW WR

JXLGH WKHP WRZDUG XQGHUVWDQGDEOH UHVSRQVHV WKURXJK WKH ZD\ WKH TXHVWLRQV DUH IUDPHG� H�J� E\ DVNLQJ

VKRUW�DQVZHU TXHVWLRQV LQVWHDG RI RSHQ�HQGHG RQHV� ,QSXW SURFHVVLQJ LV EDVHG RQ ILQLWH�VWDWH WUDQVGXFHUV�

(DFK TXHVWLRQ WKH V\VWHP FDQ DVN LV DVVRFLDWHG ZLWK D WUDQVGXFHU ZKLFK FDQ FDWHJRUL]H DQG H[WUDFW D

YDULHW\ RI VWXGHQW DQVZHUV� 2IWHQ LI WKH VWXGHQW MXVW XVHV VRPH RI WKH ULJKW ZRUGV� WKH VHQWHQFH LV DFFHSWHG

VLQFH WKH LQSXW SURFHVVRU XVHV YHU\ OLWWOH V\QWD[� 6SHOOLQJ FRUUHFWLRQ� DQ HVVHQWLDO LQ DQ\ V\VWHP ZKLFK

DOORZV IUHH�WH[W W\SLQJ� LV EDVHG RQ DOJRULWKPV GHYHORSHG E\ (OPL >����@� 7KH WUDQVGXFHUV ZHUH FRGHG E\

KDQG XVLQJ DV LQSXW ERWK GLDORJXHV ZLWK KXPDQ WXWRUV DQG ORJV IURP HDUOLHU YHUVLRQV RI &,5&6,0�7XWRU�
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$W WKH WRS OHYHOV� WKH FRQYHUVDWLRQ JHQHUDWHG E\ WKH V\VWHP LV KLHUDUFKLFDO� :LWKLQ HDFK VWDJH� WKH WH[W LV

GLYLGHG LQWR VHJPHQWV� RQH IRU HDFK LQFRUUHFW FRUH YDULDEOH� 7KH YDULDEOHV DUH GLVFXVVHG LQ D SDUWLDOO\

RUGHUHG VHTXHQFH ZKLFK FRUUHVSRQGV WR WKH VROXWLRQ WUDFH RI WKH SUREOHP�

(DFK YDULDEOH LV WXWRUHG XVLQJ RQH RI D QXPEHU RI WXWRULQJ PHWKRGV ZKLFK ZH KDYH LVRODWHG IURP VWXGLHV

RI KXPDQ WXWRULQJ WUDQVFULSWV� 7KH WXWRULQJ PHWKRGV DUH LPSOHPHQWHG XVLQJ DQ H[WHQGHG IRUP RI VFKHPD

ZKLFK DOORZV IXOO XQLILFDWLRQ� VWDWLF DQG G\QDPLF SUHFRQGLWLRQV� DQG UHFXUVLRQ� 7KH IROORZLQJ VFKHPD LV

W\SLFDO �VFKHPDWD DUH LPSOHPHQWHG LQ /LVS��

7R FRUUHFW VWXGHQW©V LGHDV DERXW DQ\ YDULDEOH "Y FRQWUROOHG E\ WKH QHUYRXV V\VWHP

7HDFK DERXW PHFKDQLVP RI FRQWURO RI "Y

7HDFK DERXW ZKHQ WKLV PHFKDQLVP LV DFWLYDWHG

&KHFN WR ILQG RXW ZKHWKHU VWXGHQW NQRZV WKH FRUUHFW DQVZHU QRZ

(DFK WXWRULQJ PHWKRG LV FRPSRVHG RI D QXPEHU RI WRSLFV� 8QOHVV LW LQFOXGHV D UHFXUVLYH FDOO WR DQRWKHU

VFKHPD� HDFK WRSLF LV LQVWDQWLDWHG XVLQJ VWDQGDUG WH[W JHQHUDWLRQ SULPLWLYHV OLNH HOLFLW DQG LQIRUP� ,Q

DGGLWLRQ WR DUJXPHQWV VSHFLI\LQJ WKH FRQWHQW� WKH SULPLWLYHV FDQ EH PRGLILHG ZLWK DUJXPHQWV VSHFLI\LQJ

ZKHUH WKH SULPLWLYH IDOOV RQ +DOOLGD\©V LQWHUSHUVRQDO DQG QDUUDWLYH D[HV� 7KXV� IRU H[DPSOH� D VHQWHQFH

OLNH 5HPHPEHU WKDW ZH©UH LQ WKH SUH�QHXUDO SHULRG FRXOG EH JHQHUDWHG IURP D IRUP OLNH �7�LQIRUPV

LQIR '5�LQIR DWWLWXGH UHPLQG!� 2SWLRQDO DUJXPHQWV DUH DOVR SURYLGHG IRU JHQHUDWLQJ VHYHUDO NLQGV RI

GLVFRXUVH PDUNHUV DQG WHPSRUDO FODXVHV�

,QVWHDG RI SODQQLQJ WKH FRPSOHWH WH[W DV LQ D PRQRORJXH� ZH LQWHUOHDYH SODQQLQJ DQG H[HFXWLRQ� SODQQLQJ

RQO\ DV PXFK DV QHFHVVDU\ WR JHQHUDWH WKH QH[W WXUQ� :KHQ WKH VWXGHQW JLYHV DQ XQH[SHFWHG UHVSRQVH�

ZKLFK LQFOXGHV YDULRXV NLQGV RI ¦QHDU�PLVVHV§ DV ZHOO DV ZURQJ DQVZHUV� ZH FDQ FKRRVH EHWZHHQ UHWU\LQJ

WKH FXUUHQW JRDO� DGGLQJ D QHZ JRDO DW WKH WRS RI WKH DJHQGD� RU GURSSLQJ WKH FXUUHQW VFKHPD DQG

UHSODFLQJ LW E\ DQRWKHU RQH� ,Q WKLV ZD\ ZH FDQ UHSO\ IOH[LEO\ WR WKH VWXGHQW ZKLOH VWLOO PDLQWDLQLQJ D ORQJ�

Problem:  Pacemaker malfunctions, increasing to 120 beats/min.
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UDQJH SODQ� (DFK SDWK WKURXJK )LJXUH � VKRZV RQH SLHFH RI FRQYHUVDWLRQ ZKLFK FDQ RFFXU DV D UHVXOW RI

WKH VFKHPD VKRZQ DERYH� )URP OHIW WR ULJKW� WKH SDWKV VKRZ D ULJKW DQVZHU� D FRXSOH RI QHDU�PLVVHV ZKLFK

UHTXLUH WKH XVH RI WKH PRUH GHWDLOHG NQRZOHGJH EDVH� DQG D ZURQJ DQVZHU�

�� 5()(5(1&(6
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3URIHVVRUV -RHO $� 0LFKDHO DQG $OOHQ $� 5RYLFN RI WKH 'HSDUWPHQW RI 3K\VLRORJ\� 5XVK 0HGLFDO &ROOHJH

KDYH EHHQ JHQHURXV ZLWK ERWK WKHLU WLPH DQG WKHLU H[SHUWLVH�
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6R ZKDW GR \RX WKLQN DERXW 735 QRZ"

&DQ \RX WHOO PH KRZ 735 LV FRQWUROOHG" �

:KDW LV WKH SULPDU\ PHFKDQLVP ZKLFK FRQWUROV 735"

$QG ZH©UH LQ WKH SUH�QHXUDO SHULRG QRZ �

5HPHPEHU WKDW ZH©UH LQ WKH SUH�QHXUDO SHULRG

)LJXUH �� 6DPSOH GLDORJXHV


