
7DEOH RI RQWHQWV
3UHIDFH
6HFWLRQ 3URJUDPPLQJ ZLWK 3 WKRQ DQG WKH 5DVSEHUU
3L

KDSWHU 6HWWLQJ 8S R U 'HYHORSPHQW (QYLURQPHQW
7HFKQLFDO UHT LUHPHQWV
8QGHUVWDQGLQJ R U 3 WKRQ LQVWDOODWLRQ
6HWWLQJ S D 3 WKRQ YLUW DO HQYLURQPHQW
,QVWDOOLQJ 3 WKRQ 3,2 SDFNDJHV ZLWK SLS

QDWRP RI D YLUW DO HQYLURQPHQW
OWHUQDWLYH PHWKRGV RI H HF WLQJ D 3 WKRQ VFULSW

8VLQJ V GR ZLWKLQ YLUW DO HQYLURQPHQWV
( HF WLQJ 3 WKRQ VFULSWV R WVLGH RI WKHLU YLUW DO HQYLURQPHQWV
5 QQLQJ D 3 WKRQ VFULSW DW ERRW

RQILJ ULQJ WKH 3,2 LQWHUIDFH RQ R U 5DVSEHUU 3L
RQILJ ULQJ WKH 3L 3,2 GDHPRQ

6 PPDU
) UWKHU UHDGLQJ

KDSWHU HWWLQJ 6WDUWHG ZLWK 3 WKRQ DQG ,R7
7HFKQLFDO UHT LUHPHQWV

UHDWLQJ D EUHDGERDUG SURWRW SH FLUF LW
8QGHUVWDQGLQJ WKH EUHDGERDUG
3RVLWLRQLQJ DQG FRQQHFWLQJ WKH S VK E WWRQ
3RVLWLRQLQJ DQG FRQQHFWLQJ WKH /('
3RVLWLRQLQJ DQG FRQQHFWLQJ WKH UHVLVWRU

5HDGLQJ DQ HOHFWURQLF VFKHPDWLF GLDJUDP
5HDGLQJ WKH S VK E WWRQ VFKHPDWLF FRQQHFWLRQ
5HDGLQJ WKH /(' DQG UHVLVWRU VFKHPDWLF FRQQHFWLRQ
,QWURG FLQJ JUR QG FRQQHFWLRQV DQG V PEROV

( SORULQJ WZR ZD V WR IODVK DQ /(' LQ 3 WKRQ
OLQNLQJ ZLWK 3,2 HUR

,PSRUWV
3LQ )DFWRU FRQILJ UDWLRQ

OLQNLQJ WKH /('
OLQNLQJ ZLWK 3L 3,2

,PSRUWV
3L 3,2 DQG SLQ FRQILJ UDWLRQ

OLQNLQJ WKH /('
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RPSDULQJ WKH 3,2 HUR DQG 3L 3,2 H DPSOHV
( SORULQJ WZR ZD V WR LQWHJUDWH D S VK E WWRQ LQ 3 WKRQ

5HVSRQGLQJ WR D E WWRQ SUHVV ZLWK 3,2 HUR
,PSRUWV

WWRQ SUHVVHG KDQGOHU
WWRQ FRQILJ UDWLRQ

3UHYHQWLQJ WKH PDLQ WKUHDG IURP WHUPLQDWLQJ
5HVSRQGLQJ WR D E WWRQ SUHVV ZLWK 3L 3,2

WWRQ SLQ FRQILJ UDWLRQ
WWRQ SUHVVHG KDQGOHU

UHDWLQJ R U ILUVW ,R7 SURJUDP
5 QQLQJ DQG WHVWLQJ WKH 3 WKRQ VHUYHU
8QGHUVWDQGLQJ WKH VHUYHU FRGH

,PSRUWV
9DULDEOH GHILQLWLRQV
7KH UHVROYHBWKLQJBQDPH PHWKRG
7KH JHWBODVWHVWBGZHHW PHWKRG
7KH SROOBGZHHWVBIRUHYHU PHWKRG
7KH SURFHVVBGZHHW PHWKRG
7KH PDLQ SURJUDP HQWU SRLQW

( WHQGLQJ R U ,R7 SURJUDP
,PSOHPHQWLQJ D GZHHWLQJ E WWRQ
3L 3,2 /(' DV D FODVV

6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU 1HWZRUNLQJ ZLWK 5(67I O 3,V DQG :HE 6RFNHWV 8VLQJ )ODVN
7HFKQLFDO UHT LUHPHQWV
,QWURG FLQJ WKH )ODVN PLFURVHUYLFHV IUDPHZRUN

UHDWLQJ D 5(67I O 3, VHUYLFH ZLWK )ODVN 5(67I O
5 QQLQJ DQG WHVWLQJ WKH 3 WKRQ VHUYHU
8QGHUVWDQGLQJ WKH VHUYHU FRGH

,PSRUWV
)ODVN DQG )ODVN 5(67I O 3, LQVWDQFH YDULDEOHV

OREDO YDULDEOHV
7KH LQLWBOHG PHWKRG
6HUYLQJ D ZHE SDJH
7KH /(' RQWURO FODVV
7KH JHW FODVV PHWKRG
7KH SRVW FODVV PHWKRG
/(' RQWUROOHU UHJLVWUDWLRQ DQG VWDUWLQJ WKH VHUYHU

,QWURG FWLRQ WR 3:0
GGLQJ D 5(67I O 3, FOLHQW ZHE SDJH

8QGHUVWDQGLQJ WKH FOLHQW VLGH FRGH
-DYD6FULSW LPSRUWV
7KH JHW6WDWH I QFWLRQ
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7KH SRVW8SGDWH I QFWLRQ
7KH SGDWH RQWUROV I QFWLRQ
5HJLVWHULQJ HYHQW KDQGOHUV ZLWK M4 HU
7KH ZHE SDJH +70/

UHDWLQJ D :HE 6RFNHW VHUYLFH ZLWK )ODVN 6RFNHW,2
5 QQLQJ DQG WHVWLQJ WKH 3 WKRQ VHUYHU
6HUYHU FRGH ZDONWKUR JK

,PSRUWV
)ODVN DQG )ODVN 5(67I O 3, LQVWDQFH YDULDEOHV
6HUYLQJ D ZHE SDJH

RQQHFWLQJ DQG GLVFRQQHFWLQJ KDQGOHUV
/(' KDQGOHU
6WDUWLQJ WKH VHUYHU

GGLQJ D :HE 6RFNHW FOLHQW ZHE SDJH
8QGHUVWDQGLQJ WKH FOLHQW VLGH FRGH

,PSRUWV
6RFNHW ,2 FRQQHFW DQG GLVFRQQHFW KDQGOHUV
7KH RQ /(' KDQGOHU
7KH GRF PHQW UHDG I QFWLRQ
7KH ZHE SDJH +70/

RPSDULQJ WKH 5(67I O 3, DQG :HE 6RFNHW VHUYHUV
6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU 1HWZRUNLQJ ZLWK 0477 3 WKRQ DQG WKH 0RVT LWWR 0477
URNHU

7HFKQLFDO UHT LUHPHQWV
,QVWDOOLQJ WKH 0RVT LWWR 0477 EURNHU
/HDUQLQJ 0477 E H DPSOH

3 EOLVKLQJ DQG V EVFULELQJ 0477 PHVVDJHV
( SORULQJ 0477 WRSLFV DQG ZLOGFDUGV

SSO LQJ 4 DOLW RI 6HUYLFH WR PHVVDJHV
5HWDLQLQJ PHVVDJHV IRU ODWHU GHOLYHU

3 EOLVKLQJ D UHWDLQHG PHVVDJH
UHDWLQJ G UDEOH FRQQHFWLRQV

6D LQJ JRRGE H ZLWK D :LOO
8VLQJ 0477 EURNHU VHUYLFHV

,QWURG FLQJ WKH 3 WKRQ 3DKR 0477 FOLHQW OLEUDU
RQWUROOLQJ DQ /(' ZLWK 3 WKRQ DQG 0477

5 QQLQJ WKH /(' 0477 H DPSOH
8QGHUVWDQGLQJ WKH FRGH

,PSRUWV
OREDO YDULDEOHV

7KH VHWBOHGBOHYHO GDWD PHWKRG
7KH RQBFRQQHFW DQG RQBGLVFRQQHFW 0477 FDOOEDFN PHWKRGV
7KH RQBPHVVDJH 0477 FDOOEDFN PHWKRG
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7KH LQLWBPTWW PHWKRG
0DLQ HQWU SRLQW

LOGLQJ D ZHE EDVHG 0477 FOLHQW
8QGHUVWDQGLQJ WKH FRGH

,PSRUWV
OREDO YDULDEOHV

7KH 3DKR -DYD6FULSW 0477 FOLHQW
RQQHFWLQJ WR WKH EURNHU

7KH RQ RQQHFWLRQ/RVW DQG RQ0HVVDJH UULYHG KDQGOHU PHWKRGV
-4 HU GRF PHQW UHDG I QFWLRQ

6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

6HFWLRQ 3UDFWLFDO (OHFWURQLFV IRU ,QWHUDFWLQJ ZLWK WKH
3K VLFDO :RUOG

KDSWHU RQQHFWLQJ R U 5DVSEHUU 3L WR WKH 3K VLFDO :RUOG
7HFKQLFDO UHT LUHPHQWV
8QGHUVWDQGLQJ 5DVSEHUU 3L SLQ Q PEHULQJ
( SORULQJ SRS ODU 3 WKRQ 3,2 OLEUDULHV

5HYLHZLQJ 3,2 HUR b VLPSOH LQWHUIDFLQJ IRU EHJLQQHUV
5HYLHZLQJ 53L 3,2 b D ORZ OHYHO 3,2 IRU EHJLQQHUV
5HYLHZLQJ LUF LW 3 WKRQ DQG OLQND b LQWHUIDFLQJ IRU FRPSOH GHYLFHV
5HYLHZLQJ 3L 3,2 b D ORZ OHYHO 3,2 OLEUDU

( SORULQJ UHPRWH 3,2 ZLWK 3L 3,2 DQG 3,2 HUR
5HYLHZLQJ 63,'HY DQG 60 V b GHGLFDWHG 63, DQG , OLEUDULHV
:K 3L 3,2

( SORULQJ 5DVSEHUU 3L HOHFWURQLF LQWHUIDFLQJ RSWLRQV
8QGHUVWDQGLQJ GLJLWDO ,2
8QGHUVWDQGLQJ DQDORJ ,2
8QGHUVWDQGLQJ 3 OVH :LGWK 0RG ODWLRQ

UHDWLQJ 3:0 VLJQDOV
8QGHUVWDQGLQJ 63, , DQG ZLUH LQWHUIDFHV
8QGHUVWDQGLQJ WKH VHULDO 8 57 SURWRFRO

,QWHUIDFLQJ ZLWK DQ DQDORJ WR GLJLWDO FRQYHUWHU
LOGLQJ WKH '6 ' FLUF LW

0DNLQJ V UH WKH '6 LV FRQQHFWHG WR R U 5DVSEHUU 3L
5HDGLQJ DQDORJ LQS W ZLWK WKH '6

8QGHUVWDQGLQJ WKH FRGH
,PSRUWV

'6 VHW S DQG FRQILJ UDWLRQ
OREDO YDULDEOHV

3URJUDP HQWU SRLQW
8VLQJ 3:0 WR FRQWURO DQ /('

8QGHUVWDQGLQJ WKH FRGH
OREDO YDULDEOHV
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5DQJH PDSSLQJ I QFWLRQ
HQHUDWLQJ WKH 3:0 VLJQDO

9LV DOO H SORULQJ 3:0 ZLWK 3L6FRSH
9LV DOL LQJ VRIWZDUH DQG KDUGZDUH WLPHG 3:0

6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU (OHFWURQLFV IRU WKH 6RIWZDUH (QJLQHHU
7HFKQLFDO UHT LUHPHQWV
)LWWLQJ R W R U ZRUNVKRS

LQJ HOHFWURQLF PRG OHV DQG FRPSRQHQWV
3 UFKDVLQJ ORVH FRPSRQHQWV
3 UFKDVLQJ RSHQ VR UFH KDUGZDUH PRG OHV

.HHSLQJ R U 5DVSEHUU 3L VDIH
7KUHH ZD V HOHFWURQLF FRPSRQHQWV IDLO
(OHFWURQLFV LQWHUIDFLQJ SULQFLSOHV IRU 3,2 FRQWURO

2KP V /DZ DQG SRZHU
.LUFKKRII V FLUF LW ODZV
:K DUH ZH VLQJ D 2KP UHVLVWRU IRU WKH /(' FLUF LW

DOF ODWLQJ WKH UHVLVWRU YDO H
)DFWRULQJ LQ WKH 5DVSEHUU 3L V F UUHQW OLPLWV

DOF ODWLQJ WKH UHVLVWRU V SRZHU GLVVLSDWLRQ
( SORULQJ GLJLWDO HOHFWURQLFV

'LJLWDO R WS W
'LJLWDO LQS W
8VLQJ S OO S DQG S OO GRZQ UHVLVWRUV

7KH UHVLVWRU VRO WLRQ
7KH FRGH VRO WLRQ

( SORULQJ DQDORJ HOHFWURQLFV
QDORJ R WS W
QDORJ LQS W

9ROWDJH GLYLGHUV
8QGHUVWDQGLQJ ORJLF OHYHO FRQYHUVLRQ

9ROWDJH GLYLGHUV DV ORJLF OHYHO FRQYHUWHUV
/RJLF OHYHO FRQYHUWHU , V DQG PRG OHV

RPSDULQJ YROWDJH GLYLGHUV DQG ORJLF OHYHO FRQYHUWHUV
6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

6HFWLRQ ,R7 3OD JUR QG 3UDFWLFDO ( DPSOHV WR ,QWHUDFW
ZLWK WKH 3K VLFDO :RUOG

KDSWHU 7 UQLQJ 7KLQJV 2Q DQG 2II
7HFKQLFDO UHT LUHPHQWV
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( SORULQJ D UHOD GULYHU FLUF LW
'HWHUPLQLQJ D ORDG V YROWDJH DQG F UUHQW

0HDV ULQJ WKH F UUHQW UHT LUHPHQW RI D ' PRWRU
0HDV ULQJ WKH F UUHQW UHT LUHPHQW RI D UHOD DQG /('

8VLQJ DQ RSWRFR SOHU DV D VZLWFK
LOGLQJ WKH RSWRFR SOHU FLUF LW

RQWUROOLQJ WKH RSWRFR SOHU ZLWK 3 WKRQ
8VLQJ D WUDQVLVWRU DV D VZLWFK

LOGLQJ WKH 026)(7 FLUF LW
RQWUROOLQJ WKH 026)(7 ZLWK 3 WKRQ

8VLQJ D UHOD DV D VZLWFK
LOGLQJ WKH UHOD GULYHU FLUF LW

RQWUROOLQJ WKH 5HOD 'ULYHU LUF LW ZLWK 3 WKRQ
6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU /LJKWV ,QGLFDWRUV DQG 'LVSOD LQJ ,QIRUPDWLRQ
7HFKQLFDO UHT LUHPHQWV
0DNLQJ FRORU ZLWK DQ 5 /(' DQG 3:0

UHDWLQJ WKH 5 /(' FLUF LW
5 QQLQJ DQG H SORULQJ WKH 5 /(' FRGH

RQWUROOLQJ D P OWL FRORU 3 /(' VWULS ZLWK 63,
UHDWLQJ WKH 3 FLUF LW

3RZHULQJ WKH 3 FLUF LW
RQILJ ULQJ DQG U QQLQJ WKH 3 /(' VWULS FRGH
3 /(' VWULS FRGH ZDONWKUR JK

'LVF VVLRQ RI 3 DQG WKH 63, LQWHUIDFH
3 /(' VWULS WUR EOHVKRRWLQJ WLSV

8VLQJ DQ 2/(' GLVSOD
RQQHFWLQJ WKH 2/(' GLVSOD

9HULI LQJ ZKHWKHU WKH 2/(' GLVSOD LV FRQQHFWHG
RQILJ ULQJ DQG U QQLQJ WKH 2/(' H DPSOH

2/(' FRGH ZDONWKUR JK
0DNLQJ VR QG ZLWK E HUV DQG 3:0

LOGLQJ WKH 5777/ FLUF LW
5 QQLQJ WKH 5777/ P VLF H DPSOH

6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU 0HDV ULQJ 7HPSHUDW UH PLGLW DQG /LJKW /HYHOV
7HFKQLFDO UHT LUHPHQWV
0HDV ULQJ WHPSHUDW UH DQG K PLGLW

UHDWLQJ WKH '+7 '+7 FLUF LW
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5 QQLQJ DQG H SORULQJ WKH '+7 '+7 FRGH
'HWHFWLQJ OLJKW

UHDWLQJ DQ /'5 OLJKW GHWHFWLQJ FLUF LW
5 QQLQJ WKH /'5 H DPSOH FRGH
/'5 FRGH ZDONWKUR JK
/'5 FRQILJ UDWLRQ V PPDU

'HWHFWLQJ PRLVW UH
RPSDULQJ GHWHFWLRQ RSWLRQV

6 PPDU
4 HVWLRQV

KDSWHU 0RYHPHQW ZLWK 6HUYRV 0RWRUV DQG 6WHSSHUV
7HFKQLFDO UHT LUHPHQWV
8VLQJ 3:0 WR URWDWH D VHUYR

RQQHFWLQJ D VHUYR WR R U 5DVSEHUU 3L
+RZ D VHUYR LV FRQWUROOHG VLQJ 3:0
5 QQLQJ DQG H SORULQJ WKH VHUYR FRGH
'LIIHUHQW W SHV RI VHUYRV

8VLQJ DQ ULGJH , WR FRQWURO D PRWRU
LOGLQJ WKH PRWRU GULYHU FLUF LW

5 QQLQJ WKH H DPSOH + ULGJH FRGH WR FRQWURO D PRWRU
PRWRU S
PRWRUBFODVV S

,QWURG FWLRQ WR VWHSSHU PRWRU FRQWURO
RQQHFWLQJ WKH VWHSSHU PRWRU WR WKH / ' FLUF LW

5 QQLQJ DQG H SORULQJ WKH VWHSSHU PRWRU FRGH
6 PPDU
4 HVWLRQV

KDSWHU 0HDV ULQJ 'LVWDQFH DQG 'HWHFWLQJ 0RYHPHQW
7HFKQLFDO UHT LUHPHQWV
'HWHFWLQJ PRYHPHQW ZLWK D 3,5 VHQVRU

UHDWLQJ WKH 3,5 VHQVRU FLUF LW
5 QQLQJ DQG H SORULQJ WKH 3,5 VHQVRU FRGH

0HDV ULQJ GLVWDQFH ZLWK DQ OWUDVRQLF VHQVRU
+RZ DQ OWUDVRQLF GLVWDQFH VHQVRU ZRUNV
+ 65 GLVWDQFH PHDV UHPHQW SURFHVV

LOGLQJ WKH + 65 FLUF LW
5 QQLQJ DQG H SORULQJ WKH + 65 H DPSOH FRGH

'HWHFWLQJ PRYHPHQW DQG GLVWDQFH ZLWK DOO HIIHFW VHQVRUV
UHDWLQJ D +DOO HIIHFW VHQVRU FLUF LW

5 QQLQJ DQG H SORULQJ WKH +DOO HIIHFW VHQVRU FRGH
6 PPDU
4 HVWLRQV
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KDSWHU GYDQFHG ,R7 3URJUDPPLQJ RQFHSWV 7KUHDGV V QF,2
DQG (YHQW /RRSV

7HFKQLFDO UHT LUHPHQWV
LOGLQJ DQG WHVWLQJ R U FLUF LW

LOGLQJ WKH UHIHUHQFH FLUF LW
5 QQLQJ WKH H DPSOHV

( SORULQJ WKH HYHQW ORRS DSSURDFK
( SORULQJ D WKUHDGHG DSSURDFK
( SORULQJ WKH S EOLVKHU V EVFULEHU DOWHUQDWLYH
( SORULQJ DQ V QF,2 DSSURDFK

Q DV QFKURQR V H SHULPHQW
6 PPDU
4 HVWLRQV
) UWKHU UHDGLQJ

KDSWHU ,R7 9LV DOL DWLRQ DQG WRPDWLRQ 3ODWIRUPV
7HFKQLFDO UHT LUHPHQWV
7ULJJHULQJ DQ ,)777 SSOHW IURP R U 5DVSEHUU 3L

UHDWLQJ WKH WHPSHUDW UH PRQLWRULQJ FLUF LW
UHDWLQJ DQG FRQILJ ULQJ DQ ,)777 SSOHW

7ULJJHULQJ DQ ,)777 :HEKRRN
7ULJJHULQJ DQ ,)777 SSOHW LQ 3 WKRQ

FWLRQLQJ R U 5DVSEHUU 3L IURP DQ ,)777 SSOHW
0HWKRG b VLQJ WKH GZHHW LR VHUYLFH DV DQ LQWHUPHGLDU
0HWKRG b FUHDWLQJ D )ODVN 5(67I O VHUYLFH

UHDWLQJ WKH /(' FLUF LW
5 QQLQJ WKH ,)777 DQG /(' 3 WKRQ SURJUDP

UHDWLQJ WKH ,)777 SSOHW
RQWUROOLQJ WKH /(' IURP DQ HPDLO

,)777 WUR EOHVKRRWLQJ
9LV DOL LQJ GDWD ZLWK WKH 7KLQJ6SHDN SODWIRUP

RQILJ ULQJ WKH 7KLQN6SHDN SODWIRUP
RQILJ ULQJ DQG U QQLQJ WKH 7KLQN6SHDN 3 WKRQ SURJUDP

2WKHU ,R7 DQG D WRPDWLRQ SODWIRUPV IRU I UWKHU H SORUDWLRQ
DSLHU

,)777 SODWIRUP
7KLQJV RDUG ,R7 SODWIRUP
+RPH VVLVWDQW

PD RQ :HE 6HUYLFHV :6
0LFURVRIW UH , 0 :DWVRQ DQG RRJOH OR G

6 PPDU
4 HVWLRQV

KDSWHU 7 LQJ ,W OO 7RJHWKHU Q ,R7 KULVWPDV 7UHH
7HFKQLFDO UHT LUHPHQWV
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2YHUYLHZ RI WKH ,R7 KULVWPDV WUHH
LOGLQJ WKH ,R7UHH FLUF LW
7KUHH ,R7UHH VHUYLFH SURJUDPV

RQILJ ULQJ U QQLQJ DQG VLQJ WKH 7UHH 3, VHUYLFH
RQILJ ULQJ WKH 7UHH 3, VHUYLFH

5 QQLQJ WKH 7UHH 3, VHUYLFH
RQILJ ULQJ U QQLQJ DQG VLQJ WKH 7UHH 0477 VHUYLFH

RQILJ ULQJ WKH 7UHH 0477 VHUYLFH
5 QQLQJ WKH 7UHH 0477 VHUYLFH SURJUDP

,QWHJUDWLQJ WKH ,R7UHH ZLWK GZHHW LR
RQILJ ULQJ WKH 7UHH 0477 VHUYLFH

5 QQLQJ WKH GZHHW LQWHJUDWLRQ VHUYLFH SURJUDP
,QWHJUDWLQJ ZLWK HPDLO DQG RRJOH VVLVWDQW YLD ,)777

,QWHJUDWLRQ ZLWK HPDLO
,QWHJUDWLRQ ZLWK RRJOH VVLVWDQW

,GHDV DQG V JJHVWLRQV WR H WHQG R U ,R7UHH
6 PPDU
4 HVWLRQV

VVHVVPHQWV
2WKHU RRNV R 0D (QMR
,QGH
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