7TKHVH QRWHYVY DUH SDUW RI D FRXUVH RQ VRIWZDUH GHYHORSPHQW VNI
*UHJ :LOVRQ IRU WKH 3\WKRQ 6RIWZDUH )RXQGDWLRQ
3OHDVH XVH WKH OLQNV LQFOXGHG ZLWK WKH VOLGHV WR SURYLGH FR

. QWURGXFWLRQ
9HUVLRQ &RQWURDO

6KHOO %DVLFV
ORUH 6KHOO
%DVLE 6FULSWLQJ

6WULQJYVY /LVWV DQG )LOHV
)JXQFWLRQV /LEUDULHY DQG WKH )LOH 6\VWHP

THVWLQJ %DVLFV

'LEFWLRQDULHVY DQG (UURU +DQGOLQJ

'"HEXJJLQJ

2EMHFW 2ULHOQWHG 3URJUDPPLQJ
6BWUXFWXUHG 8QLW 7THVWLQJ

SXWRPDWHG %XLOGV
&RGLQJ 6W\OH DQG 5

HDGLQJ &RGH

:DWFEKLQJ 3URJUDPV 5XQ
SHIJXODU ([SUHVVLRQV

%LQDU\ 'DWD
%DVLFE ;0/ DQG ;+70/

$ OLQL BURMHFW

SHODWLRQDO 'DWDEDVHYV
&OLHQW 6LGH :HE SURJUDPPLQJ

&*,
6HEXULW\
HDPZDUH

(IWUHPH 3URJUDPPLQJ

7KH . &21.,; SURFHVYV
7KH 1HYH[ SBURFHVYV
%DENZDUG )J)RUZDUG

LEOLRJUDSK\
*ORVVDU\

2Q0LQH SHVRXUFHYV
[LVW RI J)LIXUHV
[LVW Rl 7TDEOHV
6\OO0ODEXV

DQG 6LGHZD\V
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7KB\WKRQ 6RIWZDUH )RXQBDWIKRQJIJUDQW WKDW PDGH WKLV ZRUN SRVV
7KBQLYHUVLW\ RI 7TRURQWRIWWLQJ PH WHVW WKLV YHUVLRQ RI WKLV FF
,\WWSDUWPHQW RI &RPSXWHUR®FIHQFQJ PH D KRPH DQG PDNLQJ PH IHHC
%UHQW *RUGD ZKR KHOSHG FUHDWH WKH ILUVW YHUVLRQ RI WKLV FRX
+HDWKHU OD\HU IRU WKH DUWZRUN
<HV/RJLFRU JHQHURXVO\ GRQDWLQJ OLFHQVHV IRU 3ULQFH WKHLU ;0/ \
7KH PDQ\ SHRSOH ZKR FRPPHQWHG RQ WKLV PDWHULDO DQG VXJJHVWF
+RVVHLQ %6WKBROBQH OLFKHOGBHPRQ 'XBRXO 'XERIDQV )DQIRKHLQW *RUG
%RUW]PH\HRUDLJ
$GDP *RXFRHWU\ *UHHRD XKIDO*WHBHWYV QGREADMKHULQHFKHOOHQG\
IHWRQGDOHYHVTXH/XPVGDLQH
/IDXULH HLU OLHUOHW 6XQ UUNMDQOILFWRU 3XWJILQJ 5HID®HQ 5HLG
ODF'RXJDOO 2FKWPDQ
3DX0O 6DOYU@PLGLV 6SL@HOOIMW]IDQ -LP 9LFNUR\
90HFN
JUDQN :LOOLVRQ2, P VRUU\ WKLV RQH ZDV ILQLVKHG WRR ODWH IRU \RX

-RKQ 6FRSHV DQG HYHU\RQH HOVH ZLWK WKH FRXUDJH WR ILJKW IRU W
GRFWULQH
WRS

Introduction

'UDIW 9HUVLRQ

&RPSXWHUV DUH DV LPSRUWDQW WR VFLHQWLVWY DV WHOHVFRSHV DQ(
'’ $QDO\]H SUREOHPV WKDW DUH WRR FRPSOH[ IRU WUDGLWLRQDO PHDQYV
6LPXODWH WKLQJV WKDW FDQ W EH VWXGLHG LQ ODERUDWRULHYV
0DQ\ VFLHQWLVWY QRZ VSHQG PXFK Rl WKHLU SURIHVVLRQDO OLYHV ZL
$ TXDUWHU RI JUDGXDWH VWXGHQWYV LQ VFLHQFH DQG HQJLQHHULQJ VSHQG
%XW PRVW VFLHQWLVWY KDYH QHYHU EHHQ WDXJKW KRZ WR GR WKLV H
W V D ORQJ ZD\ IURP WKH ORRSV DQG DUUD\V RI ILUVW \HDU WR VLPXODWLQ
/LNH EHLQJ VKRZQ KRZ WR GLIIHUHQWLDWH SRO\QRPLDOV WKHQ H[SHFWHG \
7KLV FRXUVH ZLOO WHDFK \RX KRZ WR GHVLJQ EXLOG PDLQWDLQ DQG
' YJRFXV WRROV DQG WHFKQLTXHVY DSSURSULDWH IRU KDOI D GRJHQ SHRSOH ZF
(YHU\WKLQJ \RX GR DW WKDW VFDOH ZLOO DOVR PDNH \RX PRUH SURGXFWL
"LOQRWXUQ \RX LQWR D FRPSXWHU VFLHQWLVW
)DU WRR PDQ\ Rl WKHP DURXQG DQ\ZD\
' QVWHDG JRDO LV WR WHDFK \RX WKH HTXLYDOHQW Rl JRRG ODERUDWRU\ W
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7KH RI LGHDV WKDW DFFRXQW IRU Rl UHDO ZRUOG XVH
6RIWZDUH FDUSHQWU\ UDWKHU WKDQ VRIWZDUH HQJLQHHULQJ

([SHULPHQWDO UHVXOWY DUH RQO\ SXE OARWKIHEESMH & U RVGXR LIEWOHH EHOLHY

(TXLSPHQW FDOLEUDWHG VDPSOHV XQFRQWDPLQDWHG UHOHYDQW VWHSV U
,Q SUDFWLFH DOPRVW DOZD\V UHO\ RQ WKH SURIHVVLRQDOLVP RI WKH SHRS

+RZ ZHOO GR FRPSXWDWLRQDO VFLHQWLVWY PHHW WKHVH VWDQGDUGYV

&RUUHFWQHVV RI FRGH UDUHO\ TXHVWLRQHG

'H DOO NQRZ SURJUDPV DUH EXJJ\ EXW ZKHQ ZDV WKH ODVW WLPH \RX VDZ
TXDOLW\ RI WKH VRIWZDUH XVHG WR SURGXFH WKH UHVXOWV"

5HSURGXFLELOLW\ RIWHQ QRQH[LVWHQW
" +RZ PDQ\ SHRSOH FDQ UHSURGXFH PXFK OHVV WUDFH HDFK FRPSXWDWLRC

7KH WLPHV WKH\ DUH D FKDQJLQJ

6WDQGDUGY IRU FRPSXWDWLRQDO ZRUN FDQ RQO\ JR XS
&KDQJH FDQ KDSSHQ DOPRVW RYHUQLJKW
" /LNH WKH $PHULFDQ FDU PDUNHW ZKHQ *HUPDQ DQG -DSDQHVH LPSRUWYV D¢

,PSURYLQJ TXDOLW\ LPSURYHV SURGXFWLYLW\

H WKH WRROV DQG WHFKQLTXHV \RX PXVW DGRSW WR SURGXFH EHW)

8VHU VWRULHYV

,PSRUWDQW SDUW RI GHVLIJQLQJ XVHU LQWHUIDFHV IRU PDVV GLVWULEXWLR(
+HOSV PDNH GLVFXVVLRQ RI IHDWXUHY DQG XVDELOLW\ PRUH FRQFUHWH

+DUU\

% 6F LQ JRRORJ\
'LG DQ LQWURGXFWRU\ )RUWUDQ FRXUVH QLQH \HDUV DJR DQG DWWHQGHG L
VWDUWHG KLV MRE

1RZ GHYHORSLQJ IX]]\ SDWWHUQ PDWFKLQJ DOJRULWKPV IRU *HQHV 5 8V D E

5RQ

% (QJ LQ PHFKDQLFDO HQJLQHHULQJ QRZ GRLQJ DQ 0 6F SDUW WLPH
'LG & LQ ILUVW \HDU KDV EHHQ XVLQJ 0$7/$% HYHU VLQFH
ORGHOLQJ WKHUPDO GHJUDGDWLRQ D N D 3:PHOWLQJ  RI ILUHILJKWHUV KH(

+HUPLRQH

*LQQ\

$OEXV

3K' LQ SK\VLFV
7RRN WZR FRXUVHV RQ & DQG WZR RQ QXPHULFDO DQDO\VLV DV DQ XQGHUJU
VWXGHQW
1RZ LQ FKDUJH RI WKH SHUVRQ IO\ZKHHO EUDNLQJ JURXS DW <R\RG\QH ,QF

ILQLVKHG D % (QJ LQ FKHPLFDO HQJLQHHULQJ ODVW \HDU QRZ GRLQJ DQ
'LG & LQ ILUVW \HDU DQG KDV EXLOW D SHUVRQDO ZHE VLWH VWDWLF +70/ F
7KHVLV WRSLF LV LPSURYLQJ WKH \LHOG RI RUJDQLF IXOOHUHQH SURGXFWLF

3K'" LQ PDWKHPDWLFVY VWXGLHV ODUJH UDQGRP JUDSKYV XVLQJ ERWK DQTC
8QGHUJUDGXDWH GHJUHH LQ ODWKHPDWLFVY DQG &RPSXWHU 6FLHQFH LQ WKH
BURIHVVRU DW (XSKRULF 6WDWH 8QLYHUVLW\ IRUPHU FKDLU RI JUDGXDWH V
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$GDSWHGEBRRFROPV R\@ DOQB&R Q QHO®

IRU 3\HV~ IRU 2QR" DQG LI \RX GRQ W XQGHUVWDQG WKH TXHVWLRQ

6 R

'R \RX XVH YHUVLRQ FRQWURO"

&DQ \RX UHEXLOG HYHU\WKLQJ LQ RQH VWHS"

'R \RX KDYH DQ DXWRPDWHG WHVW VXLWH"

'R \RX EXLOG WKH VRIWZDUH DQG UXQ WKH WHVW VXLWH GDLO\"

'R \RX KDYH D EXJ GDWDEDVH"

'R \RX XVH D VIPEROLF GHEXJJHU"

'R \RX XVH D VW\OH FKHFNHU WR HQVXUH WKDW \RXU VRIWZDUH LV ZULWWHQ
&DQ \RX WUDFH HYHU\WKLQJ \RX UHOHDVH EDFN WR WKH VRIWZDUH WKDW SU
'R \RX GRFXPHQW DV \RX SURJUDP DQG NHHS \RXU GRFXPHQWDWLRQ LQ \RXL
&DQ \RX VHW XS D GHYHORSPHQW HQYLURQPHQW LQFOXGLQJ DQ\ OLEUDULH
'R \RX KDYH D VFKHGXOH ZLWK VPDOO ELQDU\ PLOHVWRQHV"

'R \RX HVYWLPDWH KRZ ORQJ WDVNV ZLOO WDNH EHIRUH \RX VWDUW DQG FRP
0 \RX UH ZRUNLQJ ZLWK RWKHUV RU GHYHORSLQJ VRIWZDUH WKDW RWKHU S
' 'R \RX WHVW \RXU LQWHUIDFHV XVLQJ SDSHU SURWRW\SHV EHIRUH LPSOHPF
' 'V WKHUH D VHDUFKDEOH DUFKLYH Rl GLVFXVVLRQV DERXW WKH SURMHFW"
' 'R WHDP PHPEHUV ZULWH DQG VKDUH VPDOO WRROV IRU DXWRPDWLQJ FRPP
' "RHV \RXU VFKHGXOH DOORZ IRU LQIUDVWUXFWXUH GHYHORSPHQW WUDLQL

$QG \RXU VFRUH LV"

6R ZK\ DUH ZH ZKHUH ZH DUH"

W V GLIILFXOW WR OHDUQ WKHVH WKLQJV IURP DFDGHPLF FRPSXWHU VFLHQ'
' &6 UHVHDUFK LV PRUH FRQFHUQHG ZLWK UDSLG SURWRW\SLQJ WKDQ ZLWK
B3HRSOH DUH QDWXUDOO\ VFHSWLFDO RI LQQRYDWLRQ

" 3 DUWLFXODUO\ DIWHU WKH\ YH VHHQ D IHZ EDQGZDJRQV UROO WKURXJK

" *ODVV VXDDVY @ DQ\ QHZ zZD\ RI GRLQJ WKLQJV LQLWLDOO\ VORZV \RX GR:
<RX RQO\ KDYH WR EH DV JRRG DV WKH FRPSHWLWLRQ

" $PHULFDQ DXWR PDNHUV LQ WKH Vv

7KLY FRXUVH V DSSURDEFK

, QWURGXFH VRPH EDVLF WRROV

" 6WXGHQWYV LPPHGLDWHO\ VHH EHQHILW RI WDNLQJ WKH FRXUVH

" 7TRROV FDQ EH XVHG WR PDQDJH WKH FRXUVH LWVHOI

6KRZ VWXGHQWY KRZ WR EXLOG WRROV OLNH WKHVH

" :KHUH 3KRZ" LQFOXGHV ERWK ZKDW JRHV LQWR WKH VRIWZDUH DQG KRZ WHEF
" 6ROLGLILHY XQGHUVWDQGLQJ RI WRROV FDSDELOLWLHY DQG OLPLWDWLRQ
" ODNHV GLVFXVVLRQ RI WHFKQLTXH PRUH FRQFUHWH

6KRZ VWXGHQWYV ZKDW HOVH WKH\ FDQ GR ZLWK WKHLU QHZ VNLOOYV

" 7KH ULJKW zZD\ WR WDFNOH LVVXHV WKDW FRPH XS RYHU DQG RYHU DJDLQ

.H\ SRLQW DYRLG RYHUORDG

BHRSOH ZKR DOUHDG\ NQRZ WKHVH WKLQJV WHQG WR XQGHUHVWLPDWH KRZ
1R SRLQW SUHDFKLQJ WR WKH FRQYHUWHG
7U\ LQVWHDG WR PRYH WKH PLGGOH RI WKH EHOO FXUYH WR WKH ULJKW

K\'LV WKH FRXUVH FDOOHG VRIWZDUH :FDUSHQWU\""

%HFDXVH LW IRFXVHV RQ WKH GHWDLOV RI WKH FUDIW

.l VRIWZDUH HQJLQHHULQJ LV DERXW EXLOGLQJ DQ HOHFWURQLF YHUVLRQ R
DQ HIWHQVLRQ RQ WKH KRXVH
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' BKHOO SURJUDPPLQJ
' 9HUVLRQ FRQWURO

' $XWRPDWLQJ EXLOGV

' 3\WKRQ OHFWXUHV

' 6\WWHPDWLF GHEXJJLQJ

' +LJKHU OHYHO SURJUDPPLQJ OHFWXUHV

' JHVWLQJ OHFWXUHV

' &RGLQJ VW\OH DQG UHDGLQJ FRGH

' 'DWD FUXQFKLQJ OHFWXUHYV

' *HE SURJUDPPLQJ DQG VHFXULW\ OHFWXUHYV

' BRIWZDUH GHYHORSPHQW SURMHFW WRROV DQG SURFHVVHV OHFWXU

" 6RPH SUHYLRXV SURJUDPPLQJ H[SHULHQFH
' IRUORRBMNVKHHO VH
)XQFWLRQ FDOOV
' $UUD\V
' YJLOH , 2
&RPSLODWLRQ
" . QGLYLGXDO VHWXS
' 3\WKRQ YHUVLRQ RU KLJKHU
' &\JZLQ RQ :LQGRZV
' $Q HGLWRU
'H OO ORRN DW VPDUW RQHV ODWHU LQ WKH FRXUVH
' 6XEYHUVLRQ
' 'H OO0 VSHQG D OHFWXUH RQ WKLV QH[W ZHHN
" 7LPH
([SHFW WR VSHQG KRXUV RXWVLGH FODVV IRU HDFK OHFWXUH

"3, 1 \RX RQO\ KDYH WLPH WR UHDG RQH ERRN PDNH WLPH WR UHDG WZR
*ODVV @ VXPPDUL]HV ZKDW ZH DFWXDOO\ NQRZ DERXW SURJUDPPHUV SURG.
" XQW T7KRPO DOAQSHUOR® DUH DERXW WKH WKLQJV WKDW GLVWLQJXLVK Jl
" ¥XW] $VEFKH® LV WKH VWDQGDUG LQWURGXFWLRQ WR 3\WKRQ
B3LOJULR® LV DOVR JRRG DQG LV DYDLODEOH RQ OLQH
¥DQIJWDQJH®&® LV D FRPSUHKHQVLYH LQWURGXFWRQ WR 3\WKRQ DLPHG VTXDUHI
" *RHV LOWR PXFK PRUH GHWDLO WKDQ WKLV FRXUVH ZLOO
" % XW GRHVQ W DGGUHVYV EURDGHU LVVXHV VXFK DV SURJUDPPLQJ SUDFWLF
6HH WHHOLRIRD SKWKHUV
" &KHFN RXW VRAHOR D W K IH \DR/XDH 6 ©

' &RGH IUDJPHQWYV
' &RPPDQGV

" 'HILQLWLRQV
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' HOHPHQWYV !

' ODWKHPDWLFV

' ©5HJXODU H[SUHVVLRQV~
' 6WULQJV

' 7DJV

" SWWULEXWHYV

' 85/V

Version Control

'UDIW 9HUVLRQ

" :DQW WR ZRUN RQ RQH VHW RI ILOHVY RQ WKUHH GLIITHUHQW PDFKLQHV
" +RPH RIILFH D IULHQG V
" 2SWLRQ XVH D VKDUHG ILOH V\VWHP
'LIILEFXOW WR VHW XS
$QG HYHQ PRUH GLIILFXOW WR PDNH VHFXUH
" ,QIOH[LEOH ZKDW LI \RX UH RQ WKH URDG"
" 2SWLRQ &DUU\ DURXQG D IORSS\ RU 86% GRQJOH
+DYH WR UHPHPEHU WR FRS\ ILOHVY RQWR LW DQG WKHQ RII DIJDLQ
:KDW LI \RXU SURMHFW LV WRR ELJ"
" 2SWLRQ PDLO )73 6&3 HWF
" 6WLOO KDYH WR UHPHPEHU WR SXVK DQG SXOO H[DFWO\ WKH ULJKW ILOHV D
" 2SWLRQ JHW WKH FRPSXWHU WR GR WKH ZRUN
.HHS D PDVWHU FRS\ LQ RQH SODFH
" 8VH D SURJUDP WR VI\QFKURQL]H ZRUNLQJ FRSLHVY ZKHQ DQG DV QHHGHG

' 2IWHQ ZDQW WR XQGR FKDQJHV WR D ILOH
6WDUW ZRUN UHDOL]H LW V WKH ZURQJ DSSURDFK ZDQW WR JHW EDFN WR V
" JLNH 3XQGR’ LQ DQ HGLWRU«
«EXW ORQJHU OLYHG2NHHS WKH ZKROH KLVWRU\ RI HYHU\ ILOH IRUHYHU
' 6LPLODUO\ RIWHQ ZDQW WR VHH ZKR FKDQJHG ZKDW DQG ZKHQ
‘KHQ ZRUNLQJ LQ WHDPV ZDQW WR VHH ZKDW \RXU SDUWQHUV GLG
' % XJV DUH PRUH OLNHO\ WR EH LQ IUHVK FRGH WKDQ LQ FRGH WKDW V EHHQ

" 6ROYH ERWK SUREOHPV DWURQRE ERXWARRIODV\VWHP
" OHFKDQLFYV
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.HHS WKH PDVWHU FRS\ RI HYHERYLOWHRRUD D FHQWUDO
$SFWXDOOD ®ROHHSHUVLRQV RI HYHU\ ILOH
" (YHU\RQH RQ WKH GHYHORSPHQW WRIDWLGRHWRSMKHLU ZRUN LQ D
" 'KHQ \RX UH UHDG\ WR VKDUHRRRWWHKD Q/FRHWKHWRXHSRVLWRU\
7KH 9&6 VDYHV WKH ROG YHUVLRQ RI WKH ILOH WKHQ ZULWHV \RXU FKDQJHV
$OVR UHFRUGY WKH WLPH RI WKH FKDQJH ZKR PDGH LW DQG D FRPPHQW
" 7TDNH D ORRN LQ D PRPHQW DW ZKDW KDSSHQV LI WZR RU PRUH SHRSOH WU\

' 7ZR RSHQ VRXUFH YHUVLRQ FRQWURO V\WVWHPV LQ ZLGHVSUHDG XVH
' 0DQ\ RWKHUV DYDLODEOH FRPPHUFLDOO\
' 1 \RX FDQ DI R3HW IRV FX¥IV H
' 896 &RQFXUUHQW 9HUVLRQ 6\VWHP
,QYHQWHG LQ WKH v
' 9HU\ SRSXODU EXW VKRZLQJ LWV DJH
' )ODZ LW NHHSV WUDFN RI HDFK ILOH VHSDUDWHO\
%XW DXWKRUV RIWHQ FKDQJH VHYHUDO ILOHV LQ WDQGHP

6LQFH &96 KDV QR QRWLRQ RI D SEDWFK VXEPLW~ WKHUH V QR UHOLDEOH Z
FROQMXQFWLRQ ZLWK WKLV RQH""

' )ODZz \RX FDQ FUHDWH QHZ GLUHFWRULHV EXW FDQ W HYHU GHOHWH ROG
" 6XEYHUVLRQ
'HVLIJIQHG DV D EDFNZDUG FRPSDWLEOH UHSODFHPHQW IRU &96 VWDUWLQJ LC
JLIHV ERWK RI WKH PDMRU IODZV LQ &96
" ODQ\ RSHQ VRXUFH SURMHFWY KDYH VZLWFKHG RU DUH VZLWFKLQJ«
" «VR ZH OO XVH LW LQ WKLV FRXUVH
6HH VWKHYHUVVRWH IRU GHWDLOYV

' $VVXPH IRU D PRPHQW WKDW D UHSRVLWRU\ KDV EHHQ FUHDWHG DQG !
FRSLHV
6HH EHORZ KRZ WR GR WKLV
' 5RQ ZDQWV WR PDNH FKDQJHV WR WKH URWRU VSLQ VLPXODWLRQ
' 5XQVYQ XSGBMRHEULQJ KLV FRS\ XS WR GDWH ZLWK WKH UHSRVLWRU\
(GLWSLQ FQBSLQ K
5XQVYQ FRPRMMRAVVDYH WKRVH FKDQJHV LQ WKH UHSRVLWRU\
' 1IRWH WKH ZKROH UHSRVLWRU\ JHWV D QHZ YHUVLRQ QXPEHU
' 5RQ UHDOL]HV WKDW KH IRUJRW WR PDNH RQH FKDQJH
5XQVYQ XSGDWH.Q MXVW LQ FDVH +HUPLRQH KDV DOVR EHHQ PDNLQJ FKDQJ

' (GLWSLQ FIJDLQ
5XQVYQ FRPBLWHFRQG WLPH

' BHYHUDO KRXUV ODWHNUY Q+¥SYCRBROKHUXARWUNLQJ FRS\
6XEYHUVLRQ FRSLHVY 5RQ V FKDQJHY LQWR KHU GLUHFWRU\
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J)LIXUH %DVLF 8VH

' 2QH ZD\ WR XVH 6XEYHUVLRQ LV WR W\SH FRPPDQGV LQ D VKHOO
*XDUDQWHHG WR ZRUN HYHU\ZKHUH ZLWKRXW DQ\WKLQJ HOVH EHLQJ LQVWD (
%XW WKHUH DUH VHYHUDO JRRG JUDSKLFDO LQWHUIDFHYV IRU 6XEYHUVLRQ W

' 5DSLG6UXQV RQ :LQGRZV /LQX[ DQG ODF
:HOO PD\EH 3ZDONV" LV D EHWWHU GHVFULSWLRQ2DV RI 9HUVLRQ LW V QI
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JLIXUH 5DSLG691

" 7TRUWRLVH®ID :LQGRZV VKHOO H[WHQVLRQ
KLFK PHDQV WKDW LW LQWHJUDWHY ZLWK WKH :LQGRZV ILOH EURZVHU UDW
%XW WKDW DOVR PHDQV WKDW LW GRHVQ W ZRUN RQ /LQX[ RU ODF
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JLIXUH 7TRUWRLVHG691

" $QG LI \RX UH RQ D ODEPQWWG &1 WKHUH V

" :KDW LI WZR RU PRUH SHRSOH ZDQW WR HGLW WKH VDPH
2SWLRQ SUHYHQW LW

ILOH DW WKF

' 2Q0\ DOORZ RQH SHUVRQ WR KDYH D ZULWHDEOH FRS\ RI WKH ILOH DW RQF

" BHVVLPLVWLFE FRQFXUUHQF\
OLFURVRIW 9LVXDO 6RXUFHG6DIH
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2SWLRQ SDWFK XS DIWHUZDUGYV

2SWLPLVWLFE FRQFXUUHQF\
"3, W V HDVLHU WR JHW IRUJLYHQHVV WKDQ SHUPLVVLRQ’
' &96 3HUIRUFH 6XEYHUVLRQ

JLIXUH OHUJLQJ &RQIOLFWV

' 5RQ DQG +HUPLRQH ERWKSKDRYHH BERISREV RI

iLQW PD[5SRWDWHG6HWWLQJ LQW DYDLODEOH LQW OHQJWK
N

LQW L PD[)RXQG
LI OHQJWK A
UHWXUQ

IRU L L OHQJWK L A
LI DYDLODEOH>L@ ! PD[)RXQG *
PD[)RXQG DYDLODEOH>L@

UHWXUQ PD[)RXQG

' 5BRQ FRPPLWYV KLV FKDQJHV
" &UHDWHMW FHUVLRQ

JLQG PD[LPXP URWDWLRQ VHWWLQJ IURP WKRVH DYDLODEOH
: RU LIl QRQH DUH DYDLODEOH
iLQW PD[5SRWDWH6HWWLQJ LQW DYDLODEOH LQW OHQJWK
N

LQW L PD[)RXQG
LI OHQJWK A
UHWXUQ

IRU L L OHQJWK L n
LI DYDLODEOH>L@ ! PD[)RXQG ~
PD[)RXQG DYDLODEOH>L®@

UHWXUQ PD[)RXQG

" OHDQZKLOH +HUPLRQH LV HGLWLQJ KHU FRS\ DQG SURGXFHV WKLV
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" )LQG PD[LPXP URWDWLRQ VHWWLQJ RU
LQW PD[SRWDWH6HWWLQJ LQW DYDLODEOH LQW OHQJWK
VAN

LQW L PD[)RXQG
IRU L L OHQJWK L A
LI DYDLODEOH>L@ ! PD[)RXQG ~
PD[)RXQG DYDLODEOH>L@

UHWXUQ PD[)RXQG

" 7ULHV WR VXEPLW KHU FKDQJHV FRQIOLFW
" 6XEYHUVLRQ SXWV ERWK 5RQ V DQG +HUPLRQH V FKDQJHV LQ +HUPLRQH V ZF

J)LQG PD[LPXP URWDWLRQ VHWWLQJ RU

J)LQG PD[LPXP URWDWLRQ VHWWLQJ IURP WKRVH DYDLODEOH
. RU LI QRQH DUH DYDLODEOH
o
LQW PD[SRWDWHB6HWWLQJ LQW DYDLODEOH LQW OHQJWK
VAN

LQW L PD[)RXQG
IRU L L OHQJWK L A
LI DYDLODEOH>L@ ! PD[)RXQG A
PD[)RXQG DYDLODEOH>L@

UHWXUQ PD[)RXQG

$OVR FUHDVOHN PLQSILQ F DQMSBLQ F IRU UHIHUHQFH
" +HUPLRQH PXVW GHFLGH ZKDW WR NHHS DQG ZKDW WR WKURZ DZD\
6XEYHUVLRQ ZRQ W OHW KHU FRPPLW KLV FKDQJHV XQWLO DOO WKH FRQIO
2QFH +HUPLRQH LV GRQH HGLWLQJ VKH
' 5XQVYQ UHVROYHG WRLYHOO 6XEYHUVLRQ WKH FRQIOLFW KDV EHHQ IL[HG

" 7KH GLVFXVVLRQ DERYH UHIHWSLHGFERWYHYYVYLDRW WKHUH LV QR VXFK Wtk

", QVWHDG WKHUH V YHUVLRQ UHBBVLWRU\ « RI WKH
8VHUV DUH VXSSRVHG WR WU\ WR NHHS WKH ILOHV LQ WKH UHSRVLWRU\ LQ C
', H GRQ W VXEPLW WKLQJV WKDW DUH KDOI GRQH
6LQFH WKH QH[W SHUVRQ WR GR DQ XSGDWH ZRXOG WKHQ EH LQ WKH VDPH
6XEYHUVLRQ WKHUHIRUH XSGDWHV WKH YHUVLRQ QXPEHU RQ WKH ZKROH UH
(DFK FKDQJH VHW FDQ DIIHFW DQ\ QXPEHU RI ILOHV LQFOXGLQJ DGGLQJ RL
' 7KH SKUDVH 3YHUVLRQ ~ WKHUHIRUH XQLTXHO\ LGHQWLILHY DQ HQWLUH VH

8QOLNH &96 DQG RWKHU V\VWHPYV ZKHUH YHUVLRQ Rl RQH ILOH PLJKW F
Rl D WKLUG

" 6XEYHUVLRQ FDQ RQO\ PDUN FRQIOLFWYV WKLV ZD\ LQ WH[W ILOHV
", H ILOHV WKDW VWRUH OLQHV RI KXPDQ UHDGDEOH FKDUDFWHUV
6RXUFH FRGH +70/2EDVLFDOO\ DQ\WKLQJ \RX FDQ HGLW ZLWK 1RWHSDG 9L
" ,PDJHV YLGHR FOLSV OLFURVRIW :RUG DQG PDQ\ RWKHU IRUPDWYV DUF
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'KHQ WKHUH V D FRQIOLFW 6XEYHUVLRQ VDYHV \RXU FRS\ DQG WKH PDVWHU
8S WR \RX WR UHVROYH WKH GLIIHUHQFHV

" 6XSSRVH 5RQ GHFLGHV WKDW KH GRHVQ W OLNH KLV UHFHQW FKDQJHYV
VYQ GLZILOO VKRZ KLP ZKLFK ILOHV KH KDV FKDQJHG DQG ZKDW WKRVH FKDQ

" , \RX ILQG \RXUVHOI GRLQJ WKLV UHSHDWHGO\ \RX VKRXOG SUREDEO\ JR D
"1RZ VXSSRVH WKDW 5RQ GHFLGHY KH GRHVQ W OLNBLWKH FKDQJHV +HU
' :DQWV WR GR WKH HTXLYDOHQW RI 3XQGR’ RQ VHYHUDO ILOHV
VYQ ORKRZV UHFHQW KLVWRU\
' +H GHFLGHV KH ZDQWV WR UHYHUW WR YHUVLRQ RI WKH UHSRVLWRU\
' VYQ PHUJH U VSPEDFQV *PHUJH FKDQJHV JRLQJ IURP YHUVLRQ WR YHU

&DQ REYLRXVO\ JR EDFN WR HYHQ HDUOLHU YHUVLRQV WR XQGR PRUH FKDC(

JLIXUH 8QGRLQJ &KDQJHYV

" 7R FUHDWH D UHSRVLWRU\
" '"HFLGH ZKHUH WR WBRXWRIUWJ HS R
*R LQWR WKH FRQWPBGQ UVRWRIWHFWRU\

' &DQ WKHQ LQWHUDFW ZLWK UHSRVLWRU\ LQ WZR ZD\V
" 'LUHFWO\ WKURXJK W&H |ILORWRUVBHHPS R
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8VH WKLV LI \RX UH ZRUNLQJ RQ WKH VDPH PDFKLQH WKH UHSRVLWRU\ LV R
7TKURXJK D ZHEKWWBYHURXU KRVW QDPH URWRU UHSR

8VH WKLV LI WKH UHSRVLWRU\ LV RQ D UHPRWH PDFKLQH

1RWH UHTXLUHV \RXU VA\VWHP DGPLQLVWUDWRU WR FRQILIJXUH WKH ZHE VF

KWW S\QVWHODBWBIHDQV 3XVH D VHFXUH FRQQHFWLRQ®
' 7R JHW D ZRUNLQJ FRS\ DVVXPLQJ \RX UH XVLQJ D ZHE VHUYHU
VYQ FKHENRXW KWWSV__\RXU KRVW QDPH URWRU UHSR

&UHDWHY D QHBHIRJIHFWRU\

" &RPPRQ WR JLYH LW D PRUH LOIRQ FBWEMR QWD RWWEVQJIRXU KRVW QDPH UR
URWRUSURMHFW

Name Purpose Example

VYQ DGG $GG ILOHV DQG RU GLWHHVWBGGHYHZR HUWVOQRQAGLU

””””” FRQWURO

VYQ *HW D IUHVK ZRUNLQJ WVR\FRKHFNRXW KWWSV \RXU KRVW QDPH URW
FKHFNRXWHSRVLWRU\ URWRUSURMHFW

YHUVLRQ FRQWURO
VYQ KHOS*HW KHOS LQ JHQHUD YRUKIHRQWSDXSGDWH

SDUWLFXODU FRPPDQG
VYQ ORJ 6KRZ KLVWRU\ RI UHFHWYWQ FKPRJINWUERVH F

LQWR RQH
VYQ PNGLBUHDWH D QHZ GLUHFWRQ\ PN)GSL S XM ZRR G X O H

XQGHU YHUVLRQ FRQWURO

VYQ UHQDPHQDPH D ILOH RU GLUWFW RHYQ DNHHBIHPIS W[W UHOHDVHBQRWHV W[W
”””””” WUDFN RI KLVWRU\

VYQ UHYHB®GR FKDQJHV WR ZRUWYQ UARSWUW MSLQ K

UHVI\QFKURQL]H ZLWK UHSRVLWRU\
VYQ VWDWXKWRZ WKH VWDWXV RI LYGWWNRW XV

GLUHFWRULHV LQ WKH ZRUNLQJ FRS\
VYQ XSGDWHLQJ FKDQJHV IURP UHSRXBWRWHLQWR

ZRUNLQJ FRS\ ERFPUWH RI

7TDEOH &RPPRQ 6XEYHUVLRQ &RPPDQGYV

"VYQ VWDMRASDUHYV \RXU ZRUNLQJ FRS\ ZLWK WKH UHSRVLWRU\ SULQWL

$ svn status
‘M spin.c
‘MC  readme.txt

VSLQ KDV EHHQ PRGLILHG
" UHDGPH WDW EHHQ PRGLILHG DQG KDV FRQIOLFWYV
"VYQ XSGBWHQWY RQH OLQH IRU HDFK ILOH RU GLUHFWRU\ LW GRHV VRP

- VYQ XSGDWH
‘A newspin.c
‘U spin.c
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QHZVSL®DOFV EHHQ DGGHG

' VSLQ KDV EHHQ XSGDWHG L H VRPHRQH HOVH PRGLILHG LW
7KHUH V D FRYLQLEW LQ

:KLFK \RX OO0 KDYH WR UHVROYH EHIRUH \RX FDQ FRPPLW \RXU FKDQJHV

6RPHWLPHY ZDQW WR ZRUN RQ VHYHUDO GLIIHUHQW YHUVLRQV RI VRIW

" ([DPSOH QHHG WR GR EXJ IL[HV RQ 9HUVLRQ ZKLOH PDNLQJ LQFRPSDWLEOF
2U ZDQW WZR VHWV Rl GHYHORSHUV WR EH DEOH WR ZULWH DQG WHVW ODUJ

$00 PRGHUQ YHUVLRQ FRQW UERD®D WFKWISRY IDMORORZ \RX WR

' &UHDWH D 3SDUDOOHO XQLYHUVH" ZKLFK LV LQLWLDOO\ WKH VDPH DV WKH R

YLIXUH %UDQFKLQJ DQG OHUJLQJ

OXFK EHWWHU WKDQ MXVW FRS\LQJ DOO WKH VRXUFH ILOHVY WKH YHUVLRQ F
FDQ WUDFH LWV KLVWRU\ EDFN

&DQ OPMHBEKDQJHY IURP RQH EUDQFK WR DQRWKHU

" ([DPSOH IL[ D EXJ RQ RQH EUDQFK PHUJH WKH FKDQJHV LQWR RWKHU EUDQTF

' $JDLQ PXFK EHWWHU WKDQ FRS\LQJ E\ KDQG VLQFH WKH YHUVLRQ FRQWURC
ZKHUH WKH\ ZHQW

" :DUQLQJ PDQ\ SHRSOH EHFRPH RYHU H[FLWHG DERXW EUDQFKLQJ ZKHC
.HHSLQJ WUDFN RI ZKDW V JRLQJ RQ ZKHUH FDQ EH D FRQVLGHUDEOH PDQDJI
2Q b VPDOO SURMHFW YHU\ UDUH WR QHHG PRUH WKDQ WZR DFWLYH EUDQF!

Exercise 3.1:

JROORZ WKH LQVWUXFWLRQV JLYHQ WR \RX E\ \RXU LQVWUXFWRU WR FKHFN RXYV
FRXUVH 8QOHVV RWKHUZLVH QRWHG WKH H[HUFLVHV EHORZ DVVXPH WKDW \RX
GLUHFWRUBRRDUBRIG ZLOO VXEPLW DOO RI \RXU H[HUFLVHV LQ WKLV FRXUVH E\ F
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Exercise 3.2:

&UHDWHFBXUUH H[ ELR WMMBRXUYM WKH URRW RI \RXU ZRUNLQJ FRS\ RI \RXU 6>
ZULWH D VKRUW ELRJUDSK\ RI \RXUVHOI ZRUGV RU VR RI WKH NLQG XVHG LC
&RPPLW WKLV ILOH WR \RXU UHSRVLWRU\ 5HPHPEHU WR SURYLGH D PHDQLQJIXC(

Exercise 3.3:

FKDQJHV

2QFH \RX KDYH FRPPLWWHG VRXQUORKD DFFRX UBMIHHFWRU\ I \RX GLGQ W NQRZ ZKI

ZRXOG \RX EH DEOH WR ILJXUH LW RXW IURP WKH ORJ PHVVDJHV" ,I QRW ZK\ QR

Exercise 3.4:

,Q WKLV H[HUFLVH \RX OO VLPXODWH WKH DFWLRQV RI WZR SHRSOH HGLWLQJ D
RI \RXU UHSRVLWRU\ 2QH ZD\ WR GR WKLV LV WR XVH D VHSDUDWH FRPSXWHU

WKH ODE $QRWKHU LV WR PDNH D WHPSRUDU\ GLUHFWRU\ DQG FKHFN RXW D V
WKDW WKH VHFRQG FRS\ LVQ W LQVLGH WKH ILUVW RU YLFH YHUVD26XEYHUVLR

/IHW V FDOO WKH WZR ZRUNLQJ FRSLHVY %OXH DQG *UHHQ 'R WKH IROORZLQJ

D &UHPOHH H[ SODQHWNQHGWGG WKH IROORZLQJ OLQHYV

"OHUF XU\
9HQXV
(DUWK
0DUV
-XSLWHU
" 6DWXUQ

&RPPLW WKH ILOH
E 8SGDWH WKH *UHHQ UHSRVLWRU\S ODRHWKRWO/E JHW D FRS\ RI

F &KDQJHXH H[ SODQHWWR WHKMDW LW UHDGYV

OHUF XU\
9HQXV
(DUWK
0DUV
-XSLWHU
6DWXUQ

&RPPLW WKH FKDQJHV

G (GUWHQ H[ SODQHWW W[RDW LWV FRQWHQWYV MRAARIYQ KRZQWVEMRORZHGRWLQJ
DV WKDW ZLOO VSRLO WKH H[HUFLVH

"OHUFXU\

9HQXV

(DUWK

0DUV

-XSLWHU DQG FRXQWLQJ
" 6DWXUQ DQG FRXQWLQJ

H 1RZ LQ *UYMHQ XGBEDMWHEYHUVLRQ VKRXOG WHOO \RXSWBEKQWW KGHWRDYH WKGI G

VR WKDW WKH ILOH FRQWDLQV
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&RPPLW WKH FKDQJHYV
I 8SGDWH WKH % OXH UHSR\BIOWRBI\W DOWAAKIHF W VK YWPH FRQWHQW DV LW KDV L
Exercise 3.5:

$GG DQRWKHU OERXURH WZRBYRDWMWFRPPLW WKRVH FKINVQIHFHBMRN Q@ HXYWRUH WK
FROWHQWY RI \R¥XBRX>XURAUISKELR WG FRPPLW WKH UHVXOW LKAMMKRXOGH BRN
ZD\ LW GLG DW WKH HQG Rl WKH ILUVW SDUW RI WKH SUHYLRXV H[HUFLVH I1RW
LQ WLPH WR JHW ROG YHUVLRQV RI ILOHV2ZKLOH LBAL Z RA QR XEHDWL WS QHHW LQEWK L

\RX YH PDGH ODUJHU FKDQJHVY WR PXOWLSOH ILOHV RYHU D ORQJHU SHULRG R

WRS

Shell Basics

'UDIW 9HUVLRQ

' ORVW PRGHUQ WRROV KDYH D JUDSKLFDO XVHU LQWHUIDFH *8,
%HFDXVH WKH\ UH HDVLHU WR XVH
" %XW FRPPDQG OLQH XVHU LQWHUIDFHV &/8,V VWLOO KDYH WKHLU SOD
' (DVLHU IDVWHU WR EXLOG QHZ &/8, WRROV
'’ %XLOGLQJ D *8, WDNHV WLPH
% XLOGLRRGD, WDNHV D ORW RI WLPH
+LJKHU DFWLRQ WR NH\WVWURNH UDWLR
' 2QFH \RX UH RYHU WKH VWHHSHU OHDUQLQJ FXUYH
' (DVLHU WR VHH DQG XQGHUVWDQG ZKDW WKH FRPSXWHU LV GRLQJ RQ \RXU E
"KLFK LV SDUW RI ZKDW WKLV FRXUVH LV DERXW
ORVW LPSRUWDQW LW V HDVLHU WR FRPELQH &/8, WRROV WKDQ *8, WRROV
' 6PDOO WRROV FRPELQHG LQ PDQ\ ZD\V FDQ EH YHU\ SRZHUIXO
' 5D\ 5D\ @ LV D JRRG LQWURGXFWLRQ IRU QHZFRPHUV
$QG GHVSLWHHIWVIXIDH) > 3@NHY VWLOO XVHIXO
' +RZ WR WHOO LI \RX FDQ VNLS WKLV OHFWXUH
' 'R \RX NQRZ ZKDW D VKHOO LV"
\RX NQRZ WKH GLIIHUHQFH EHWZHHQ DQ DEVROXWH SDWK DQG D UHODWLY
\RX NQRZ ZKDW D SURFHVV LV"
\RX NQRZ ZKDW D SLSH LV"
\RX NQRZ Z&KDAW "
\RX NQRZUZKDWU PHDQV"

0V OO

" 7TKH PRVW LPSRUWDQW FRPFRB®BDOL) RKWBIROMOW WKADOOHG SWKH VKHOC
ODQDJHV D XVHU V LQWHUDFWLRQV ZLWK WKH RSHUDWLQJ V\VWHP E\
' 5SHDGLQJ FRPPDQGV IURP WKH NH\ERDUG
JLIXULQJ RXW ZKDW SURJUDPV WKH XVHU ZDQWV WR UXQ
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' 5XQQLQJ WKRVH SURJUDPYV
'’ '"LVSOD\LQJ WKHLU RXWSXW RQ WKH VFUHHQ
' JRRNV DQG ZRUNV OLNH DQ LQWHUDFWLYH WHUPLQDO FLUFD

YLIXUH $ BKHOO LQ $FWLRQ

' 7KH VKHOO LV MXVW RQH SURJUDP DPRQJ PDQ\
' 0DQ\ GLIIHUHQW RQHV KDYH EHHQ ZULWWHQ
' VKZDV WKH ILUVW IRU 8QL]
' ORVW RWKHUV H[WHQG LWV FDSDELOLWLHV LQ YDULRXV ZD\V
' :KLFK PHDQV WKDW LW V WKH ORZHVW FRPPRQ GHQRPLQDWRU \RX FDQ DOZ
' 'H 00 KWWKVKH %RXUQH DJDLQ VKHOO LQ WKLV FRXUVH
' $YDLODEOH MXVW DERXW HYHU\ZKHUH
' (YHQ RQ :LQGRZV &WIKDQNV WR
' ,Q FRQWURSYMWU DVMKLHD 1 ¥ RMWWW DQRWKHU SURJUDP
' $XWRPDWLFDOO\ ORDGHG ZKHQ WKH FRPSXWHU ERRWV XS
' 7KH RQO\ SURJUDP WKDW FDQ WDON GLUHFWO\ WR WKH FRPSXWHU V KDUGZD
' ,H UHDG FKDUDFWHUV IURP WKH NH\ERDUG RU VHQG GUDZLQJ FRPPDQGYV
' 0DQDJHV ILOHV DQG GLUHFWRULHV RQ WKH GLVN
' .HHSV WUDFN RI ZKR \RX DUH DQG ZKDW \RX UH DOORZHG WR GR
' <RX FDQ UXQ PDQ\ LQVWDQFHV RI WKH VKHOO RQ D FRPSXWHU DW RQFH EXW
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JLIXUH 2SHUDWLQJ 6\VWHP DQG 6KHOO

" 7TKHLOH VIMVWWWRH VHW RI ILOHVY DQG GLUHFWRULHVY WKH FRPSXWHU FDQ
" 3(YHU\WKLQJ WKDW VWD\V SXW ZKHQ \RX WXUQ WKH FRPSXWHU RII DQG UHVW
' 'DWD LV VWRUHG LQ ILOHV
%\ FRQYHQWLRQ ILOHV KDY B RWWHY SWHBR/PE DFPMRO OLNH
' ORVW RSHUDWLQJ VIVWHPV DQDRHEQRKXHVHRZ\DW & RE@ V8IS DLFDWLR Q
(J W[WV DVVRFLDWHG ZLWKWFPDLMGL W RZW EDENGRZV H U
' %XW WKLV LV DOO MXVW FRQYHQWLRQ \RX FDQ FDOO ILOHV DOPRVW DQ\WK
" YJLOHV DUH VWRUHG LQ GLUHFWRULHVY RIWHQ FDOOHG IROGHUV
'LUHFWRULHV FDQ FRQWDLQ RWKHU GLUHFWRULHV WRR
5HVXOWV LQ WWKHHPWROLDWUHH
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J)LIXUH $ 'LUHFWRU\ 7UHH

(YHU\WKLQJ LQ D SDUWLFXODU GLUHFWRU\ PXVW KDYH D XQLTXH QDPH
' 2WKHUZLVH KRZ ZRXOG \RX LGHQWLI\ LW"
* %XW LWHPV LQ GLIIHUHQW GLUHFWRULHV FDQ KDYH WKH VDPH QDPH
' 2Q 8QL[ WKH ILOH V\VWHRMR WDV L IDCHIROHI H
(YHU\ RWKHU GLUHFWRU\ LV D FKLOG RI LW RU D FKLOG RI D FKLOG HWF
' 2Q :LQGRZV HMKDHV LWV RZQ URRW GLUHFEWRU\
' 6R& ?KRPH?JYZLOVRQ?QRWBYIWWHQWRIPHRPYZLOVRQ?QRWHV W[W
"KHQ \RX UH XVLQJ &\JZLQ \BRX KRPHDOYRLDWRWRPH JYZLOVRQ
' 2U DF\JGULYH F KRPH JYZLOVRQ
6RPH 8QL[ SURJUDFP WEMHALDO PHDQLQJ VR &\JZLQ QHHGHG D ZD\ WR ZULWH
' $SDWW D GHVFULSWLRQ RI KRZ WR ILQG VRPHWKLQJ LQ D ILOH V\VWHP
$QDEVROXWH@EPWKHY D ORFDWLRQ IURP WKH URRW GLUHFWRU\ GRZQ
' (TXLYDOHQW WR D VWUHHW DGGUHVYV
' $0ZD\V VWDUWV ZLWK
(J KRPH JYZLOWRP\ KRPH GLUHFRRWYHD QZF OHF VKHO QVNZ¥ ILOH
$UHODWILGHVFDWEHY KRZ WR ILQG VRPHWKLQJ IURP VRPH RWKHU ORFDWLRQ
(TXLYDOHQW WR VD\LQJ 3)RXU EORFNV QRUWK DQG VHYHQ HDVW~’
' (J IURRXUVHV VWRH UHODWLYH SOMFKVWR OMKVYHALOH LV
" (YHU\ SURJUDP LQFOXG LB UNKIH WKHOWON LKQDIVGR. UHFW R U\
3:KHUH DP ,"
' SHODWLYH SDWKV DUH GHFLSKHUHG UHODWLYH WR WKLV ORFDWLRQ
' W FDQ FKDQJH ZKLOH D SURJUDP LV UXQQLQJ
" JLQDOO\ WZR VSHFLDO QDPHV
PHDQV 3WKH FXUUHQW GLUHFWRU\"
PHDQV 3WKH GLUHFWRU\ LPPHGLDWHO\ DERYH WKLV RQH
' $OVR FDODMHEHWWHGLUHFWRU\
' QFRXUVHV VZF GDWBRXUVHV VZF
,QFRXUVHV VZF GDWD HOHRFRXWUWHY VZF GDWD
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JLIXUH SDUHQW 'LUHFWRULHYV

" (DVLHVW zZD\ WR OHDUQ EDVLF 8QL[ FRPPDQGYV LV WR VHH WKHP LQ DFW
" JLUVW SAGVSRUW IRU SULQW ZRUNLQJ GLUHFWRU\" WR ILQG RXW ZKHL
" 8QIRUWXQDWHO\ PRVW 8QL[ FRPPDQGY KDYH HTXDOO\ FU\SWLF QDPHYV

pwd
fhomefguwilson/swe

", WKHQOWVYBH 3OLVWLQJ" WR VHH ZKDW V LQ WKH FXUUHQW GLUHFWRU\
Is
}LICENSE.txt admin data graphics lec pdf scraps util
Makefile cgi-bin etc  img mp3 publ src  web

' :KDW DFWXDOO\ KDSSAB®RW ZKHQ , W\SH

" 7TKH RSHUDWLQJ V\VWHP UHDGV FKDUDFWHUV IURP WKH NH\ERDUG

" 3DVVHV WKHP WR WKH VKHOO EHFDXVH LW V WKH FXUUHQWO\ DFWLYH ZLQGI

" 7TKH VKHOO EUHDNV WKH OLQH RI WH[W LW UHFHLYHV LQWR ZRUGV
/RRNV IRU D SURJUDP ZLWK WKH VDPH QDPH DV WKH ILUVW ZRUG L H WKH F
" '"HVFULEH LQ D PRPHQW KRZ WKH VKHOO NQRZV ZKHUH WR ORRN

" 5XQV WKDW SURJUDP

" GHDGV WKH SURJUDP V RXWSXW DQG VHQGY LW EDFN WR WKH RSHUDWLQJ V\

JLIXUH 5XQQLQJ D 3URJUDP

', FDQOWWBOSURGXFH PRUH LQIRUPDWLYHORXWSXW E\ JLYLQJ LW VRPH
" %\ FRQYHQWLRQ I10ODJDWWDRW @LWK
6KRZ GLUHFWRULHYV ZLWK WUDLOLQJ VODVK

%LICENSE.txt admin/ data/ exer/lec/ publ/ soln/ util/
:Makefile  cgi-bin/ etc/ img/ pdf/ scraps/ src/ web/

iIs -a

. .svn admin data

‘exer img lec publ soln

src util tmpl README.txt license.txt
‘todo.txt

" %\ GHIDMORHVQ W VKRZ DQ\WKLQJ ZKRVH QDPH EHJLQV ZLWK
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I1RWH WK&&LUHFWRU\ WKLV LV ZKHUH 6XEYHUVLRQ NHHSVY DGPLQLVWUDWLY
" 'ROQRMGLW DQ\WKLQJ LQ WKLV GLUHFWRU\ \RXUVHOI RU 6XEYHUVLRQ ZLOO

5DWKHU WKDQ PHVVLQJ ZLWK WKH FRXUVH ILOHVY OHW V FUHDWH D WH

IRWH QR RXWSXW
7KHY 3 YHUERVH" POBIWRH®WMW D FRQILUPDWLRQ PHVVDJH

1DPH (DUWK

3HULRG GD\V

,QFOLQDWLRQ

(FFHQWULFLWN
1RWHSDG RQ :LQGRZV UXQV LQ D ZLQGRZ RI LWV RZQ
' 3LFR RQ 8QL[ WDNHV RYHU WKH VKHOO ZLQGRZ WHPSRUDULO\
' 'H OO ORRN DW PRUH DGYDQFHG HGLWLQJ WRROV IRU SURJUDPPLQJ LQ D IHZ

(DVLHVW ZD\ WR FUHDWA XD WVLPWORD BREOMWKH RQH ZH KDYH
icp earth.txt venus.txt

s -t
ivenus.txt earth.txt

" I1RWH WKSWLRQWROMMWW QHZHVW ILUVW
&KHFN WKH FRQWHQWNDRW WRKWW LUBH XWRQBDWHQDWH-
-XVW SULQWYV WKH FRQWHQWY RI D ILOH WR WKH VFUHHQ

icat venus.txt
‘Name: Earth
Period: 365.26 days
Inclination: 0.00
'Eccentricity: 0.02

"1IDPH 9HQXV
'3HULRG GD\V
' ,QFOLQDWLRQ
(FFHQWULFLW\

‘wc earth.txt venus.txt
4 9 69 earth.txt
4 9 69 venus.txt
8 18 138 total

&ROXPQV VKRZ OLQHV ZRUGV DQG FKDUDFWHUYV
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" 6RPH FKDUDFWHUVGFDRHIMGVSHFLDO WKLQJVY WR WKH VKHOO
' PDWFKHV JHUR RU PRUH FKDUDFWHUV

" 6ROV | OLVWV DOO WKH )RUWUDQ ILOHV LQ D GLUHFWRU\

4 9 69 earth.txt
4 9 69 venus.txt
8 18 138 total

" "PDWFKHV DQ\ VLQJOH FKDUDFWHU
" 6ROV "" W[WM.VWV DOO WKH WH[W ILOHV ZLWK WZR OHWWHU SUHIL[HV

' $Q®V "" OLVWV DOO WKH ILOHV ZLWK WZR OHWWHU SUHIL[HV DQG DQ\ H[W
' aRQ LWV RZQ PHDQV 3P\ KRPH GLUHFWRU\"

', H WKH RQH , P LQ ZKHQ , ILUVW ORJ LQ
' aKDUB®PHDQV 3+DUU\ V KRPH GLUHFWRU\’

" 1RWH WKH VKHOO H[EBIREMEQIOWIFEPRBERDQGV

Exercise 4.1:

6XSSRVH \RX DUH LQ \RXU KEWHK RBZW MR W RAK\L \D Q G
Makefile  biography.txt data
‘enrolment.txt programs thesis

‘Makefile biography.txt data/
‘enrolment.txt programs/ thesis/

-earth.txt jupiter.txt  mars.txt
‘mercury.txt saturn.txt  venus.txt

:KDW FRPPDQG VKRXOG \RX UXQ WR JHW WKH IROORZLQJ RXWSXW

.data/earth.txt data/jupiter.txt data/mars.txt
‘data/mercury.txt data/saturn.txt data/venus.txt

‘total 7

drwxr-xr-x 7 someone 0 May 6 08:27 .svn

-rw-r--r-- 1 someone 2396 May 6 08:38 earth.txt

-rw-r--r-- 1 someone 1263 May 6 08:38 jupiter.txt

-rw-r--r-- 1 someone 1015 May 6 08:43 mars.txt

-rw-r--r-- 1 someone 946 May 6 08:41 mercury.txt

-rw-r--r-- 1 someone 1714 May 6 08:40 saturn.txt

rwrr 1someone 881 May 6 08:40 venus.txt

1RWH WKH FRPPDQG ZLOO GLVSODURRHR QXY WR P'H PDWKIHQUHWKD/&H FRPPDQG ZLO
' ,JQRUH WKHVH GLITHUHQFHV IRU WKH SXUSRVH RI WKLY TXHVWLRQ

Exercise 4.2:
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$FFRUGLQJ WR WKGDWDY WHRW RUWXERYH ZKRPHD®XWH DMGKMWRKHDIQ QRILWH LW L H
FRQWHQWY RU GHOHRHUEWU\ \HPWW. BPYXDQJHG" :KDW FRPPDQG ZRXOG \RX UXQ WHF
GHOHWH WKH ILOH"

Exercise 4.3:

6XSSRVH \RX ZDQW WR UHPRYH DOO ILOHV ZKRVH QDPHV QRW LQFOXGLQD@EHL
KDYM[WV HIWHQVLRQ :KDW FRPPDQG ZRXOG \RX XVH" )RU H[DP®OW[WEWKHW5 LU
DOBEFG W[WKH FRPPDQG VKREGGVIWERRWYEBRW WKH RWKHU WZR ILOHV

Exercise 4.4:

KDW GRHV WKHFGR&MRD QKDW BBERXIWZLOVRQ

Exercise 4.5:

'KDW V WKH GLIIHUHQFH EHWBH+H2QRWEB FRARDQGV

Exercise 4.6:

6XSSRVH \RX ZDQW WR OLVW WKH QD®BIWIR U BPWRW K NV K/H\MFAROIDWE BALQOY WKEMZ R U G
FRPPDQG RU FRPPDQGV FRXOG \RX XVH"

Exercise 4.7:

6 XSSRVH \RX KDYH ZULWW H@ DOS JHKDUWD FRFPDRODOHEG RU FRPPDQGY FRXOG \RX XVH V
RI LWV RXWSXW" :KDW ZRXOG \RX XVH WR GLVSOD\ OLQHVWPS W[MR VHQG OLQHV

Exercise 4.8:

7KH FRPPOQY&GDWD ! WPIWWHY D OLVDMADLIURFWRH\ V PRIV WORDY W.IOWOR WKDW ZI

ILOH EHIRUH WKH FRPPDQG ZDV UXQ LV RYHUZULWWHQ :KDW WRPEPWIQMY WRDOWG \|
Exercise 4.9:
:KDW FRPPDQG V ZRXOG \RX XVH WR ILQG RXW KRZ PHEWXGHE® HFMRMRULHY WKH
Exercise 4.10:

:KDW GBRAV FK:KDW DEHRXWFK@

Exercise 4.11:

‘KDW FRPPDQG V FRXOG \RX XVH WR ILQG RXW KRZ PDQ\ LQVWDQFHV RI D SURJI
H[DPSOH LI \RX DUH RQ :LQGRZV ZKDW ZRXOG \RX GRY KRR MMV BIYRIX WXIQRZ ® D'Q2 Q.

Exercise 4.12:

KDW GR WKH FRPPOERGED QBILUGR" :KHUH GR WKHLU QDPHV FRPH IURP™

Exercise 4.13:

+RZ ZRXOG \RX VHDG WK WVRMWKH GHIDXOW SULQWHU" +RZ ZRXOG \RX FKHFN LW
WKH SULQWHU DQG VWDQGLQJ WKHUH "

Exercise 4.14:
$ FROOHDJXH DVNV IRU \RXU GDWD ILOHVY +RZ ZRXOG \RX DUFKLYH WKHP WR VH

Exercise 4.15:
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7KH LQVWUXFWRU ZDQWV \RX WR XVH D KLWKHUWR XQNQRZQ FRPPDQG IRU PDQL
Exercise 4.16:

<RX KDYH FKDQJHG D WH[W ILOH RQ \RXU KRPH 3& DQG PDLOHG LW WR WKH XQL
FKDQJHV \RX PD\ KDYH PDGH FRPSDUHG ZLWK D PDVWHU FRS\ LQ \RXU KRPH GLI

Exercise 4.17:
+RZ ZRXOG \RX FKDQJH \RXU SDVVZRUG™"
Exercise 4.18:

JUHBVY RQH RI WKH PRUH XVHIXO WRROV LQ WKH WRROER[ ,W ILQGV OLQHV LQ Il

"1DPH (DUWK
'3HULRG GD\V
,QFOLQDWLRQ
(FFHQWULFLW\

-earth.txt:Period: 365.26 days
ivenus.txt:Period: 224.70 days

6XSSRVH DOO \RX ZDQWHG zZDV D OLVW RI WKH ILOHV WKDW FRQWDLQHG OLQHV
WKHPVHOYHV2ZKDW 10DJ RU |IQDHSE: KX Gl \WRXX ADGHWHRE WKH OLQH QXPEHUV RI P

Exercise 4.19:

GLINLQGY DQG GLVSOD\V WKH GLITHUHQFHY EHWZHHQ WZR ILOHV ,W ZRUNV EHYV

VSUHDGVKHHWY %\ GHIDXOW LW VKRZV WKH GLIIHUHQFHYVY LQ JURXSY OLNH W

,QFOLQDWLRQ

1 ,QFOLQDWLRQ GHJUHHV
L BDWHOOLWHY

7KH UDWKHU FU\$WL FPKHHHDG/HWKDW OLQH RI WKH ILUVW ILOH PXVW EH FKDQJH(

:KDW IODJ V VKRXCQAGWRXWHGEH LW WR LIQRUH FKDQJHV WKDW MXVW LQVHUW RU

FKDQJHV LQ FDVH L H WUHDW ORZHUFDVH DQG XSSHUFDVH OHWWHUV DV WKH
Exercise 4.20:

6XSSRVH \RX CMMRVHRBUW LWV RXWSXW E\ ILOHQDIPKIH]WWEWIR[@H.IO BY WR[@\D\O/D |
EHIRUHNVDWIOOHYV :KDW FRPPDQG RU FRPPDQGV ZRXOG \RX XVH"

WRS

More Shell

'UDIW 9HUVLRQ
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$ UXQQLQJ SURJUBBRURFHADWOOHG D
%\ GHIDXOW HYHU\ SURFHVV KDV WKUHH FRQQHFWLRQV WR WKH RXWVI
" BWDQGDUWGERW FRQQHFWHG WR WKH NH\ERDUG
" 6WDQGDUGVRWARSXWY FRQQHFWHG WR WKH VFUHHQ
" 6WDQGDUWVWGHBU DOVR FRQQHFWHG WR WKH VFUHHQ
" 8VHG IRU HUURU PHVVDJHV

JLIXUH 7TKH 6KHOO 5XQQLQJ D 3URJUDP

<RX FDQ WHOO WKH VKHOO WR FRQQHFW VWDQGDUG LQSXW DQG VWDQ
FRPPDQG LQSXWHDGN UQBRW)L@QWWHDG RI IURP WKH NH\ERDUG

" 'RQ W QHHG WR XVH WKLV YHU\ RIWHQ EHFDXVH PRVW 8QL[ FRPPDQGYV OHW

DUJXPHQWYV
FRPPDQG ! RXWSXWL)WHXWRXWIL@HVHDG Rl WR WKH VFUHHQ

' 2Q0\ 3QRUPDO" RXWSXW JRHV WR WKH ILOH QRW HUURU PHVVDJHV
FRPPDQG LQSXW)LOH ! RXGRIXWEROWK
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J)LIXUH 5HGLUHFWLQJ 6WDQGDUG ,QSXW DQG 2XWSXW

' ([IDPSOH VDYH QXPEHU RI OLQRVQAQ ®WH® WH[W ILOHV WR

wordslen  venusaxt earthtdt

:$ cat words.len

.4 9 69 earth.txt
4 9 69 venus.txt

i 3 12 62 words.len

~ 11 30 200 total

" 7UN W\EDQW! MXQN W[W

1R LQSXW ILOH VBWHIDGNGURR WKH NH\ERDUG

2XWSXW VHQW WR D ILOH
9RLOD WKH ZRUOG V GXPEHVW WH[W HGLWRU

" KHQ \RX UH GR@HV XM WRNVIHW ULG RI WKH ILOH

" 'RQ W WPSKQOHVV \RX UH UHDOO\ UHDOO\ VXUH WKDW V ZKDW \RX ZDQW WR

" 6XSSRVH \RX ZDQW WR XVH WKH RXWSXW RI RQH SURJUDP DV WKH LQS)>X
" (J X¥H Z WR FRXQW WKH ZRUGV VYVRUWR MER IVRHW QWPHQYLFDOO\

' 2SWLRQ VHQG RXWSXW RI ILUVW FRPPDQG WR D WHPSRUDU\ ILOH WK

\we *.txt > temp
isort -n < temp

" 2SWLRQ SXWMRDFRQQHFW WKH WZR SURJUDPYV
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"ULWWHQ DV
' 7THOOV WKH RSHUDWLQJ VA\VWHP WR VHQG ZKDW WKH ILUVW SURJUDP ZULWHYV

‘we-w**|sort-n
. 9earth.txt
i 9venus.txt
. 12 words.len

. 30 total

JLIXUH 3LSHV

' ORUH FRQYHQLHQW DQG PXFK OHVV HUURU SURQH WKDQ WHPSRUDU\ ILOHV
&DQ FKDLQ DQ\ QXPEHU RI FRPPDQGV WRJHWKHU
$QG FRPELQH ZLWK LQSXW DQG RXWSXW UHGLUHFWLRQ

$Q\ SURJUDP WKDW UHDGV IURP VWDQGDUG LQSXW DQG ZULWHV WR VW
SURJUDPV WKDW GR WKILVOWHMHWIWHQ FDOOHG
, ] \RX PDNH \RXU SURJUDPV ZRUN OLNH ILOWHUV \RX FDQ HDVLO\ FRPELQH W
' $ FRPELQDWRULDO H[SORVLRQ RI JRRGQHVYV

/[LNH DQ\ RWKHU SURJUDP WKH VKHOO KDV YDULDEOHYV

6LQFH WKH\ GHILQH D XVHU V HQYLURGRNQWR WKHQ VD YD XIVXB@HOM FD O O
' 8VXDOO\ DOO XSSHU FDVH

7\SWHWW WKH FRPPDQG SURPSW WR JHW D OLVWLQJ

ANT_HOME=C:/apache-ant-1.6.2
'BASH=/usr/bin/bash
'COLUMNS=80

. COMPUTERNAME=ISHAD
'HISTFILESIZE=500

*HW D SDUWLFXODU YDULDEOH Y NJIRMH FEN ISXWQDOHB D
(J WKH VKHOO+PHSODFKHWKH FXUUHQW XVHU V KRPH GLUHFWRU\
2IWHQ XWHWHFKRRFPPDQG WR SULQW WKLV RXW

'$ echo $HOME
:/home/gvwilson
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4XHVWLRQ ZK\ PXNRKRRX NBEGGC Q RW2 X VW

" 7R VHW RU UHVHW D YDULDEOH V YDOXH WHPSRUDULO\ XVH WKLV

2Q0\ DIIHFWV WKH FXUUHQW VKHOO DQG SURJUDPV UXQ IURP LW
7R VHW D YDULDEOH V YDOXH DXWRPDWLEDOKUVRZKHQ \RX ORJ LQ VHW L
" BHPHPEHWULY D VKRUWFXW PHDQLQJ 3\RXU KRPH GLUHFWRU\"’
JRU PH ULJKWERRERUWKRPH JYZLOVRQ EDVKUF
" , PSRUWDQW HQYLURQPHQW YDULDEOHYV
Name Typical Value Notes
+20( KRPH JYZLOVRQ 7KH FXUUHQW
XVHU V KRPH
GLUHFWRU\
+20('5,9& 7KH FXUUHQW
XVHU V KRPH
GULYH :LQGR

RQO\
+2671$0(LVKDG 7KLV FRPSXW
QDPH
+2677<3( 'KDW NLQG RI
FRPSXWHU Wt
26 'LQGRZVB17 'KDW RSHUDW
VI\VWHP LV UX
3$7+ KRPH JYZLOVRQ ELQ XVU ORFDO ELQ XVU ELQ :KIHYH3WRKRG@ |
SURJUDPV
3: KRPH JYZLOVRQ VZF OHF BUHVHQW ZRL

GLUHFWRU\
VRPHWEPHYV
IRU FXUUHQW
ZRUNLQJ
GLUHFWRU\
6+ (/1 ELQ EDVK "KDW VKHOO |
EHLQJ UXQ
7(03 WPS "KHUH WR VW
WHPSRUDU\ Il
86 (5 JYZLOVRQ 7KH FXUUHQW
XVHU V ,°

7TDEOH ,PSRUWDQW (QYLURQPHQW 9DULDEOHYV

' 7KH PRVW LPSRUWDQW R3WKHVH YDULDEOHV LV
7KW HDUFKWKODWMK WHOOV WKH VKHOO ZKHUH WR ORRN IRU SURJUDPYV
'KHQ \RX W\SH D FRWMPEQG INH VKHO O
6SOL3BVRQ FRORQV WR JHW D OLVW RI GLUHFWRULHV
' /JRRNV IRU WKH SURJUDP LQ HDFK GLUHFWRU\ LQ OHIW WR ULJKW RUGHU
' 5XQV WKH ILUVW RQH WKDW LW ILQGV
' ([DPSOH
3$7+VKRPH JYZLOVRQ ELQ XVU ORFDO ELQ XVU ELQ ELQ 3\WKRQ
' %RW&/U ORFDO ELQ WIIEX®RWHI JYZLOVRQ ELQ WHJEXWDWH
' KRPH JYZLOVRQ ELQ WRBXOBPWHXQ ZKMREWRXDWAWKH FRPPDQG SURPSW

&DQ UXQ WKH RWKHU RQH E\ VSHFLI\LQJ WKH SDWK LQVWHDG RI MXVW WKH |
" :DUQLQJ LW LV FRPPRQ VRK W CBEAOWKKG H
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" 7KLV DOORZV \RX WR UXQ D SURJUDP LQ WEKKDMKRNUBHIDMW I6Z 8 BRIMAR BUM XV W E\

' %XW LW DOVR PHDQV \RX FDQ QHYHU EH TXLWH VXUH ZKDW SURJUDP D FRPPI
' 7KRXJK \RX FDQ XVH WKHFKRPPRIUD P EZKLIFK ZLOO WHOO \RX

&RPPRQ HQVBHTHQHAMXGH
" ELQXVU ELERUH WRROV OLNH
"1RWH WKH ZRUG (ELQ" FRPHV IURP 3ELQDU\" ZKLFK LV JHHNVSHDN IRU 3D F
" XVU ORFDO RISWLRQDO EXW FRPPRKF WRROV OLNH WKH
" +20( ELQWRROV \RX KDYH EXLOW IRU \RXUVHOI
" 5SHPHPEHHL20(PHDQV 3WKH XVHU V KRPH GLUHFWRU\"’
" 6R WKLV LV HTaXEXYQOHQW WR
&\JZLQ GRHV WKLQJV D OLWWOH GLIITHUHQWO\
" 8VHV WKH QRWOWLWYRODF VRPHEZEHWWHDG RIFELBRHAYKHUH
" 7KH FRORQ/RRHZKHBARMKOG FODVK ZLWK WEHYCROPEGOHQ WKH
" %\ GHIDXOW &\FZIRQIWIUPHDWYH URRW RI LWV ILOH VA\VWHP
" 6R KRPH DWXUNVNQD VIQR@\PFNREULQ KRPH DWXULQJ
" <HV LW FDQ EH FRQIXVLQJ EXW UHPHPEHU ZH UH WU\LQJ WR UXQ RQH RSHI

PDQ 'RFXPHQWDWLRQ IRU FRPPDQGYV

FDW &RQFDWHQDWH DQG GLVSOD\ WH[W ILOHV

FG &KDQJH ZRUNLQJ GLUHFWRU\
FKPR&KDQJH ILOH DQG GLUHFWRU\ SHUPLVVLRQV

FS &RS\ILOHV DQG GLUHFWRULHYV
GDWHLVSOD\ WKH FXUUHQW GDWH DQG WLPH

GLIl 6KRZ GLIIHUHQFHY EHWZHHQ WZR WH[W ILOHYV

HQY 6KRZ HQYLURQPHQW YDULDEOHYV

KHDGLVSOD\ WKH ILUVW IHZ OLQHV RI D ILOH

oV /LVW ILOHVY DQG GLUHFWRULHYV
PNGLODNH GLUHFWRULHYV

PY ORYH UHQDPH ILOHVY DQG GLUHFWRULHYV
RG 'LVSOD\ WKH E\WHV LQ D ILOH
SDVV&Z&KDQJH \RXU SDVVZRUG

SZG 3ULQW FXUUHQW ZRUNLQJ GLUHFWRU\

UP 5HPRYH ILOHV
UPGLEHPRYH GLUHFWRULHV

ZF &RXQW OLQHV ZRUGV DQG FKDUDFWHUV LQ D ILOH
ZKLFIORFDWH D FRPPDQG

7TDEOH %DVLF &RPPDQG /LQH 7RROV

2Q 8QL[ HYHU\ XVHU EHORQJV WR RQH RU PRUH JURXSYV
" TKHURX$WRPPDQG ZLOO VKRZ \RX ZKLFK RQHV \RX DUH LQ

(YHU\ ILOH LV RZQHG E\ DQ BDSDNWFXFOXOOD X VHIR X S
' 2ZQHU FDQ DVVLJIQ GLIIHUHQW UHDG ZULWH DQG H[HFXWH SHUPLVVLRQV WHF
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5HDG FDQ ORRN DW FRQWHQWY EXW QRW PRGLI\ WKHP
:ULWH FDQ PRGLI\ FRQWHQWYV
" ([HFEXWH FDQ UXQ WKH ILOH H J LWV D SURJUDP
'OV Q@LOO VKRZ DOO RI WKLV LQIRUPDWLRQ

'’ $ORQJ ZLWK WKH ILOH V VL]H DQG D IHZ RWKHU WKLQJV
3HUPLVVLRQV GLVSODWGELSYHVK UHH
'’ 30LVVLQJ" SHUPLVVLRQV VKRZQ E\
([DPSAQH UZ UPHDQV *XVHU DQG JURXS FDQ UHDG DQG ZULWH HYHU\RQH HO\
' & KDQJH SHUPLVWKARRGXVLQJ

3HUPLVVLRQVY PHDQ VRPHWKLQJ D OLWWOH GLIITHUHQW IRU GLUHFWRUL

([HFXWH SHUPLVVLRQ PHDQV \RX FDQ 3JR RAHDR \R )G EDQFWHRLG LEXW FRROHWH Q W
' 6R LI D GLUHFWRREBU GHWUPUYVLRQ L H RZQHU FDQ GR DQ\WKLQJ EXW HYH!
H[HFXWH SHUPLVVLRQ WKHQ

. VRPHRQH RWKHU W KD@VWKRIRRBHAUPUL\GRHRY LV GHQLHG

"2l FRXUVH LW DOO ZRUNV GLIITHUHQWO\ RQ :LQGR2ZV
1RW EHWWHU RU ZRUVH MXVW GLIITHUHQWO\
" 'LQGRZV ;3 BNHNVV FRQW&RO OLVWV

" ,QVWHDG RI GHVFULELQJ XVHUV DV 3ILOH RZQHU JURXS PHPEHU RU VRPHWK
SDUWLFXODU XVHU RU VHW RI XVHUV FDQ GR WR D ILOH GLUHFWRU\ GHYLEF

' 20GHU YHUVLRQV RI :LQGRZV VXFK DV :LQGRZV DQG :LQGRZV DUH IXQ
&\JZLQ GRHV LWV EHVW WR PDNH WKH :LQGRZV PRGHO ORRN OLNH 8QL[
, \RX WULS RYHU WKH GLIITHUHQFHY SOHDVH FRQVXOW D V\VWHP DGPL

GX 3ULQW WKH GLVN VSDFH XVHG E\ ILOHVY DQG GLUHFWRULHYV
ILQG)LQG ILOHVY WKDW PDWFK D SDWWHUQ

OSU 6HQG D ILOH WR D SULQWHU

OSUP5HPRYH D SULQW MRE IURP D SULQWHU V TXHXH

OST &KHFN WKH VWDWXV RI D SULQWHU V TXHXH

SV 'LVSOD\ UXQQLQJ SURFHVVHYV
WDU $UFKLYH ILOHV

ZKLFKLQG WKH SDWK WR D SURJUDP

ZKR 6HH ZKR LV ORJJHG LQ

[DUIJY[HFXWH D FRPPDQG IRU HDFK OLQH RI LQSXW

7TDEOH $GYDQFHG &RPPDQG /LQH 7RROV

Exercise 5.1:

<RX UH ZRUULHG \RXU GDWD ILOHV FDQ EH UHDG E\ \RXU QHPHVLV 'U (YLO +Rz
QHFHVVDU\ FKDQJH SHUPLVVLRQV VR RQO\ \RX FDQ UHDG RU ZULWH WKH ILOHV"
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WRS

Basic Scripting

'UDIW 9HUVLRQ

" 7ZR IDFWRUV GHWHUPLQH WLPH WR VROXWLRQ
' +RZ ORQJ LW WDNHV WR ZULWH D SURJUDP KXPDQ WLPH
" +RZ ORQJ LW WDNHV WKDW SURJUDP WR UXQ PDFKLQH WLPH
" 'LITHUHQW ODQJXDJHV PDNH GLIITHUHQW WUDGHRIIV EHWZHHQ SURJUDP

S3URJUDPPHUV ZULWH WKH VDPH QXPEHU RI OLQHV RI FRGH SHU GD\ QR PDWMW
ODQJXDJHV DUH JRRG
" % XW WKH PRUH DEVWUDFW WKH ODQJXDJH WKH PRUH ZRUN LW LV IRU WKH F

JLIXUH 1LPEOH YV 6WXUG\ /IDQJXDJHV

' 3\WKRY
/ILNH WKH VKHOO RQO\ EHWWHU
JUHHO\ DYDLODEOH IRU PDQ\ SODWIRUPV
" :LGHO\ XVHG
" 'HOO GRFXPHQWHG
OXFK HDVLHU WR UHDG WKDQ 3HUO
ODWHULDO WKDW WRRN WKUHH GD\V WR WHDFK LQ 3HUO WRRN RQO\ WZR W
" JROORZ XS VXUYH\V VKRZHG VLIJQLILFDQWO\ KLJKHU UHWHQWLRQ UDWHYV
" OXFK VORZHU WKDQ & & RU J)RUWUDQ
’ WLPHV VORZHU WKDQ FRPSLOHG RSWLPL]J]HG FRGH
%XW LW V UHODWLYHO\ HDV\ WR FDOO & & DQG )RUWUDQ OLEUDULHV IURP
" 'RHVQ W KDYH DOO RI 0%7/$% V QXPHULFDO WRROV
T % XWIXWMUEBFNDJH LVQ W EDG
"' $QG LW KDV D ORW RI WKLQJV 0%$7/$% GRHVQ W
'’ 7KLV FRXUVH LVQ W UHDOO\ DERXW 3\WKRQ
W V DERXW VROYLQJ VLPSOH SUREOHPYV ZLWK WKH OHDVW HIIRUW
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%XW ZH KDYH WR ZULWH WKH H[DPSOHV LQ VRPHWKLQJ
6R ZH PLJKW DV ZHOO FKRRVH VRPHWKLQJ VLPSOH DQG XVHIXO
JRU PRUH LQIRUPDWLRQ
¥ XW] $VEKH® LV WKH VWDQGDUG LQWURGXFWLRQ
HDUWHO@LLY D FROOHFWLRQ RI XVHIXO WLSV DQG WULFNYV
6HB\WKRQ &RRNRRRWMKH RQ OLQH YHUVLRQ

5XQQLQJ D SURJUDP LQ D VWXUG\ ODQJXDJH LV D WZR VWHS SURFHVYV
' & RPSLOHU WUDQVODWHY VRXUFH FRGH LQWR VRPHWKLQJ WKDW FDQ UXQ
7KDW *VRPHWKLQJ WKHQ UXQV
'LUHFWO\ RQ WKH KDUGZDUH & & )RUWUDQ
2Q BLUWXDO PD¥BRLQH
' 6RPH FRPELQDWLRQ RI WKH WZR &
1LPEOH ODQJXDJHV W\SLFDOO\ FRPELQH WKH FRPSLOHU DQG WKH YLUW
$ VLQJOH SURJUDP UHDGV WKH XVHU V FRGH WUDQVODWHV LW LQWR VRPHW

JLIXUH 6WXUG\ YV 1LPEOH ([HFXWLRQ

7KLY PHDQV WKDW PRVW QLPEOH ODQJXDJHV FDQ UXQ LQWHUDFWLYHO)

$ python

i>>>3+5

8

>>>x=5*3 %2 # assign 5 times 3 squared to x
>>> print x

45

'>>> print 'some' + 'thing' # concatenate strings
'something
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' 2EYLRXVO\ GRQ W KDYH WR UHW\SH SURJUDP HYHU\ WLPH \RX ZDQW WR
' 2SWLRQ VDYH SURJUDB\HQWH QDR QLSURY®RM SHOHQDPH S\

" 3\WKRQ UHDGV DQG H[HFXWHV WKH FRPPDQGV LQ WKH ILOH H[DFWO\ DV LI W|
" 2SWLRQ 8QL[ RQO\ PDNH WKH IRO®\Rz@RJ WKH ILUVW OLQH RI WKH

" 2SWLRQ 'LQGRZV RQGO\ILOMVRALDKYB\WKRQ

' '"RXEOH FOLFNLQJ RQ D@ WKDO@®JMIQHEQ QX QQL W
+DSSHQV DXWRPDWLFDOO\ ZKHQ \RX UXQ WKH 3\WKRQ :LQGRZV LQVWDOOHU

' (IDPSOH
' 8VLQJ DQ HGLWRU SXSRIMKWMHVIBODORZLQJ LQ
SULQW
SULQW
SUL QW

392781
41664 1024

" ODULDEOHY DUH QDPHV IRU YDOXHYV
" 1R GHFODUDWLRQV YDULDEOHVY DUH FUHDWHG ZKHQ VRPHWKLQJ LV DVVLJIQH

JLIXUH O9DULDEOHYV 5HIHU WR 9DOXHYV
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" 1R W\SHV D YDULDEOH LV MXVW D QDPH DQG FDQ UHIHU WR GLIITHUHQ\
$OWKRXIK \RXU FRGH ZLOO EH HDVLHU WR XQGHUVWDQG LI \RX GRQ W DEXVF

" OXVW JLYH D YDULDEOH D YDOXH EHIRUH XVLQJ LW
' 8QOLNH VRPH ODQJXDJHV 3\WKRQ GRHVQ W WU\ WR JXHVV D 3VHQVLEOH" YD

' SULQW VRPHWKLQJ

‘Traceback (most recent call last):

. File "undefined.py", line 1, in ?

i print something

‘NameError: name 'something' is not defined

" :KLOH YDULDEOHY GRQ W KDYH W\SHV YDOXHV GR
", \RX WU\ WR RSHUDWH RQ LQFRPSDWLEOH YDOXHV 3\WKRQ ZLOO FRPSODLQ

| WZR WZR LV D VWULQJ

N\ LV DQ LQWHJHU

SULQW [\ PXOWLSO\LQJ D VWULQJ FRQFDWHQDWHY LW UHSHDWHG
§SULQW [\ EXW \RX FDQ W DGG DQ LQWHJHU DQG D vwuULQJ

‘twotwo

‘Traceback (most recent call last):

. File "add_int_str.py", line 4, in ?

i print x +y # but you can't add an integer and a string
‘TypeError: cannot concatenate 'str' and 'int' objects

" TKBBULOMVDWHPHQW SULQWY JHUR RU PRUH YDOXHYV
' 6HSDUDWHG E\ VSDFHYV
' $XWRPDWLFDOO\ SXWV D QHZOLQH DW WKH HQG
BRSULQR) LWV RZQ MXVW SULQWV D EODQN OLQH
' 8VH HLWKHU VLQJOH RU GRXEOH TXRWHV WR FUHDWH VWULQJV
OXVW EH FRQVLVWHQW LI D VWULQJ VWDUWY ZLWK RQH NLQG RI TXRWH LW
%XW GLIITHUHQW VWULQJV LQ WKH VDPH SURJUDP FDQ XVH GLIITHUHQW NLQG
'’ 7KLV ZDV QRW QHFHVVDULO\ D JRRG GHVLJQ GHFLVLRQ«

' 7KH EXLOW L\QNIBRQFYWHIRQV WKLQJV WR VWULQJV

'SULQW FDUERQ VWU
carbon-14
' 8VH VLPLODU IXQEQWMBRYWNGOW®R FRQYHUW YDOXHV WR RWKHU W\SHV
' 8VHHVFDSH VHTWR@ XY VSHFLDO FKDUDFWHUV LQ VWULQJV
6LQJOH TXRWHV LQ D VL@EKQHM IX@W WCXQW VUKD O
'RXEOH TXRWHV LQ D GRXEOH TXR® HG<WRW LFIDQY TXRWH PH RQ WKDW ?

' 7DE DQG QHZOLQH?MKREBHRMWHLB/ OLQH?Q

" 7TKH XVXDO QXPHULF W\SHV
LV DQ LQWHJHU ELWV ORQJ RQ PRVW PDFKLQHYV
' LV IORDWLQJ SRLQW GRXEOH SUHFLVLRQ L H ELWV ORQJ
" 7ZR XQXVXDO QXPHULF W\SHV
MLV D FRPSOH[ QXPEHU WZR ELW YDOXHYV
/ LV D ORQJ LQWHJHU
' $UELWUDU\ OHQJWK XVHV DV PXFK PHPRU\ DV LW QHHGV WR
' 2SHUDWLRQV DUH VHYHUDO WLPHV VORZHU
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B\ WKRQ DXWRPDWLFDOO\ VZLWFKHV WR ORQJ LQWHJHU PRGH ZKHQ LW QHH
" 3\WKRQ ERUURZV & V QXPHULF RSHUDWRUYV
Name Operator Use Value Notes
$GGLWLRQ
3\ WKRQ3\WKRQ
6XEWUDFWLRQ
OXOWLSOLFDWLRQ

3\ 313\ 3\ LV LOOHJDO
'LYLVLROQ
 QWHJHU GLYLVLRQ URXQGV G
QRW
([SRQHQWLDWLRQ
SHPDLQGHU
7DEOH 1XPHULF 2SHUDWRUV LQ 3\WKRQ

' 3\WKRQ DOVR VKO SRAWUMNH KYHUDWRUV
[ GRHV WKH VDPH WKLQJ DV
' LV DQ HUURU VLQFH \RX FDQ W DVVLJQ D QHZ YDOXH WR «

' JUXBQDOVBIUH WUXH DQG IDOVH G RK
' (PSW\ VWULQURQBDABGITXLYDOHQW WR IDOVH
" _XVW DV LV HTXLYDOHQW WR
' $OPRVW HYHU\WKLQJ HOVH LV WUXH
' &RPELQH %RR O WDHDR/UR RN J
DQGQRW UHWKRUW RBSBIE)OIMR UV

" (YDOXDWH H[SUHVVLRQV OHIW WR ULJKW DQG VWRS DV VRRQ DV WKH\ NQRZ
5HVXOW LV WKH ODVW WKLQUXNDPODXWWHG UDWKHU WKDQ

Expression Result Notes
7UXH RU )DOVH 7UXH
7UXH DQG )DOVH )DOVH
D RU E D RWLY WUXH LI HLWKHU VLGH LV WUXB VR L
D DQG E E DQGVY RQO\ WUXH LI ERWK VLGHY DUH WUX
KDV HYDOKDWHG
RU E E LV IDOVH LBMXWUXH
DQG E 6LQFH LV IDOVH 3\WKRQ FDQ VWRS HYDC
DQG ZRXOG EH DQ HUURU EXW 3\WKRQ QHY'
[ DQG VHW RU QRWWIBWSHQEWUXH WKLV H[SUNWMWLRIQW IDPD@KH LLW
QRW VHW
7TDEOH %RROHDQ 2SHUDWRUV LQ 3\WKRQ
IComparisons

" 3\WKRQ ERUURZV & V FRPSDULVRQ RSHUDWRUV WRR

%XW DOORZV \RX WR FKDLQ FRPSDULVRQV WRJHWKHU MXVW DV LQ PDWKHPD
Expression Value
7UXH
7UXH
7TUXH
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)DOVH

7UXH
! 7UXHEXW SOHDVH GRQ W ZULWH WKLV2LW V KDUG WR UHDG
M (UURU FDQ RO@@\GXR® FRPSOH[ QXPEHUV

7TDEOH &RPSDULVRQ 2SHUDWRUV LQ 3\WKRQ

" 1RWH WKH GLITHUHQFH EHWZHHQ DVVLJQPHQW DQG WHVWLQJ IRU HTXD
8VH D VLQJOH HTRDOOWVLIQPHQW
" 8VH D GRXEOH HTXMROWHNVWQLI WZR WKLQJV KDYH HTXDO YDOXHV
" 6WULQJ FRPSDULVRQ PD\ QRW GR ZKDW \RX H[SHFW
" &KDUDFWHUY DUH HQFRGHG DV QXPEHUV GLJLWV FRPH EHIRUH XSSHUFDVH (
" 3IXQFWXDWLRQ LV PLIHG LQ EHWZHHQ MXVW WR PDNH PDWWHUV GLIILFXOW
6WULQJV DUH FRPSDUHG FKDUDFWHU E\ FKDUDFWHU IURP ILUVW WR ODVW XC
2Q0H FKDUDFWHU LV OHVV WKDQ DQRWKHU
" 20QH VWULQJ UXQV RXW RI FKDUDFWHUYV
Expression Value
DEF GHIFUXH
DEF $EFDOVH
DE DEF 7UXH
7UXH
7UXH

7TDEOH S\ WKRQ 6WULQJ &RPSDULVRQV

' 3\WKRQ XIVHOLIQRMOVH LIDQI® VH
' 8VH D FRORQ DQG LQGHQWDWLRQ WR VKRZ QHVWLQJ

D
LI D
1 SULQW OHVV
"HOLI D

3 SULQW HTXDO
"HOVH

‘ SULQW JUHDWHU

' K\ LQGHQWDWLRQ™"
' %DVHG RQ VWXGLHV IURP WKH V LW V ZKDW HYHU\RQH ORRNV DW DQ\ZD\
" - XVW FRXQW WKH QXPEHU RI ZDUQLQJV LQ & -DYD ERRNV DERXW PLVOHDGLQ.
' 'RHVQ W PDWWHU KRZ PXFK \RX XVH EXW
(YHU\WKLQJ LQ WKH EORFN PXVW EH LQGHQWHG WKH VDPH DPRXQW
' 7DEV DUH H[SDQGHG VR WKDW WKH\ UH HTXLYDOHQW WR XS WR HLJKW FKDL
' 6R GRQ W HYHU LQGHQW ZLWK WDEV VLQFH \RXU HGLWRU PD\ LQWHUSUHW
0DQ\ HGLWRUV XQGHUVWDQG 3\WKRQ LQGHQWDWLRQ DQG ZLOO KHOS \RX JH
I \RX UH IRQG Rl OHJDF\ FKDUDFWIBQRPFERQYWHR HGZWROV
' 1 \RX ZDQW D IUHH LQWHJUDWHG GHYHOREBNG®W HQYLURQPHQW ,'( WU\
" I \RX G SUHIHU VRPHWKLQJ ZLWRP RERPE QB L' [D0J M XS\SIPYWULWHV

' 'R VRPHWKLQJ UHSHDWHGO\ DV ORQJ DV VRPH FRQGLWLRQ LV WUXH
' $JDLQ XVH FRORQ DQG LQGHQWDWLRQ WR VKRZ QHVWLQJ
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' ZKLOH D !

3 SULQW D
3 D

3

|

il

" 'R WKH 3VRPHWKLQJ" ]JHUR WLPHV LI WKH FRQGLWLRQ LV IDOVH WKH ILU

'SULQW EHIRUH
D

' ZKLOH D !

‘ SULQW D

3 D

'SULQW DIWHU
before

", WKH FRQGLWLRQ LV DOzZzD\V WUXH WKH ORRS QHYHU HQGV

ZKLOH D !
SULQW D
RRSV IRUJRW WR VXEWUDFW RQH IURP D

’ &DQ EUHDN RXW RI WKH PLEBEWHIONRI D ORRS XVLQJ

' ZKLOH 7UXH
‘ SULQW D
D
LI D LI DLV GLYLVLEOH E\
; EUHDN
30
29
28
27
'RQ W DEXVH WKLV SXW WKH WHVW DW WKH WRS RI WKH ORRS XQOHVV WKHLU
' &DQ VNLS WR WKH QHFWQWIHIHNLRQ XVLQJ

D
"ZKLOH D !
‘ SULQW WRS RI ORRS D
D
LI D
FRQWLQXH
SULQW ERWWRP Rl ORRS D

‘top of loop 5

‘top of loop 4

...bottom of loop 3

‘top of loop 3

‘top of loop 2

...bottom of loop 1

top of loop 1

" $IJDLQ GRQ W DEXVH WKLV E\ ZULWLQJ ORRSVY WKDW DUH KDUG IRU RWKHU S
, | RQO\ EHFDXVH 3 RWKHU SHRSOH” LQFOXGHV \RX WKUHH PRQWKYV IURP QRZ

WRS
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Strings, Lists, and Files

'UDIW 9HUVLRQ

3\WKRQ LV D QLPEOH ODQJXDJH ZLWK
1XPEHUV VWULQJV DQG %RROHDQV
&RQGLWLRE®DOM GO VH

ZKLOBRR SV EDHIKQ ER QWL Q X H

7KLV OHFWXUH GHVFULEHV
* /LVWV IRU VWRULQJ FROOHFWLRQV Rl YDOXHYV

' YXQFWLRQV ZKLFK UHGXFH UHGXQGDQF\ DQG PDNH SURJUDPV HDVLHU WR U
5HDGLQJ DQG ZULWLQJ ILOHV

"$ VWULQUPIPXWQEOH VHTXHQFH RI FKDUDFWHUV

" LPPXWDOPHDHQV WKDW LW FDQQRW EH PRGLILHG RQFH LW KDV EHHQ FUHD
", H \RX FDQQRW FKDQJH LQGLYLGXDO FKDUDFWHUV LQ SODFH

'SULQW VWU LV VWU

VWU> @ [

'SULQW VWU LV QRZ VWU

stris abc

i Traceback (most recent call last):

~ File "immutable_err.py", line 3, in ?

‘ str[0] = 'x'

‘TypeError: object does not support item assignment

VWU  DEF
%SULQW VWU LV VWU

VWU [\]

'SULQW VWU LV QRZ VWU

stris abc

istr is now xyz

BHTXH®HBDQV WKDW LW FDQ EH LQGH[HG

'’ QGLFHV VWDUW DW DV WKH\ GR LQ & «

«VRWH[W>L® WKH ILUVW FKDUBFMAWU RI WKH VWULQJ

7KH EXLOW LOHIXQWWURQ WKH OHQJWK RI D VWULQJ«

«VR WKH LQGH[ Rl WKH VOIDNMWD HF & DWHD[FW HU R

1RWH WKHUH LV QR VHSDUDWH GDWD W\SH IRU FKDUDFWHUYV
' $ FKDUDFWHU LV VLPSO\ D VWULQJ Rl OHQJWK

"HOHPHQW  ERURQ
n

ZKLOH L OHQ HOHPHQW

SULQW HOHPHQW>L@
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" WH[W>VWDUW B R BN BFXWWRHI[ W
&UHDWHYV D QHZ VWULQJ FRQWDH QN @PWIKKHEFW R U BRWHURMEGQFOXGLQJ

YDO KHOLXP
'SULQwW YDO> @ YDO> @ YDO> @
‘el he um

" 6RPHWLPHVY KHOSV WR WKLENWZIHQGPAYWDY EHLQJ

J)LIXUH 9LVXDOL]JLQJ ,QGLFHV

' $ IHZ ORJLFDO FRQVHTXHQFHV
WH[W> L& HLWKHU WKH VHRRQGRK BKBIF WAHSMWR I WRIHQQ WIKDYH D VHFRQG FK
' 6RWH[W> L& DOZD\V WKH HPSW\ VWULQJ
JURP LQGH[ XS WR EXW QRW LQFOXGLQJ LQGH]
' $QWH[W> L& DOZD\V WKH HPSW\ VWULQJ
' 1THIJDWLYH LQGLFHV FRXQW EDFNZDUG IURP WKH HQG RI WKH VWULQJ
' [> @LV WKH ODVW FKDUDFWHU
$ ORW HDVLHU WRHIHPG @VKDQ
' [> @V WKH VHFRQG WR ODVW FKDUDFWHU
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JLIXUH 9LVXDOLILQJ 1HIDWLYH ,QGLFHV
'YDO FDUERQ
'SULQW YDO> @ YDO> @ YDO> @

" WRXQGYVY FKHFENLQJ UXOHYV

B\ WKRQ DOzZD\V GRHV DQ RXW RI ERXQGV FKHFN ZKHQ \RX LQGH[ D VLQJOH LV
%XW LW WUXQFDWHY RXW RI UDQJH LQGLFHV ZKHQ \RX WDNH D VOLFH
'YDO | KHOLXP
'SULQW YDO> @
[ YDO> @
‘elium
‘Traceback (most recent call last):
. File "bounds.py", line 3, in ?
x = val[22]
\IndexError: string index out of range

" $PHWKR/GD IXQFWLRQ WKDW RBEWMHEGNVWR D SDUWLFXODU
" ,QYHQWHG WR KHOS SURJUDPPHUYV RUJDQL]H WKHLU FRGH
" 7R FDOO PRWRERMEHWW H
‘H OO0 VHH KRZ WR FUHDWH REMHFWY DQG PHWKRGV RI RXU RZQ ODWHU
" $OPRVW HYHU\WKLQJ LQ 3\WKRQ KDV PHWKRGYV
" 1XPEHUV DUH WKH RQO\ LPSRUWDQW H[FHSWLRQ
" 6WULQJ PHWKRGYV

Method Purpose Example Result
FDSLWDG@D|S$ILWDOL]H ILUVW OHWWHPWR IFADWBUW@IDL]H TH[W
ORZHU &RQYHUW DOO OHWWHUVDWR'OBRHAHBDVH DEFG
XSSHU &RQYHUW DOO OHWWHUVDWR'XXSHHBDVH $%&'
VWULS 5HPRYH OHDGLQJ DQG WUDEOLWQWULS D E
ZKLWHVSDFH EODQNV WDEV QHZOLQHV
HWF
OVWULS5HPRYH ZKLWHVSDFH DW DHIWODWDGEQJ D E
HGJH RI VWULQJ
UVWULS 5HPRYH ZKLWHVSDFH DW DIEIKWVWUD&OLQJ D E

HGJH RI VWULQJ
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FRXQW &RXQW KRZ PDQ\ WLPHV BBUWDVFWGDEUD FRXQW UD
DSSHDUV LQ DQRWKHU
ILQG 5HWXUQ WKH LQGH[ RI WREUDRBDN ®DERMDXUUEBGFHD
RI RQH VWULQJ LQ DQRWKHU RU
DEUDFDGDEUD ILQG [\]
UHSODFBHSODFH RFFXUUHQFHV REBRFDGWEUQ®J PHSRDFH DB FDGDE
DQRWKHU

7TDEOH 6WULQJ OHWKRGYV

" 1RWHYV
7TKHVH PHWKRGYVY GRQ W KDYH WR EH FDOOHG RQ FRQVWDQW VWULQJV

WH[W +RJZDUWYV
'SULQW WH[W XSSHU

'SULQW WH[W UHSODFH UWYV V K
'HOGWARTS

‘Hogwash

FWH[W +RJZDUWYV

%SULQW PHWKRG UHVXOW LV WH[W UHSODFH UWYV VK
%SULQW YDULDEOH WH[W LV WH[W

‘method result is Hogwash

\variable text is Hogwarts

" <RX FBIODEPRWKRG FDOOV WRJIJHWKHU DQG PL[ ZLWK LQGH[LQJ FRQFDWHQDWL
, ] WKH UHVXOW RI RQH PHWKRG FDOO LV D VWULQJ \RX FDQ LPPHGLDWHO\

WHI[W +HUPLRQH

' SULQW WH[W XSSHU > @ FHQWHU

" 8VH WKLV LQ PRGHUDWLRQ ORQJ FKDLQV RI PHWKRG FDOOV DUH KDUG WR
<RX FDQLXWR FKHFN ZKHWKHU RQH VWULQJ DSSHDUV LQ DQRWKHU

' SULQW DWWD LQ JDWFDWWFJDW
'SULQW WFJD LQ JDWFDWWFJDW
False

"$ OLVWXWDEOH VHTXHQFH RI REMHFWYV
" OXWDEBBQV WKDW XQOLNH D VWULQJ LW FDQ EH FKDQJHG LQ SODFH
" 2] REMAHWQ@V WKDW OLVWY FDQ KROG DQ\WWKLQJ DQG HYHU\WKLQJ
7KLQN RI LW DV D RQH GLPHQVLRQDO DUUD\ RU YHFWRU WKDW DXWRPDWLF|
" ULWH OLVWYV XVLQJV@XmZH EBJ@®FNHWYV
7KH HPSW\ OLVW LV FRQVLGHUHG IDOVH
" ,QGH[LQJ DQG VOLFLQJ ZRUN DOPRVW WKH VDPH zZD\ IRU VWULQJV DQG
" ,QGH[LQJ RU VOLFLQJ D VWULQJ DOzZD\V UHWXUQV D VWULQJ
" ,QGH[LQJ D OLVW UHWXUQV D VLQJOH LWHP
60LFLQJ D OLVW UHWXUQV D QHZ OLVW

T 5D EFG @
'SULQW [> @
SULQW [> @
SULQW [> @

ia

4
12, 'bed

' $V EHIRUH 3\WKRQ DOZD\V FKHFNV ERXQGVY RQ HOHPHQW DFFHVV EXW WUXC
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"' $VVLIQ D QHZ YDOXH WR D> Q@VWYHOHPHQW XVLQJ

JDVHV > KHOLXP DUJRQ QHRQ @

'SULQW JDVHYV
L
'ZKLOH L OHQ JDVHV
‘ JDVHV>L@ FKDQJHG
SULQW JDVHV
1 L
[helium', ‘argon’, 'neon’]
[changed', "argon’, 'neon’]
[changed’, ‘changed', 'neon’]
i['changed', 'changed’, 'changed']

&UHDWHY D QHZ OLVW

OHIW >/ () 7@

"ULJKW > 5
"ERWK OHIW ULJKW
'SULQW ERWK

L, ESF, T WS R T, T E]

&DQ W FRQFDWHQDWH D VWULQJ DQG D OLVW

" GHGHOHWHY VRPHWKLQJ I[IURP WKH OLVW DQG VKRUWHQV WKH OLVW

7KH 3VRPHWKLQJ  FDQ EH D VOLFH LQ ZKLFK FDVH VHYHUDO LWHPV DUH GHO
'YDOXHVY >D E F G H@

'SULQW RULJLQDO YDOXHV

'GHO YDOXHV> @

'SULQW DIWHU GHOHWLQJ LWHP YDOXHV
"GHO YDOXHV> @

iSULQW DIWHU GHOHWLQJ ODVW WZR UHPDLQLQJ LWHPV

original ['a’, ‘b, 'c’, 'd’, 'e’]
‘after deleting item 2 ['a’, 'b’, 'd’, 'e']

after deleting last two remaining items ['a', 'b']

YDOXHYV

$GGLQJ WZR RU PRUH OLVWV FRQFDWHQDWHV WKHLU HOHPHQWYV

% XOMVW WHHWHDWHY D OLVW ZKRVH HOHPHQWY DUHWKH FKDUDFWHUV RI WK|

" /[LNH VWULQJV OLVWYV DUH REMHFWV DQG KDYH PHWKRGYV

,Q WKH H[DPSOHVY EHORZQDWR.X®PBD\ E F @
Method Purpose Example Result
DSSH@GG WR WKH HQG RI WHHDOEWWG > F

FRXQVWRXQW KRZ PDQ\ WLPHY WRPGIW KE QJ
DSSHDUV LQ WKH OLVW

LQGH[)LQG WKH ILUVW RFFXUUH@QGEMH RD VRPHWKLQJ
LQ WKH OLVW

LQVHU®VHUW VRPHWKLQJ LQWROWHBWOLVVELDPRJG

E
UHPRYSHPRYH WKH ILUVW RFHXWHRRYHH RI > D
VRPHWKLQJ IURP WKH OLVW
UHYHBLWYHUVH WKH OLVW LQ[SJKODFHUJVH > F
VRUWG6RUW WKH OLVW LQ SOPFRUW > D
7TDEOH /ILVW OHWKRGV
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" 1IRWHYV
W V DQ BUVUWUWQEBIQ W ILQG WKH LWHP LW V VHDUFKLQJ IRU
7KH QH[W OHFWXUH GHVFULEHV KRZ WR KDQGOH HUURUV
OLVW UHYPQBH VW VEBKWQJH WKH OLVIWQBIQG UHWXUQ
[ [ UHYHUVHV D FRPPRQ HUURU
LW UHYHWXW WKHYRRMVYR DOO GDWD LV ORVW

BIVWWKRRWWDWHPHQW DXWRP D W LFRDD/EN @MRARRSO/O R F ML RVWK H
IRU [ LQ WH{WWWR HDFK F K DAUH[RWY HUXR IQ
IRU [ LQ VRPH/YMVWR HDFK HOWPRHQWRIWXUQ

TRUF LQ OHDG
~ suLQw F
SULQW

%IRU [ LQ > KHOLXP DUJRQ QHRQ @
SULQW [ FDSLWDOL]H
+l+ +e+ +a+ +d+

‘Helium

‘Argon

NI

7KH WUDLOLQJ FSRREPIMMWLODWWMRHQW VXSSUHVVHVY WKH DXWRPDWLF QHZOLQH
" 7TKH EXLOW LUD X EMWDLWREV>WWID OWYV WWDUW HQG @

1IRWHIQG MXVWVDAWDUW H@GEKH HOHKISQMR/ EXW QRIMGQFOXGLQJ
UDQJH HQB WKH VDPBJIJHW HQG

UDQJH VWDUW HQGIRHWHL) LQFUHRPH WYV RI

0D\ JHQHUDWH DQ HPSW\ OLVW

'SULQW UDQJH
SULQW UDQJH

'SULQW UDQJH

'SULQW UDQJH

2,3,4]

0,1,2]

2,5, 8]

7R ORRS IURP WRUIL LQVHDQJIH 1

7R ORRS RYHU WKH LQGLFHVRRJ D 1OQ W\W QRIH \OMQLYATXMB FH

'FKDUV DEF e
'IRULLQ UDQJH OHQ FKDUV

j SULQW L FKDUV>L@

0a

1b

[ LQ FLYUXHI WKH [YIDOX® WKH FROOHFWLRQ

(TXLYDOHQW WR D VXEVWULQJ WHVW RQ VWULQJV
[ LQ +DUULYDOVH
DU LQ +DUWWUXH

'RUNV HOHPHQW E\ HOHPHQW RQ OLVWYV
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LQ > @LVUXH
> @ LQ > @ YD OVH

YRZHOV ~DHLRX
IRU Y LQ YRZHOV
LI'Y LQ XUDQLXP

SULQW Y
Nesting Lists

6LQFH OLVWYV FDQ FRQWDLQ DQ\WKLQJ \RX FDQ EXLOG OLVWV RI OLVW
(IDPSOH XVH D OLVW RI WZR YDOXHV WR UHSUHVHQW D SRLQW DQG D OLVW

YLIXUH /JLQH 6HJPHQW

" :ULWH LQGLFHYVY OHIW WR ULJKW WR VHOHFW HOHPHQWY IURP WKH RXW

r >> @ > @@
SULQW [> @

SULQW [> @> @
123, 29]

" 7KH QHVWHG OLVWY DUH REMHFWY LQ WKHLU RZQ ULJKW
7KH RXWHU OLVW VWRUHYV D UHIHUHQFH WR WKH LQQHU OLVW

%XW WKH LQQRRNOQRYWEBWVLW V EHLQJ UHIHUUHG WR
" 2EMHFW LQ 3\WKRQ DOPRVW QHYHU NQRZ ZKR V SRLQWLQJ DW WKHP

" KHQ \RX LQGH[ WKH RXWHDO I®RW W KR X QGIMU DOL VW

$QRWKHU QDPH IRU WKH VDPH GDWD
&KDQJHV PDGH WKURXJK HLWKHU UHIHUHQFH XSGDWH WKH VDPH GDWD

\ > @
‘'SULQW EHIRUH QHVWHG OLVW LV [

suLQW DQG VXEOLVW LV \
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‘'SULQW DIWHU QHVWHG OLVW LV [
SULQW DQG VXEOLVW LV \

ibefore: nested list is [['a’, 'b, ['c', 'd’, 'e']]

...and sublist is ['a’, 'b']

after: nested listis [[123, 'b, ['c', 'd', 'eT]

....and sublist is [123, 'b']

YJLIXUH $OLDVLQJ ,Q $FWLRQ

", OLHG WR \RX HDUOLHU ZKHQ , VDLG WKDW LQGH[LQJ DQG VOLFLQJ GR
" 7KH WHFKQLFDO WHUP LV 3SHGDJRJLFDOO\ PRWLYDWHG PLVGLUHFWLRQ’
,QGH[LQJ UHWXUQV ZKDWHYHU WKH OLVW LWVHOI FRQWDLQV
,Q WKH FDVH RI D QHVWHG OLVW WKLV LV D UHIHUHQFH WR WKH VXEOLVW
" 60LFLQJ UHWXUQV D QHZ OLVW FRQWDLQLQJ WKH VHOHFWHG HOHPHQWYV RI V
" 6R FKDQJHV WRQRMOHFWNM WRKH RULJLQDO OLVW
' &DQ W WHOO WKH GLIITHUHQFH ZLWK VWULQJVY VLQFH WKHUH V QR ZD\ WR X
\ [> @
'SULQW EHIRUH QHVWHG OLVW LV |
SULQWwW DQG VOLFH LV \

> e

'SULQW DIWHU QHVWHG OLVW LV |
SULQW DQG PRGLILHG VOLFH LV \
before: nested listis [['a, 'b7], ['¢', 'd", '], [, ']

...and slice is [['a, 'b, ['c', 'd', ']

after: nested listis [['a', 'b7], ['¢', 'd", '€, ['f, 'g]

...and modified slice is [123, ['¢', 'd", 'e']
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J)LIXUH 60OLFLQJ &RSLHV 'DWD

<HV LW FDQ EH FRQIXVLQJ«

" «EXW DQ\WKLQJ HOVH ZRXOG EH XQDFFHSWDEO\ VORZ«
«VR GUDZ GLDJUDPV ZKHQ \RX QHHG WR«

«DQG GRQ W ZULWH RYHUO\ FRPSOLFDWHG FRGH LQ WKH ILUVW SODFH

3\WKRQ DFWXDOO\ KDV D VHFRE)GSWMHSH RI OLVW FDOOHG D
-XVW OLNH D QRUPDO OLVW EXW LPPXWDEOH L H FDQ W EH FKDQJHG DIWH
‘ULWWHQ XVLQJ SDUHQWKHVHV LQVWHDG. @V WHDBURI@UDFNHWV
(PSW\ WXSOH LV
7XSOH ZLWK RQH HOHPHQW PXVW EH ZULWWHQ ZLWK D FRPPD DV LQ
%HFDXVHKDV WR EH MXVW WKH LQWHJHU RU WKH PDWKHPDWLFLDQV ZLO
' K\ ERWKHU"
BHUIRUPDQFH LI \RX NQRZ WKH OHQJWK Rl WKH VHTXHQFH LVQ W JRLQJ WR |
7KHUH DUH SODFHV ZKHUH 3\WKRQ QHHGV LPPXWDEOH REMHFWV WKDW FRQW
' 'H OO0 PHHW WKHP LQ WKH QH[W OHFWXUH
, VWLOO WKLQN LW V D ZDUWc«
7XSOHV DOORZ 3\WRROQWVRYSORWIGGHVVLIQPHQW
"D E DVVLIJQW DWR E WR
(TXLYDOBQ® WR
"D E F > @GRHV ZKDW \RX G H[SHFW
D E > @LV DQ HUURU

" 1XPEHU RI WDUJHWYVY RQ WKH OHIW PXVW PDWFK WKH QXPEHU RI YDOXHV RC
D E E DVZDSV WKH YOD@BHV LQ

8VH PXOWL YDOXHGI PMORRYY WNRVXIQEDFN VWUXFWXUHY RQ WKH 10\

'FRUQHUV >> @ > @ > @ > @@
VXP; VXP<
IRU F; F< LQ FRUQHUV
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'VXP; IORDW VXP; OHQ FRUQHUV
'VXP< IORDW VXP< OHQ FRUQHUV
'SULQW FHQWHU LV VXP; VXP<
center is 2.75 4.75

" 8VH WKH EXLOW SH)OQMWR RSHR)XQD ILOH
JLUVW DUJXPHQW LV SDWK
" 6HFRQ®@LVYRU UHDG IRW ZULWH
5HVXOW LV D ILOH REMHFW ZLWK PHWKRGV IRU LQSXW DQG RXWSXW

'LQILOH RSHQ ILOH W[W U
'RXWILOH RSHQ FRS\ W[W z

'OLQH LQILOH UHDGOLQH

' ZKLOH OLQH

f RXWILOH ZULWH OLQH
OLQH LQILOH UHDGOLQH

LQILOH FORVH
RXWILOH FORVH

" +HUH V ZKDW MXVW KDSSHQHG
JLUVW VWDWHRBOW RBH QWDGLQJ DQG DVVLJIQYWSWWH ILOH REMHFW WR
' BHFRQG VWDWHPR®WVRBRH @QWLWLQJ DQG DVVLRXWWXW ILOH REMHFW WR
3URJUDP WKHQ WULHV W®RSHMMWDG D OLQH IURP
1 WKH ILOHOLWQHP ®SWVLIQHG IVRKH YD O XH

" /JLNHXODQ & QXWX -DYD LW PHDQV (QRWKLQJ KHUH" DQG LV FRQVLGHUHG |

$V ORQJ DV WKHUH DUH OLQHV LQ WKH LQSXW ILOH WKH SURJUDP
' JULWHV WKH PRVWRXMFEHXQW OLQH WR

5HDGV WKH QH[W OLQH
"KHQ WKH LQSXW ILOH LV H[KDX\\WHED\BKMW SXYWIUDP FORVHYV

3\WKRQ ZLOO FORVH WKH ILOHVY DXWRPDWLFDOO\ ZKHQ WKH SURJUDP H[LW)
«EXW LW V JRRG SUDFWLFH WR WLG\ XS \RXU WR\V ZKHQ \RXU GRQH SOD\LQ

" &RXOG DOVR FRS\ ILOHV OLNH WKLV

'LQILOH RSHQ ILOH W[W U
'RXWILOH RSHQ FRS\ W[W z
'IRU OLQH LQ LQILOH

RXWILOH ZULWH OLQH
'LQILOH FORVH

'RXWILOH FORVH

" 2U WKLYV

LQILOH RSHQ ILOH W[W U
'FRQWHQWYV LQILOH UHDGOLQHYV
LQILOH FORVH

RXWILOH RSHQ FRS\ W[W Z
'RXWILOH ZULWHOLQHV FRQWHQWYV
'RXWILOH FORVH

" ORUDO RI WKH VWRU\ JHW WR NQRZ WKH VWDQGDUG OLEUDU\ RI ZKDWF
"' $ ZHHN RI KDUG ZRUN FDQ VRPHWLPHY VDYH \RX DQ KRXU RI UHDGLQJ WRR«
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Exercise 7.1:
:KDW GRO-DDWODD FRXQW DBWXUQ" :K\"
Exercise 7.2:

"KDW GRHV WKH EXHQWPHYOGRMBWHRQV WR ZULW H L) GRQY FMAIDRWQ \FDRIOW® OLVW RI
YDOXHNQG D QXPEMKFEBQIOAGGDUIJXPHQWY DQG UHWXUQV D OLVW RO XBKHI QR FD\
WKWWEUHVKR®AG H[DPIS@E2YHU > @ VKRXOG ¥ HWMXWQQFH WKH YDO
LQSXW OLVW DW ORFDWLRQV DQG DUH JUHDWHU WKDQ WKH WKUHVKROG

Exercise 7.3:

:KDW GR HDFK RI WKH IROORZLQJ ILYH FRGH IUDJPHQWYVY GR" :K\"

[ > D E F G @
> e T
‘[ >D | E F G @
> e
[ >D | E F G @
> e > e
Exercise 7.4:
:KDW GROHWRLQ > E F GWHWXUQ" , \RX KDYH D OLVW RI VWULQJVY KRZ FDQ

VWDWHPHQW" :K\ R LRWK ZMWKIWMWHQ WKLV ZB\E UDRNKHU @V KIRQ @ VD

WRS

Functions, Libraries, and the File System

'UDIW 9HUVLRQ

' 3\WKRQ KDV
7KH XVXDO SULPLWLYH GDWD W\SHV QXPEHUV VWULQJV %RROHDQV
' 7KH XVXDO zZD\V WR FRPELQH VWDWHPHQWYV ORRSV DQG FRQGLWLRQDOV
" JLVWV IRU VWRULQJ FROOHFWLRQV RI GDWD
' 7KLV OHFWXUH GHVFULEHYV
)XQFWLRQV IRU UHXVLQJ FRGH DQG PDNLQJ LW HDVLHU WR XQGHUVWDQG
' ORGXOHV IRU EXLOGLQJ OLEUDULHYV
' YJRXU FRPPRQO\ XVHG OLEUDULHV
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'HILQH D QHZ IXQBWLRQ XVLQJ

$UIJXPHQW QDPHV IROORZ LQ SDUHQWKHVHYV

' 1R W\SHYV

- 'HILQH IXQFWLRQ
GHI DYH [ \

1 UHWXUQ [ \

~ 8VH IXQFWLRQ
SULQW DYH

"GHI VLIQ [
f LI
UHWXUQ
LI
UHWXUQ
UHWXUQ

"IRU L LQ > @
f SULQW L VLJQ L

-17.0 -1
133.31

)XQFWLRQV ZUWW >XRGDWRPHQWY WHQG WR EH KDUG WR XQGHUVWDQG
(YHU\ IXQFWLRQ UHWXUQV VRPHWKLQJ

UHWXRQ LWV RZQ LV WHW XVDP H ROQH

)X QFW LR Q VUHMWMXYRPOMW HPHQW VIRQWR UHWXUQ

" OLVW VPUWWMBLVW UHYBWUWWHH[DPSOHYV
'GHI GRXEOHBHOW [
‘ IRULLQ UDQJH OHQ |

[>L@ [>L@

"'YDOXHV > \] > @@

%SULQW YDOXHV EHIRUH FDOO YDOXHV
%UHVXOW GRXEOHBHOW YDOXHYV
%SULQW UHVXOW RI FDOO UHVXOW
%SULQW YDOXHV DIWHU FDOO YDOXHV
\values before call: [3, 'xyz', [9]]

‘result of call: None

\values after call: [6, 'xyzxyz', [9, 9]]

9DULDEOHY FUHDWHG LQ IXQFWLRQ DUH ORFDO WR LW
JUHVK FRSLHY FUHDWHG IRU HDFK FDOO

9DOXHV GLVFDUGHG ZKHQ WKH IXQFWLRQ UHWXUQV

$V DOZD\V YDULDEOHV PXVW EH GHILQHG EHIRUH WKH\ FDQ EH XVHG
3\WKRQ PDQDJHV YDUEDEOHAWR¥NQJ D

.~ *OREDO YDULDEOH FDOOHG [

- )JXQFWLRQ WKDW GHILQHV D ORFDO YDULDEOH FDOOHG [
‘GHI I DUJ
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SULQW LQ FDOO [ LV [

: &DOO WKH IXQFWLRQ WR SURYH WKDW LW XVHV LWV ORFDO |
§SULQW EHIRUH FDOO JOREDO [ LV [

O

'SULQW DIWHU FDOO JOREDO [ LV |

‘before call, global x is 123

in call, x is 999

after call, global x is 123

JLIXUH &DOO 6WDFN D

Created by Prince (www.princexml.com)



JLIXUH &DOO 6WDFN E

J)LIXUH &DOO 6WDFN F
" (DFK WLPH D IXQFWLRQ LV FDOOHG 3\WKRQ FUHDWHY QHZ YDULDEOHV DQG

" :KHQ D YDULDEOH LV UHIHUHQFHG&W3D WK REBOCHRER DW DWW REKOHD WRELDEOHV
" 8QOLNH VRPH ODQORWBBPVYF&RHVHU\ IUDPH LQ WKH VWDFN
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B3\ WKRQ FRSLHVY YDULDEOHYV YDOXHV ZKHQ SDVVLQJ WKHP WR IXQFWLR
" 6LOQFH %RROHDQV QXPEHUV DQG VWULQJV FDQ W EH XSGDWHG D IXQFWLRQ
%XW LI \RX SDVV D OLVW WR D IXQFWLRQ WKHQR®FWRERQ ZLOO RSHUDWH RQ

'GHI PXWDWH [\
3 [
\> @ PRGLILHG
VLQJOH
‘WULSOH > @
SULQW EHIRUH FDOO VLQJOH LV VLQJOH DQG WULSOH LV WULSOH
PXWDWH VLQJOH WULSOH
SULQW DIWHU FDOO VLQJOH LV VLQJOH DQG WULSOH LV WULSOH

‘before call, single is 1 and triple is [1, 2, 3]
‘after call, single is 1 and triple is ['modified’, 2, 3]

YLIXUH $UJXPHQW 3DVVLQJ D
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JLIXUH $UIXPHQW 3DVVLQJ E

JLIXUH $UIXPHQW 3DVVLQJ F
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YLIXUH $UJXPHQW 3DVVLQJ G

", \RX ZDQW WR SDVV D FRED RHHBHXOLNYWHLQMWRIOH WULSOH> @
WULSOHEV@NVNKH VIVRIHSPO/H> OHQ WWLSOH @
" «ZKLFK LV DWOLSWKRIDW LQFOXGHYV WKH HQWLUH OLVW«
«DQG VOLFLQJ FUHDWHY D QHZ OLVW

JLIXUH 3DVVLQJ D 60OLFH
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<RX FDQ VSHFLI\ GHIDXOW YDOXHV IRU SDUDPHWHUYVY ZKHQ GHILQLQJ D

" -XVW 33DVVLIQ" VRPH FRQVWDQW WR WKH SDUDPHWHU LQ WKH GHILQLWLRQ

7KH SDUDPHWHUY DFWXDOO\ SDVVHG ZKHQ WKH IXQFWLRQ LV FDOOHG DUH P
6R SXW WKH SDUDPHWHUV WKH XVHU LV OHDVW OLNHO\ WR ZDQW WR FKDQ.

' GHI WRWDO YDOXHV VWDUW HQG 1RQH

.l QR YDOXHV JLYHQ WRWDO LV JHUR
LI QRW YDOXHV
UHWXUQ

.l QR HQG VSHFLILHG XVH WKH HQWLUH VHTXHQFH
LI HQG LV 1RQH

HQG OHQ YDOXHV

&DOFXODWH
UHVXOW
IRUL LQ UDQJH VWDUW HQG
UHVXOW YDOXHV>L@

‘ UHWXUQ UHVXOW
‘numbers being added [10, 20, 30, 40, 50, 60]
‘total(numbers, 0, 3) 60
‘total(numbers, 4) 110
‘total(numbers) 210

' $00 DUIJXPHQWYV ZLWK GHMMPM»IBONYURXPWRRWVHELWKRXW WKHP
2ZWKHUZLVH PDWFKLQJ YDOXHV WR SDUDPHWHUV ZRXOG EH DPELJXRXYV

' GHI WRWDO YDOXHV VWDUW HQG

.l QR YDOXHV JLYHQ WRWDO LV JHUR
LI QRW YDOXHV
UHWXUQ

&DOFXODWH
UHVXOW
IRULLQ UDQJH VWDUW HQG
UHVXOW YDOXHV>L@
UHWXUQ UHVXOW

.1 D IXQFWLRQ KDV EHHQ GHILQHG WKH ULJKW zZD\ \RX FDQ FDOO LW ZL
' /IDVW SDUDPHWHU LQ GHILQUWRKQQY RX\W \K DDH H
' '"RHVQ W PDWWHU ZKDW LW V FDEB8DMGEGD EXW PRVW SHRSOH XVH

$Q\ *OHIWRYHU" SDUDPHWHUV DUH SXW LQ D WXSOH DQG SDVVHG YLD WKLV L
' GHPHPEHU D WXSOH LV DQ LPPXWDEOH XQPRGLILDEOH OLVW
&DQ RQO\ EBWRIXPHQW SHU IXQFWLRQ

.| WKHUH ZHUH WZR RU PRUH KRZ ZRXOG 3\WKRQ NQRZ ZKLFK H[WUD YDOXt
'GHI VKRZ ILUVW H[WUD
SULQW ILUVW H[WUD

VKRZ
VKRZ
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2QFH LW KDV EHHQ WUDQVODWHG LQWR LQVWUXFWLRQV D IXQFWLRQ L

" +DSSHQV WR EH DQ REMHFW \RX FDQ FDOO MXVW DV VWULQJV DQG OLVWYV K
" GHLV MXVW D VKRUWKDQG IRU 3FUHDWH D IXQFWLRQ DQG DVVLJQ LW WR D Y

GHI FLUFXP U
 UHWXUQ 3L U

%IRU [ LQ > @
f SULQW [ FLUFXP [

JLIXUH JXQFWLRQV $V 2EMHFWYV

7KLY PHDQV \RX FDQ

BHGHILQH IXQFWLRQV MXVW DV \RX FDQ UHDVVLJQ YDOXHV WR YDULDEOHV
&UHDWH DOLDVHV IRU IXQFWLRQV

3DVV IXQFWLRQV DV SDUDPHWHUYV
6WRUH IXQFWLRQV LQ OLVWYV

([DPSOH DSSO\ D IXQFWLRQ WR HDFK YDOXH LQ D OLVW
. $SSO\ D IXQFWLRQ WR HDFK YDOXH LQ D oLvw
'GHI DSSO\7R/LVW IXQF YDOXHV
‘ UHVXOW >@
IRU [ LQ YDOXHV
\ IXQF |
UHVXOW DSSHQG \
UHWXUQ UHVXOW

$ VDPSOH IXQFWLRQ FDOFXODWHV RlI YDOXH
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'GHI RQH7KLUG D
| UHWXUQ D

. 7THVW

"YDOXHV > @

'RXWSXW DSSO\7R/LVW RQH7KLUG YDOXHV
'IRULLQ UDQJH OHQ YDOXHV

f SULQW YDOXHV>L@ I RXWSXW>L@
0.0=>0.0

0.5 =>0.166666666667

0.75=>0.25

0.875 => 0.291666666667

10.9375 => 0.3125

([DPSOH DSSO\ VHYHUDO IXQFWLRQV WR D VLQJOH YDOXH

$SSO\ HDFK IXQFWLRQ LQ D OLVW WR D YDOXH
"GHI DSSO\(DFK IXQFWLRQV YDOXH
1 UHVXOW >@
IRU | LQ IXQFWLRQV
\ | YDOXH
UHVXOW DSSHQG \
UHWXUQ UHVXOW

. 2QH KDOI
'GHI RQH+DOI D
‘ UHWXUQ D

~ 2QH WKLUG
GHI RQH7KLUG D
| UHWXUQ D

. 2QH TXDUWHU
'GHI RQH4XDUWHU D
3 UHWXUQ D

i THVW

IXQFWLRQV >RQH+DOI RQH7KLUG RQH4XDUWHUG@
ﬁRXWSXW DSSO\(DFK IXQFWLRQV

'IRUL LQ UDQJH OHQ IXQFWLRQV

f SULQW IXQFWLRQV>L@ BBQDPHBB RXWSXW>L@
‘oneHalf 0.125

}oneThird 0.0833333333333

‘oneQuarter 0.0625

1RWH HYHU\ IXQFWLRQ KDB/BROQ DHEE UEE XW HVKBO@BIBSH LW ZDV RULJLQDOO\ G
' +DQG\ ZKHQ GHEXJJLQJ
~ $Q H[DPSOH IXQFWLRQ
'GHI RULJLQDO OHIW ULJKW

UHWXUQ OHIW ULJKW

. &UHDWH DQ DOLDV IRU LW
' DOLDV RULJLQDO

&DOO WKHP GLUHFWO\

%SULQW FDOOLQJ RULJLQDO RULJLQDO BBQDPHBB RULJLQDO
'SULQW FDOOLQJ DOLDYV DOLDVY BBQDPHBB DOLDYV

. *HW D OLWWOH IDQF\
'SULQW &DOOLQJ LQ ORRS
'IRU | LQ >RULJLQDO DOLDV@
‘ SULQW | BBQDPHBB |
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‘calling original: original 3.5
calling alias: original 3.5
Calling in loop...

original 6.5

original 6.5

" (YHU\ 3\WKRQ ILOH LV DXREXMLOEDBOD D\OVR D
" I WKH ILOH\L\5\FDOORDHEG LMP SRUQI[\]
' 7KH VWDWHPHQWY LQ WKH PRGXOH DUH H[HFXWHG DV LW LV ORDGHG
' $VVLIQPH@GWM DG VWDWHPHQWV
' <RX FDQ XVH FRQGLWLRQDOV ORRSV DQG DQ\WKLQJ HOVH WRR
" BHIHU WR WKLQJV LQPRPRIEX /K XYL QJ
' 3XW WRLELEQS\

$ FRQVWDQW

'YDOXH

~ 5HPHPEHU PRGXOHV DUH H[HFXWHG DV WKH\ UH ORDGHG
LI YDOXH

~ VL]IH VPDOO

HOVH

VL]H ODUJH

 $ IXQFWLRQ
'GHI SULQWI9HUVLRQ
‘ SULQW 6WXIlI 9HUVLRQ

. /IRDG WKH FRQWHQWYV RI P\OLE S\
' LPSRUW P\OLE

. 'HILQH RXU RZQ YHUVLRQ RI YDOXH
'YDOXH VRPHWKLQJ HOVH HQWLUHO\

~ B6KRZ P\OLE V YDOXHV
'SULQW P\OLE YDOXH P\OLE YDOXH
'SULQW P\OLE VL]H P\OLE VL]H

. 6KRZ RXW RZQ YDOXHYV
'SULQW RZQ YDOXH YDOXH

~ &DOO IXQFWLRQ
"P\OLE SULQW9HUVLRQ

. /IRDG WKH FRQWHQWYV RI P\OLE S\
' LPSRUW P\OLE

- 'HILQH RXU RZQ YHUVLRQ RI YDOXH
'YDOXH VRPHWKLQJ HOVH HQWLUHO\

. 6KRZ P\OLE V YDOXHV
'SULQW P\OLE YDOXH P\OLE YDOXH
'SULQW P\OLE VL]H P\OLE VL]H

. 6KRZ RXW RZQ YDOXHV
'SULQW RZQ YDOXH YDOXH
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. &DOO IXQFWLRQ
"P\OLE SULQWY9HUVLRQ
‘mylib.value 123

‘mylib.size small

‘own value: something else entirely
Stuff Version 2.2

" 1IRWLFH WRDON EERWXSURJUDPGSh LY(IHO X H
(DFK PRGXOH LV LWV RZQ JOREDO VFRSH
' "KHQ VRPHWRL@MUEL®\HIHUHDFHXHW DOZD\V JNWIXWV RZQ
' <RX FDQ DOVR XVH
LPSRUW P\OLE DWKR@® FDLAQW9HUVLRQ
IURP P\OLE LPSRUW SULQWHEBRQWIHUVLRQ
' 4XHVWLRQ ZKDW ZRXOGIMRBFHQLE LRSRUVE YDOXH
IURP P\OLE LPSRWPWRUWY HYHURWKLIEQJ IURP

" 3\WKRQ LV D VPDOO ODQJXDJH ZLWK D ODUJH OLEUDU\
OXFK RI WKH VWDQGDUG OLEUDU\ LV MXVW 3\WKRQ LQWHUIDFHVY WR VWDQGD!
" ([DPSOH PYWBILEUDU\

Type Name  Purpose Example Result
&ERQVWDQW&RQVWDQW H «
SL &RQVWDQW SL «
)XQFWIHR® &HLOLQJ FHLO
IORRU)ORRU IORRU
H[S (ISRQHQWLDO H[S «
ORJ /RJDULWKP ORJ «
ORJ
ORJ %DVH ORJDULWKPORJ «
SRZ 3RZHU SRZ
VTUWG6TXDUH URRW VTUW
FRV &RVLQH FRV SL
DVLQ $UF VLQH DVLQ «
K\SRW(XFOLGHDQ QRUP K\SRW «

GHIUKHRWYHUW IURP UDGGBHQVMHWKN GHIJUHHYV
UDGLEBERWYHUW IURP GHIJIUBDKL. DWMR/ UDGLDQV

7TDEOH 7KH 3\WKRQ 6WDQGDUG ODWK /LEUDU\

$00 WKH RWKHU WULJWDRAHWDHW FX QB WH RDQIDW R WKHUH
DEVYV EXLOW LQ WR WKH ODQJXDJH GRQ W KDYH WR LPSRUW DQ\WKLQJ WR X

" ORVW FRPPRQO\ XVHG OLEUDU\ LQ 3SWKRQ LV WKH VA\VWHP OLEUDU\
,QIRUPDWLRQ DERXW 3\WKRQ HJ YHUVLRQ QXPEHU DQG FRS\ULJKW QRWLF/|
,QIRUPDWLRQ DERXW WKH HQYLURQPHQW H J ZKDW RSHUDWLQJ VA\VWHP WK

" $GYDQFHG IHDWXUHVY WKDW PHUH PRUWDOV VKRXOG QHYHU PHGGOH ZLWK

" %\ FRQYHQWLRQ DOZDARSIRARBRWWHG ZLWK

" OHPEHUV UHIHWUWH G WIRWNIKHMU WKDQ MXVW

" &RQWHQWYV

Type Name Purpose Example Result
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'DWD DUJY 7KH DUJY> @
SURJUDP V
FRPPDQG
OLQH
DUJXPHQWYV

PD[LQWDUJHVWV\V PD[LQW
SRVLWLYH YDOXH
WKDW FDQ EH
UHSUHVHQWHG
E\ 3\WKRQ V
EDVLF LQWHJHU
W\SH

SDWK /LVW RI V\V SDWK
GLUHFWRULHV
WKDW 3\WKRQ
VHDUFKHYV
ZKHQ
LPSRUWLQJ
PRGXOHYV

SODW IRKPW W\YHVRSODWIRUP
RSHUDWLQJ
VA\VWHP
3\WKRQ LV

UXQQLQJ RQ

P\WFULSW RU ZKDWHYHU \R
SURJUDP LV FDOOHG

> KRPH JUHJ S\OLE
3\WKRQ OLE
3\WKRQ OLE VLWH SDFNDJ

ZLQ

VWGLQ6WDQGDVEB/ VWGLQ UHDGOLQH7\SLFDOO\ WKH QH[W OLQH

LQSXW

VWGRXOMWDQGDWVGBY VWGRXW ZULWH

RXWSXW

NH\ERDUG
7\SLFDOO\ SULQW IRXU VWL

VWGHUBMWDQGDVEBY VWGHUU ZULWH 3WRDVWDOPQ HUURU PHVVDJH W

HUURU FUDVKLQJ ?Q
YHUVLRKDW YHVW.R@UVLRQ
Rl 3\WKRQ WKLYV

LV
)XQFWILRW ([LW IURR\V H[LW
3\WKRQ

UHWXUQLQJ D
VWDWXV FRGH
WR WKH
RSHUDWLQJ
V\VWHP

JHE

>06& Y ELW
,QWHO @
THUPLQDWHY SURJUDP ZLWK

7TDEOH 7KH 3\WKRQ 6\VWHP /LEUDU\

" V\V DULW DXWRPDWLFDOO\ LQLWLDOL]J]HG WR WKH SURJUDP V FRPPDQG

" 3URJUDP V QDPHVLY DOXDXV@

([DPSCHWKRQ SURJUDP S\ GHMRSMRJIJUDP S\

G QRLV\ @

" VIV SDWKX WKH OLVW RI SODFHV 3\WKRQ LV DOORZHG WR ORRN WR ILQG

,QLWLDOLJHIXTYRPIBAGHY LURQPHQW YDULDEOH

" 'LUHFWRU\ FRQWDLQLQJ WKH SURJUDP EHLQJ UXQ LV DXWRPDWLFDOO\ SXW

' IV\V SDW¥ KRPH VZF H[PSO S\
ORRN IRU
KRPH VZF H[PSO S\ TXDUN S\
KRPH VZF OLE TXDUN S\
' 3\WKRQ OLE TXDUN S\
WKHQ IDLO

KRPH VZF OLE S\WKRWQKIHB EUR/ TXDLOKW
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" VIV VWGRLQG\V VWGCGRPXW QRUPDOO\ FRQQHFWHG WR WKH NH\ERDUG DQG

,/ \RX UHGLUHFW LQSXW VRV DWEWLDICYI IDRRPHILOH RU DQRWKHU SURJUDP
" B\WKRQ UHDGHU S\ VRPHUHIDHGWUWEB\V VWGWIPDGY VBRAILOH WI[W

I \RX UHGLUHFW RXWSXW\RW WGHYWVWEY DVELBHLOH RU DQRWKHU SURJUDP
" S\WKRQ ZULWHU S\ _ VRUWRUWRQIWKHZRKWBXNDBR UHPRYHV GXSOLFDWH OLQI

" V\V HILWHUPLQDWHYVY WKH SURJUDP VDAIONXMNRRWEGY B Q HWQDDMHIMU VIVWHP

LQGLFDWHV VXFFHVVIXO H[HFXWLRQ
1RQ JHUR LV DQ HUURU FRGH

30HDVH EH SROLWH DQG UHWXUQ RU LI \RX GHWHFW DQ HUURU LQ \RXU
<HV LW V WKH RSSRVLWH RI ZKDW \RX G H[SHFW«
I \RX GRQ W H[LW H[SOLFLWO\ 3\WKRQ UHWXUQV

S]JHUR HUURUV’

' &DQ W GHOHWH ROG ILOHV RU FKHFN KRZ ORQJ \RXU SURJUDP KDV EHF
" THUPLQRORJ\

" /REDO W.ZHKDW WKH FORFN RQ \RXU ZDOO VKRZV

" SRQWHWLYPPMRIGXOH SUHVHQWHG RXW RI

7TKHHSREKN WKH PRPHQW IURP ZKLFK WLPH LV PHDVXUHG 2Q 8QL][
PHDVXUHG LQ VHFRQGV VLQFH WKHQ

&RRUGLQDWHG 8QRWHYVOHOLVLWKH RIILFLDO WLPH SODQHW (DUWK

WKH HSRFK

W XVHG W
W LV GHILQHG WR EH 87&

\RXWLPH |RSRWVLEO\ PREONQHIKWE\VDYLQJV WLPH
$OHDS WD \HDU WKDW KDV DQ H[WUD GD\ WR NHHS WKH FDOHQGDU LQ V\QF
$OHDS VHFRD@ H[WUD VHFRQG DGGHG WR D GD\ WR NHHS 87& LQ V\QFK ZLWK
' BRPHWLPHV WZR OHDS VHFRQGY KDYH WR EH DGGHG
$WLPH VWIUKPWQXREMHFW ZLWK QLQH ILHOGYVY UHSUHVHQWLQJ D WLPH LQ D P
' WPB\HD\WWDU H J
WPBPRRRQWK LQWHJIHU LQ WKH UDQJH > @
' WPBPGM\D\ RI WKH PRQWK LQWHJHU LQ WKH UDQJH > @
' WPBKRXWXU RI WKH GD\ LQWHJHU LQ WKH UDQJH > @
" WPBPLPRLQXWH Rl WKH KRXU LQWHJHU LQ WKH UDQJH > @
' WPBVHFHFRQG RI WKH PLQXWH LQWHJHU LQ WKH UDQJH > @
WPBZGIZHHN GD\ LQWHJHU LQ WKH UDQJH > @ ZLWK ORQGD\ EHLQJ
' WPB\GDGD\ Rl WKH \HDU LQWHJHU LQ WKH UDQJH > @
' WPBLVGGW\OLJKW VDYLQJV WLPH I10DJ

RUGHU VR WKDW WKH\ OO PDN|

Type Name Purpose Example Result
)XQFWMIRPH 7KH FXUUHQW. MVH. RVH. P H RQ
LQ VHFRQGY VLQFH ODUFK DWwW

WKH HSRFK
JPWLPH&RQYHUW DWWLIPRHIRWLPH
VHFRQGV VLQFH WKH
HSRFK WR D WLPH
VWUXFWXUH
UHSUHVHQWLQJ WKH
WLPH LQ 87&
ORFDOWLRHPWLPEXWLPH ORFDOWLPH

(67
$ VWUXFWXUH ZLWI|
V WPB\HDUXDO WR
V WPBKRIXXDO

WR HWF

$ VWUXFWXUH ZLWI|

FWLPH

UHWXUQV WKH ORFDO
WLPH

&RQYHUW DWILIPRHFWQPH
VHFRQGYV VLQFH WKH
HSRFK WR D
UHDGDEOH VWULQJ LQ
ORFDO WLPH
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DVFWLP&RQYHUW DWIIPARHDVFWLPH WLPH JPWLP&XQ 0DU
VWUXFWXUH WR D
UHDGDEOH VWULQJ LQ

87&
PNWLPHSRQYHUW DWULIPRHHPNWLPH LQ (DVWHUQ
VWUXFWXUH RU D 6WDQGDUG 7LPH

HOHPHQW WXSOH WR
VHFRQGV VLQFH WKH
HSRFK LQ WKH ORFDO
WLPH JRQH
VOHHS 3DXVH WKH WLPH VOHHS 1IRWKLQJ IRU ILYH
SURJUDP IRU WKH
VSHFLILHG QXPEHU
RI VHFRQGYV

7TDEOH 7KH 3\WKRQ 7LPH /LEUDU\

7KH QDPHV DQG EHKDYLRU RI WKHVH IXQFWLRQV DUH WDNHQ IURP WKH VWDC
' JHVV FRQVLVWHQW WKDQ RQH PLJKW ZDQW
)RU H[DPSOH QR HWXPMDRNWRPHFRQYHUWLQJ WR 87&
' $0ZD\V VWRUH DQG PDQLSXODWH WLPHV LQ 87&
' (VSHFLDOO\ LPSRUWDQW LQ D ZRUOG LQ ZKLFK WKH WHOHVFRSH FRXOG EH
'RQRWMU\ WR ZULWH FDOHQGDU FDOFXODWLRQV \RXUVHOI
W V D ORW KDUGHU WKDQ \RX WKLQN
' 8VH WHOHWHWRO@BDOHQ®RG XOH YV

" TKHRWRGXOH FRQWDLQV D ORW RI IXQFWLRQV IRU LOQWHUDFWLQJ ZLWK
' 7KH WDEOH EHORZ LV RQO\ D IUDFWLRQ RI WKHP

Type Name Purpose Example Result
&RQVWOQGLAKH RV FXUGLU RQ /LQX][
VI\PEROLF
QDPH IRU

WKH FXUUHQW
GLUHFWRU\

SDUG 7KK H RV SDUGLU RQ /LQX]
V\PEROLF
QDPH IRU

WKH SDUHQW
GLUHFWRU\

VHS 7KH RV VHS RQ /L®RQ :LQGRZV
VHSDUDWRU
FKDUDFWHU

XVHG LQ

SDWKYV
OLQH VS RV OLQHVHS 20RQ /LQOX[?QQ :LQGI

HQG RI OLQH
PDUNHU
XVHG LQ
WH[W ILOHV

) X Q FWOLLR/QV GILWUW WKW OLVWGLU WPS 7KH QDPHV RI DOO V
FRQWHQWYV RI GLUHFW RWR B/ ALH)SING

D GLUHFWRU\
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PNGLWKUHDWRWDPNGLU WPS VFUDWEK ODNH WKH G MJURHF WRL

QHZ 8VHRVY PDNHGWHBWDN|

GLUHFWRU\ GLUHFWRULHY DW R
UHPRYHOHWHRY UHPRYH WPS ZRUNLQJILOH WHOGHWH WKH ILOH

ILOH WPS ZRUNLQJILOH \

UHQDBHQDPHRY UHQDPH WPS VFUDWFK W[WORYH WKM PISOWFUDW
RU PRYHKRPH VZF GDWD LPSRUWDQW WKRPH VZF GDWD LP¢

DILOH RU
GLUHFWRU\

UPGLWHPRYHRY UPGLU KRPH VZF SBUREDEO\ QRW VRPFE
GLUHFWRU\ GR« 8\ R UHPRYHWIRL

VHYHUDO GLUHFWRL
VWDW*HW RV VWDW KRPH VZF GDWD LPSRUYG RWWWRERQWD Q\

LQIRUPDWLRQ FUHDWHG KRZ ODUJ

DERXW D ILOH
RU
GLUHFWRU\

7TDEOH 7KH 3\WKRQ )LOH 6\VWHP /LEUDU\

IRWRlV VWDWWXUQV DQ REMHFW ZLWK DW OHDVW WHQ PHPEHUV WKH PRVW L

" VWBVL]HWL]H LQ E\WHV

" VWBDWLWHPH RI PRVW UHFHQW DFFHVYV
VWBPWLWHPH RI PRVW UHFHQW PRGLILFDWLRQ

" 7TKHVH WLPHY DUH LQ VHFRQGYV VLQFH WKH HSRFK

‘LPSRUW WLPH RV

'LQIR RV VWDW VWDWBILOH S\

'SULQW VLI]H LQIR VWBVLI]H

'SULQW DFFHVV WLPH WLPH FWLPH LQIR VWBDWLPH
'SULQW PRGLILFDWLRQ WLPH WLPH FWLPH LQIR VWBPWLPH
size: 177

‘access time: Sat Jul 2 07:16:46 2005

‘modification time: Mon Jun 13 09:31:10 2005

" TKHRWRGXOH XREPRGOMRW G DWK

ODQLSXODWH SDWKQDPHV ILOHQDPHVY DQG GLUHFWRU\ QDPHV FRUUHFWO\ D
" '"RQRAAWLWH \RXU RZQ IXQFWLRQV IRU WKLV2WKH UXOHVY DUH WULFNLHU WKD

8VHG DW OHDVWVWWRHWHQ DV
' &RQWHQWYV

Type Name Purpose Example Result
)XQFWIER'GDWHKHDWH QRUAFDWEPHNWGK DEVSDWK MHHYDQ ELQ VFULSXWRFE
DEVROXWH SDWKQDPHYV LI H

EDVHOBDRWXUQ WKH RDBWWREWVRQDPH WPS VFUDWFK MXQWXQI

RI' D SDWK L H WKH
ILOHQDPH RU WKH ODVW
GLUHFWRU\ QDPH

GLUQDPHWXUQ DOO EBXVSDWKK ODWHWQ DPH WPS VFUDWFK MXQMW B3

SRUWLRQ RI D SDWK
HILVWWHWXWUQ@HI D RV SDWK H[LVWV VFULEEOH W[W
SDWKQDPH UHIHUV WR DQ
HILVWLQJ ILOH RU
GLUHFWRU\
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JHWDWiUH WM WKH ODVWRVDEFBWKVIHWDWLPH

WLPH RI D ILOH RU WKH

GLUHFWRU\ OLNH RU zZ

RV VWDW ODUF
JHWPWHWM WKH ODVWRYVY SDWK JHWPWLPH

PRGLILFDWLRQ WLPH RI D WKH

ILOH RU GLUHFWRU\ OLNH PRGL

RV VWDW WLPI

JHWVLFMHW WKH VL]HRRISDWK JHWVL]H S\ VZF
VRPHWKLQJ LQ E\WHV
OLRW VWDW
LVDEV 7UXHI LWV DURXPSIDWK LVDEV WPS GDWD W[W YDOV
LV DQ DEVROXWH
SDWKQDPH

LVILOH7UXHI LWV DURXPSIWK LVILOH WPS GDWD W[W 7UXE
LGHQWLILHYV DQ H[LVWLQJ WP
ILOH )DOV
LVGLU 7UXHI LWV DURNXPSIDWK LVGLU WPS 7UXE
LGHQWLILHYV DQ H[LVWLQJ VXEC

GLUHFWRU\
MRLQ -RLQ SDWKQDRM SDWK MRLQ WPS VFUDWFK GDWD WA\
IUDJPHQWYV WR FUHDWH D
IXOO SDWKQDPH
QRUPSDRAKPDOL]H D RV SDWK QRUPSDWK WPS VFUDWFK RWWHS
SDWKQDPH L H
UHPRYH UHGXQGDQW
VODVKHV XVHV RI
DQG HWF
VSOLW5S5HWXUQ ERWKRRISWMHK VSOLW WPS VFUDWFK GDW W F
YDOXHV UHWXUQHG E\
RV SDWK GLUQDPH
DQG
RV SDWK EDVHQDPH
VSOLWEHSWLW D SDWRVL GOWWKVZROLWH[W WPS VFUDWFK GDW WF
SLHRHRRMNQ B[W
VXFK WKRW WKH
ODVW SLHFH EHJLQQLQJ
ZLWK D

7TDEOH S\WKRQ V 3DWKQDPH /LEUDU\

' 3\WKRQ DVVLJQV WKH PRGXOH V QDFPBQWRHBRH VSHFLDO YDULDEOH
' BBPDLQEBHQ WKH ILOH LV UXQ IURP WKH FRPPDQG OLQH
7KH PRGXOH V QDPH ZKHQ LW LV ORDGHG E\ VRPHWKLQJ HOVH
' 2IWHQ XVHG WR GUDZ DWWHQWLRQ WR WKH PDLQ ERG\ RI D ODUJH SUR
' 2U WR LQFOXGH VHOI WHVWV LQ PRGXOH
. WKH PRGXOH LV ORDGHG E\ VRPHBBRIDQD BBR MV KV W QDWW DUE QVW U XQ

" 'DLO\ 3\WKRQ BE®RFWRU 'REE V -RXUQDO 3\WRE®QHFSW 3\WKRQ UHODWHG
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3\WKRQ &RRNBRBNWKH SULOQMNW WHOBIRQUH UHFLSHY UDQJLQJ LQ FRPSO
ILHQGLVKO\ VXEWOH

Exercise 8.1:

"ULWH D IXQFWLRQ WKDW WDH[HAQ B DR PHDWAL QU ¥ XFPIHMMHAG DQG UHW XU QY DN RH QWX F

DSSHDUV LQ WKH WHHHRKRX KO R OQ RWLARY PXWW D FRS\ RI WKWHWFRRQ® KDIOD R IWKH
GRFXPHQWDMWLULR@JIJRARXQW

Exercise 8.2:

:KDW GRHV WKH 3\WIORE BARVZKD® DUH VRRHRWR DZVRYWH FRGH WKDW XVHV LW"

Exercise 8.3:

&RQVLGHU WKH IROORZLQJ VDPSOH RI FRGH DQG LWV RXWSXW

'GHI VHWWLQJV ILUVW  UHVW
| SULQW ILUVW LV ILUVW

SULQW UHVW LV

IRU QDPH YDOXH LQ UHVW LWHPYV

SULQW QDPH YDOXH
SULQW

VHWWLQJV

VHWWLQJV WZR WKUHH 7+5((
firstis 1

restis

firstis 1

rest is

..two 2

... three THREE

KDW GRHV WKUHWBRIDEOW GRHV WKH GRXGAOHRIDMWRULWY QDPH PHDQ" +RZ GRH
HIDPSOH HIWKZLWK D VLQJOH DVWHULVN LQ WKH OHFWXUH"

Exercise 8.4:

B\WKRQ DOORZV \RX WR LPSRUW DOO WKH IXQFWLRQV DQG YDULDEOHV LQ D PRC
PRGXOH LWPORIWEBG FRQWDLQV D MOUHDKERGIGFD ARG EWORRLMAVROG ® IWHU WKH V!
IURP YDOXHV LPSRRXWFDQ WKHQ UHIKUHYKERHFNCLWRWKHU WKDQ KDYLQJ WR XV

YDOXHV 7TKUHREPOEHYV OLPISODLQ ZK\ WKLV LV JHQHUDOO\ FRQVLGHUHG D EDG
WKH DPRXQW SURJUDPPHUV KDYH WR W\SH

Exercise 8.5:

VIV VWGV VWGRRWGY VWGHWW YDULDEOHV ZKLFK PHDQV WKDW \RX FDQ DVVL.
ZDQW WR FKDQUH GAEIQEGH LWV RXWSXW \RX FDQ GR WKLYV

'LPSRUW V\V

'SULQW WKLV JRHV WR VWGRXW

"WHPS V\V VWGRXW

VIV VWGRXW RSHQ WHPSRUDU\ W[W Z
'SULQW WKLV JRHVY WR WHPSRUDU\ W[W
VIV VWGRXW WHPS
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'R \RX WKLQN WKLV LV D JRRG SURJUDPPLQJ SUDFWLFH" :KHQ DQG ZK\ GR \RX W
Exercise 8.6:

RV VWDW SDWWXUQV DQ REMHFW ZKRVH PHPEHUV GHVFULEH YDULRXVS®WRKSHUW
8VLQJ WKLV ZULWH D IXQFWLRQ WKDW ZLOO GHWHUPLQH ZKHWKHU RU QRW D IL

Exercise 8.7:

:ULWH D 3\WKRQ SURJUDP WKDW WDNHV DV LWV DUJXPHQWY WZR \HDUV VXFK D
WKH WK RI HDFK PRQWK IURP -DQXDU\ RI WKH ILUVW \HDU XQWLO 'HFHPEHU RI

Exercise 8.8:

ULWH D VLPSORKNMHKYLRYRRQ <RXU SURJUDP VKRXOG FKHFN HDFK GLUHFWRU\

HIHFXWDEOH SURJUDP WKDW KDV WKH QDPH JLYHQ WR LW RQ WKH FRPPDQG OLC

WRS

Testing Basics

'UDIW 9HUVLRQ

’ 7HVWLQJ VRIWZDUH LV MXVW DV LPSRUWDQW DV FDOLEUDWLQJ H[SHULI
%XW LW V GRQH IDU OHVV RIWHQ
5HDVRQ SHRSOH GRQ W NQRZ KRZ
5HDVRQ ORZ VWDQGDUGY FDQ SHUSHWXDWH WKHPVHOYHV XQWLO VRPHRQ
' $PHULFDQ FDUV LQ WKH v
" 6WXG\ DIWHU VWXG\ KDV SURYHG WKDW WKH PRUH WLPH \RX VSHQG WH
VRIWZDUH
6R ORQJ DV \RX NQRZ KRZ WR WHVW V\VWHPDWLFDOO\«
«DQG XVH WKH ULJKW WRROV WR KHOS \RX«
' «DQG GHVLJQ \RXU VRIWZDUH WR EH WHVWDEOH
-XVW OLNH FKLS GHVLJQHUV
' BWXGLHV DOVR VKRZ WKDW KRZ ZHOO D WHDP WHVWV LV D JRRG SUHGL
TXDOLW\ WDUJHWYV
%HFDXVH GLVFLSOLQH PDWWHUV PRUH WKDQ JHQLXV

' 8QLW WHRBRPSRQHQW WHIWWILL@U RQH FRPSRQHQW LQ LVRODWLRQ
(J WHVW WKDW DOO RI D FODVV V PHWKRGVY GR ZKDW WKH\ UH VXSSRVHG W
' 6\WWHP WHRUWIMWHIUDWLRWYHVMALGIQUKDW FRPSRQHQWY ZRUN SURSHUO\
(1 PDNH VXUH WKDW ZKHQ ; FDOOV < LW SDVVHV SDUDPHWHUY LQ WKH ULJ
' 7KHVH DUH WZR HQGV RI D VSHFWUXP
ORVW FODVVHV UHO\ RQ VHYHUDO RWKHUV DQG VR FDQQRW EH WHVWHG LQ |
" 2IWHQ SXHRWHVBP XSYWHDWHQV
" THVW WKH VLPSOH FODVVHV ILUVW WKHQ WKH RQHV WKDW XVH WKHP WKH
2IWHQ PDNHVY VHQVH WR WHVW VXEV\VWHPVY PDGH XS RI VHYHUDO FODVVHYV
(J WHVW WKH YRLFH UHFRJQLWLRQ PRGXOH
" 6RPHWLPHYV KDWHMNMRRBXR®IXSSRUW WHVWLQJ
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/LNH WKH VFDIIROGLQJ RQ D EXLOGLQJ VLWH

FXVWRPHUV

LW V HIWUD FRGH WKDW LV X

S5SHJUHVVLRQ WHHNWIQQRYRI WHVWYV SHULRGLFDOQUHWNEHWMHGBKHWKHU WKH

’ , H

ZKHWKHU WKLQJV WKDW XVHG WR ZRUN DUH QRZ EURNHQ

" (YHU\ WLPH D FKDQJH LV PDGH WR WKH V\VWHP WKH SURJUDPPHU P DENH.IRU W
FKHFENLQJ KHU FKDQJHV LQWR YHUVLRQ FRQWURO

1HYHU VORZ RWKHU SHRSOH GRZQ E\ EUHDNLQJ WKLQJV WKDW WKH\ UH UHC(

$ ODUJH SURJUDP WKDW GRHVQ W KDYH UHJUHVVLRQ WHVWYV LV GLIILFXOW \

" 7KH RQO\ zD\ WR NQRZ ZKHWKHU D FKDQJH WR RQH SDUW ZLOO EUHDN VRPI

$ILIWXVYUHD WKLQJ WR EH WHVWHG

(J DQ REMHFW D GDWD VWUXFWXUH D FRPSOHWH GDWDEDVH

$ WHMWWVRPHWKLQJ \RX GR WR D IL[WXUH

" ,Q RUGHU IRU D WHVW WR EH XVHIXO YRWRKXWOWRE MMBHEESHHVAVY\RH ERR S\ B R PLHV V

$WHVW IBIYEMIWRQH RI

SDVWKH DFWXDO RXWFRPH LV ZKDW ZDV H[SHFWHG
" )DLO&OWKH DFWXDO RXWFRPH LV GLITHUHQW IURP ZKDW ZDV H[SHFWHG

" (UURWRPHWKLQJ ZHQW ZURQJ ZLWK WKH WHVW LWVHOI L H

WKH WHVW FRQV

" 'RQ W NQRZ DQ\WKLQJ DERXW WKH VI\VWHP EHLQJ WHVWHG

:DQW WR WHVWYHUCURBODMWREDOFXODWHY WKH RYHUODS EHWZHHQ WZR U
" (DFK UHFWDQJOH LV UHSUHVHQWHGHRFWQ LQVWDQFH RI WKH FODVYV
&RQVWUXFWRU WDNHV IRXU QRQ QHIJDWLYH LQWHJHU DUJXPHQWY ORZ DQC

&0ODVV KDV BHWKRIGEW/RXHW+LD QG W +L<

5HFWDQJOH LV JXDUDQWHHG WR KDYH QRQ JHUR DUHD

)XQFWLRQ UHWXUQV

$ QHZ UHFWDQJOH UHSUHVHQWLQJ WKH RYHUODS RI LWV LQSXWV LI WKH\ R

" 1RQHI WKHUH V QR RYHUODS

1RWH VLQFH UHFWDQJOHV KDYH WR KDYH QRQ JHUR RQBRRWX QWR DONKR Y B IRQDS

$QDO\VLV
" 7KLV LV XQLW WHVWLQJ
$VVXPH IRU WKH PBRIFMG VW RNUKUDHWE W
", H

WKDW LW KDV EHHQ WHVWHG HOVHZKHUH
(DFK ILIWXUH ZLOO EH D SDLU RI UHFWDQJOHYV

RQH WKLQJ LQ LVRODWLRQ

7KH WHVW ZLOO EHRNR O &V KHP WIRWKH RXWSXW LV FRUUHFW

JLUVW YHEVYHRQ ORS

GHI RYHUODS OHIW ULJKW

&DOFXODWH RYHUODS EHWZHHQ WZR UHFWDQJOHYV

OR; PD[ OHIW JHW/R;
KL; PLQ OHIW JHWH+L,;
ORK< PD[ OHIW JHW/R<
KL< PLQ OHIW JHW+L<

LI OR;! KL; RU OR< ! KL<
UHWXUQ 1RQH

UHWXUQ 5HFW OR; OR< OR; KL<

+RZ PDQ\ HUURUV FDQ \RX VSRW"
)LUVW WHVW SDVVHYV

U SHFW
U SHFW
UHVXOW RYHUODS U U

LI UHVXOW

ULJKW JHW/R;
ULJKW JHW+L;
ULJKW JHW/R<
ULJKW JHW+L<
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SULQW SDVV
HOVH
SULQW IDLO

PSS
"% XW QRW WKH VHFRQG RQH

C U BHFW

1 U SHFW

UHVXOW RYHUODS U U
LI UHVXOW 1RQH
SULQW SDVV
HOVH
1 SULQW IDLO
‘Traceback (most recent call last):
. File "overlap.py", line 97, in ?
result = overlap(rl, r2)
File "overlap.py", line 64, in overlap
return Rect(loX, loY, hiX, hiY)
File "overlap.py", line 9, in __init__
‘ assert 0 <=loY < hiY, 'illegal Y coordinates'
AssertionError: illegal Y coordinates

7KLV LV DQ HUURU LQ WKH WHVW
$ JRRG WHDWOWY DBMXYQO QR PDWWHU ZKDW VWDWH WKH FRGH LV LQ
" 5HYLVH WKH WHVW DQG UHUXQ

U BSHFW
U BSHFW
UHVXOW RYHUODS U U
LI UHVXOW  1RQH
SULQW SDVYV
HOVH
SULQW IDLO
H[FHSW ([FHSWLRQ H
SULQW HUURU H

KNV LV WKLV FKDQJH LPSRUWDQW"
1HHG WR EH DEOH WR UXQ DOO WHVWYV DOO WKH WLPH
", WKH ILUVW WHVW UDLVHY DQ H[FHSWLRQ WKDW LVQ W KDQGOHG WKH RW
" 6R ZKDW V WKH SUREOHP"
SDVVIORIWRHFW FRQVWUXFWRU WZRPIOKEKUDWKHU WKDQ
" )L DQG UHUXQ WHVWYV
6WLOO IDLOV
7THVWQRYE ! KUL<QVWHDB<RI KL<
" JLI DQG UHUXQ WHVWYV
7TKH\ SDVV
" 'H RXJKW WR RWHHNNOWARKNEW ZKHQ U B RANBHQIODHSBV

U 5HFW
U 5HFW
UHVXOW RYHUODS U U
LI UHVXOW 5HFW
SULQW SDVV
HOVH
SULQW IDLO
HIFHSW ([FHSWLRQ H
1 SULQW HUURU H
‘error name 'overlap' is not defined

" 7KLV LV RQO\ RQH FDVH RXW RI PDQ\
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J)LIXUH 3RVVLEOH 2YHUODS 7THVWYV

+RZ PDQ\ WHVWYV VKRXOG ZH ZULWH" :KHQ VKRXOG ZH VWRS"

ODNH WHVWYV LQGHSHQGHQW RI HDFK RWKHU
IR LQWHUDFWLRQ EHWZHHQ WHVWYV
" 1IRWKLQJ RQH WHVW GRHV FDQ DIIHFW DQ\ RWKHU WHVW
,Q SDUWLFXODU WKH RUGHU LQ ZKLFK WHVWY DUH UXQ VKRXOGQ W PDWWFE

I WZR WHVWYVY GHSHQG RQ RQH DQRWKHU WKHQ ZKHQ WKH ILUVW IDLOV WKH
,VQ W UXQ VR \RX KDYH OHVV LQIRUPDWLRQ RU

5XQV EXW JLYHV \RX WKH ZURQJ DQVZHU ZKLFK LV HYHQ ZRUVH WKDQ QR
" .HHS WHVWYV VPDOO

(DFK WHVWV H[DFWO\ RQH WKLQJ
'KHQ D WHVW IDLOV \RX OO0 NQRZ WKH FDXVH ULJKW DZD\
'RQ W KDUG FRGH DEVROXWH SDWK QDPHYVY PDJLF QXPEHUV HWEF
:DQW WR EH DEOH WR PRYH WHVWYVY IURP PDFKLQH WR PDFKLQH
+DYH WR E DEOH WR PDLQWDLQ WHVWYV DV FRGH HYROYHV
7THVW FRGH VKRXOG EH DW OHDVW DV ZHOO ZULWWHQ DV SURGXFWLRQ FRG

6WHS EDFN D PRPHQW DQG WKLQN DERXW KRZ ZH UH ZULWLQJ RXU WHYV

(DFK KDV WZR UHFWDQJOHYV DV LQSXW DORBQMH[SHFWY HLWKHU D UHFWDQJOH
(DFK UHSRUWYV SDVVHV IDLOV RU HUURUV

'HVLIJQ SULQFLSOH HYHU\ WLPH \RX VHH D SDWWHUQ WU\ WR FDSWXUF
" 'ULWH WKH VKDUHG FRGH RQFH

(QFRXUDJH SHRSOH WR GR WKLQJV WKH ULJKW ZD\ E\ PDNLQJ WKDW ZD\ HDVI
" 6WHS ZULWH D IXQFWLRQ WKDW UXQV D WHVW DQG UHSRUWYV LWV UH
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"GHI UXQ7HVW OHIW ULJKW H[SHFWHG
‘ WU\
DVVHUW OHIW LV QRW 1RQH
DVVHUW ULJKW LV QRW 1RQH
DFWXDO RYHUODS OHIW ULJKW
LI DFWXDO H[SHFWHG
UHWXUQ SDVV
HOVH
UHWXUQ IDLO
H[FHSW ([FHSWLRQ H
UHWXUQ HUURU

" -XVW DV HDVN WR UHWXUQ VWULQJY DV WR GHILQH FRQVWDQWYV IRU SDVV

ID

" 1RWH DVVHUWLRQV RQ LQSXWWUMKFPHSQWY DUH LQVLGH WKH
" 3bvVvVUIRDBY WKH OHIW RU ULJKW UHFWDQJOH LV DQ HUURU LQ WKH WHVW

" 6WHS ZULWH VRPH WHVWYV
" ' KHQHYHU SRVVLEOH FUHDWH D WDEOH RI

LQSXWV DQG UHVXOWYV

" (DVLHU IRU SHRSOH WR UHDG XQGHUVWDQG DQG DGG WR WKDQ FRGH
" (VSHFLDOO\ LI WKRVH SHRSOH DUHQ W SURJUDPPHUYV

"GHI UXQ7HVW OHIW ULJKW H[SHFWHG
‘ WU\
DVVHUW OHIW LV QRW 1RQH
DVVHUW ULJKW LV QRW 1RQH
DFWXDO RYHUODS OHIW ULJKW
LI DFWXDO H[SHFWHG
UHWXUQ SDVV
HOVH
UHWXUQ IDLO
H[FHSW ([FHSWLRQ H
UHWXUQ HUURU

" :H FDQ PDNH WKLY HYHQ PRUH IOH[LEOH E\ ZULWLQJ D IXQFWLRQ WKDW
" SHPHPEHUGWKDWOUJWVUHDWHY D IXQFWLRQ WKDW WDNHV DQ\ QXPEHU RI DUJX
", 1 \RX KDYH D WXSOH RD MKKHHYDED/@DWEKHYV WKH Y INOXWHNXRHWQK V

"(J YLDbowv WKIHDOVLVY WKH VDPH DV

" *LYHV \RX D ZD\ WR FDOO DQ DUELWUDU\ IXQFWLRQ ZLWK DQ DUELWUDU\ VF
" 8VH WKLV WR ZUUW® $0 OX QWRIDNWNR QVDNHY WZR DUJXPHQWYV

" 7TKH IXQFWLRQ \RX DFWXDOO\ ZDQW WR WHVW

"' $ OLVW RI OLVWV HDFK RI ZKLFK FRQVLVWY Rl JHUR RU PRUH DUJXPHQWYV

'GHI UXQ$OO7HVWV IXQF WHVWYV

SDVV IDLO HUURU
IRU WHVW&DVH LQ WHVWYV
WU\
DUJV H[SHFWHG WHVW&DVH>
DFWXDO IXQF DUJV
LI DFWXDO  H[SHFWHG
SDVV
HOVH
IDLO
H[FHSW ([FHSWLRQ H
HUURU

IRU ODEHO FRXQW LQ SDVV SDVYV
SULQW V G ODEHO FRXQW

IDLO

§UXQ$OO7HVWV RYHUODS WHVWYV

' $GYDQWDJH UHXVDELOLW\
' &DQ XVH WKDWNWQ PWH R\Y
' 'LVDGYDQWDJH REVFXULW\
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7KH HfIWUD OHYHO RI DEVWUDFWLRQ PDNHV LW KDUGHU WR XQGHUVWDQG Z
%XW \RX RQO\ KDYH WR XQGHUVWDQG RQH KDUG WKLQJ RQFH LQVWHDG RI
' 7DNH D ORRN LQ WKH QH[W OHFWXUH DW D IXOO IOHGJHG XQLW WHVWL

' <RX FDQ W WHVW HYHU\WKLQJ
' 7ZKHUH DUH URXJKO\ PLOOLRQ GLJLW SKRQH QXPEHUV
' $ IXQFWLRQ WKDW SXWV WZR SKRQBERVVREWHVLIQERWEGHU KDV
$W D PLOOLRQ WHVWV D WHFRR@GS VL WR 7 LLORX WKIDNHV K UHH \HDUV WR FKHFN WK|
$QG WKHQ ZH PRYH RQ WR WKH VHFRQG IXQFWLRQ«
' Y)DVWHU FRPSXWHUV ZRQ W JHW XV RXW RI WKLV KROH
' +RZ PDQ\ SRVVLEOH LQSXWV DUH WKHUH WR D IXQFWLRQ WKDW VRUWV D Ol
' +XPDQ EHLQJV DUH FUHDWXUHV RI KDELW
7HQG WR PDNH WKH VDPH NLQGV Rl HUURUV RYHU DQG RYHU DJDLQ
' 6R WHVW IRU WKRVH ILUVW
' +DV DQ LQWHUHVWLQJ VLGH HIIHFW RQFH \RX VWDUW WHVWLQJ IRU KDELWX
DQG PDNH WKHP OHVV RIWHQ
' 7KH ILUVW WHVWV \RX VKRXOG ZULWH
7HVWV \RX H[SHFW WR VXFFHHG
' %RXQGDU\ FDVHV HJ VRUW WKH HPSW\ OLVW RU D OLVW RI RQH YDOXH
' 6LPSOHVW LQWHUHVWLQJ FDVH HJ VRUW D OLVW RI WZR YDOXHV
*HQHUDO FDVH HJ VRUW D OLVW RI QLQH YDOXHYV
.| GXSOLFDWH YDOXHV DUH DOORZHG PDNH VXUH \RX WHVW ZLWK WKHP
' 7ZHVWV \RX H[SHFW WR IDLO
' QYDOLG LQSXW HJ SDVVHG D GLFWLRQDU\ LQVWHDG RI D OLVW
SHPHPEHU HUURU KDQGOLQJ LV SDUW RI WKH LQWHUIDFH WRR
6DQLW\ WHVWYV
' ODNH VXUH GDWD VWUXFWXUHV UHPDLQ FRQVLVWHQW
' ] WKHUH LV UHGXQGDQW LQIRUPDWLRQ FKHFN LW DJDLQVW LWVHOI
' $ FDWDORJ RI HUURUYV
1XPEHUV ]JHUR ODUJHVW VPDOOHVW PDJQLWXGH PRVW QHJDWLYH
' BWUXFWXUHV HPSW\ H[DFWO\ RQH HOHPHQW PD[LPXP QXPEHU RI HOHPHQW:
' "XSOLFDWH HOHPHQWV HBSISHWHUW WKWMHHWLPHY LQ D VWULQJ
$OLDVHG HOHPHQWY HJ D OLVW FRQWDLQV WZR UHIHUHQFHV WR DQRWK}
' & LUFXODU VWUXFWXUHV HJ D OLVW WKDW FRQWDLQV D UHIHUHQFH WR L
BHDUFKLQJ QR PDWFK IRXQG RQH PDWFK IRXQG PXOWLSOH PDWFKHV IRXQC
&RGH PLNHQG$0OO VWUXFWXWHDORBRVW DOZD\V ZURQJ
' 6KRXOG DOVR FKHFN DOLDVHG PDWFKHV VDPH WKLQJ IRXQG PXOWLSOH WL
WRS

Dictionaries and Error Handling

'UDIW 9HUVLRQ

" 3BUREOHP \RX ZDQW WR FRXQW KRZ RIWHQ GLITHUHQW SHRSOH VHQG Pl
,QSXW D ILOH ZLWK RQH HPDLO DGGUHVY SHU OLQH
" (DFK DGGUHVYVY PD\ DSSHDU PDQ\ WLPHYV
2XWSXwW D WDEOH RI bGGUHVVHVY VRUWHG E\ IUHTXHQF\ RI DSSHDUDQFH
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' 6BROXWLRQ NHHS WUDFN RI FRXQWV LQ D OLVW RI SDLUV
(DFK HQWU\ LQ MWXGUBIVYW ARXQW6R)DU @
(DFK WLPH DQ DGGUHVV LV UHDG LQ VHDUFK WKH OLVW DQG HLWKHU
,QFUHPHQW WKH FRXQW RI DQ H[LVWLQJ HQWU\ RU
&UHDWH D QHZ HQWU\ ZLWK D FRXQW RI
' 2QFH HYHU\WKLQJ KDV EHHQ UHDG VRUW WKH HQWULHYV
1RWH \RX FDQ SDVV \RXU RZQ FEPSWUWRRW IXQFWLRQ WR

'LPSRUW V\V

"GHI FRXQW)LQG FRXQWYV DGGUHVV
‘ IRU [ LQ FRXQWYV
LI [> @ DGGUHVV
UHWXUQ [
UHWXUQ 1RQH

'GHI FRXQW)UHT OLQHV
‘ FRXQWV >@
IRU OLQH LQ OLQHV
OLQH OLQH VWULS
HILVWLQJ FRXQW)LQG FRXQWV OLQH
LI HILVWLQJ
HILVWLQJ> @
HOVH
FRXQWV DSSHQG >0OLQH @
UHWXUQ FRXQWYV

%GHI FRPSDUH®%\)UHTXHQF\ D E
LI D> @ E> @

UHWXUQ
LID> @ E> @
UHWXUQ
UHWXUQ
LIBBQDPHBB BBPDLQBB

LQVWUHDP RSHQ V\V DUJY> @ U
OLQHVY LQVWUHDP UHDGOLQHYV
LOQVWUHDP FORVH

UHVXOW FRXQW)UHT OLQHV
UHVXOW VRUW FRPSDUH%\)UHTXHQF\

IRUDGGUHVYV IUHTXHQF\ LQ UHVXOW
SULQW IUHTXHQF\ DGGUHVYV

7KLV LV FOXPV\ DQG LQHIILFLHQW

&OXPV\ ZULWLQJ D ORW RI FRGH WR GR VRPHWKLQJ WKDW RXJKW WR EH VLP
" ,QHIILFLHQW UHSHDWHGO\ VHDUFKLQJ WKH HQWLUH OLVW
7TKHUH V DQ HDVLHU ZD\«

%XW EHIRUH ZH VWDUW OHW V WLG\ XS D IHZ ORRVH HQGV
B\WKR@®RSHUDWRU LV XVHG WR IRUPDW VWULQJV
' /JHIW VLGH LV D VWULQJ VSHFLI\LQJ KRZ WKLQJV DUH WR EH IRUPDWWHG
" 5LJKW VLGH LV WKH YDOXHV WR EH IRUPDWWHG

2QH YDOXH RQ LWV RZQ«

«RU D WXSOH LI WKHUH DUH PDQ\ YDOXHYV
KHUH V JR ZFHUHDWHV D QKHEUHNIH QR
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7KHV LQ WKH OHIW VWULQJ PHDQV 3LQVHUW D VWULQJ KHUH"
' BR WKH VWULQJ RQ WKH ULJKW LV LQVHUWHG
6LQFH VWULQJY DUH LPPXWDEOH W KLRANR GHDWHH O RUHPD WWILQUQ G RBVSODFH
" OHIW G ULJKW G FUHDWHYW ULJKW
G VWDQGYV IRU 3GHFLPDO LQWHJHU"
' YRUPDW VSHFLILHUV DUH PDWFKHG ZLWK YDOXHV OHIW WR ULJKW
GR V G WLPHV WKLV FUHDWRVWKLY  WLPHV
> G@ FUHDWHV @
' 7KH LQWHJHU EHWIZOIGQVWSKHALILHY D ZLGWK
> G@ FUHDWHV @ EHFDXVH QHJDWLYH ZLGWKY PHDQ 3OHIW MXVWLI\
> | @ FUHDWHYV @
' | PHDQV *D IORDWLQJ SRLQW QXPEHU VL[ FKDUDFWHUV ZLGH ZLWK WZR
LV WUDQVODWHG LFKW R DF WIHQJOH
-XVW P¥ LV KRZ \RX UHSUHVHQ® D VWQLQH
> H @ FUHDWHVH @
' H LV VFLHQWLILF H[SRQHQWLDO QRWDWLRQ
3\WKRQ ZLOO XVH PRUH FKDUDFWHUV WKDQ LW V EHHQ WROG WR LI LW KDV \

" $ VHTXHQFH VXFK DV D VWULQJ RU OLVW DVVRFLDWHY RQH YDOXH ZLYV
" $GLEFWIBOVWRRLDWHY RQH YDOXHM\XLWK HDFK RI LWV
$OVR FDOOHG PDSV KDVKHVY DQG DVVRFLDWLYH DUUD\V
" .H\V GRQ W KDYH WR EH LQWHJHUV
" ,Q IDFW WKH\ DUH XVXDOO\ VWULQJV
" 2IWHQ YLVXDOL]J]HG DV D WZR FROXPQ WDEOH
(DFK NH\ LQ WKH OHIW FROXPQ PXVW EH XQLTXH
" 9DOXHV FDQ RFFXU VHYHUDO WLPHYV
" ([DPSOH SODQHW QDPHV DV NH\V DQG WKH OHQJWKV RI WKHLU \HDUV DV YD

OHUF XU\
9HQ XYV
a a

3O0XWR

" &UHDWH D GLFWLRQDU\ E\ SXWWLQJ NH\ YDOXH SDLUV LQVLGH
AN 1THZWRQ '‘DUZLQ
(PSW\ GLFWLRQDU\ ZULWWHQ
' *HW D YDOXH IURP DQ H[LVW@WMXGWF@ILNR) BIYHYVW®IQJ HOVH LQ 3\WKRQ

ELUWKGD\ '~
1HZWRQ
'DUZLQ

%SULQW 'DUZLQ V ELUWKGD\ ELUWKGD\> 'DUZLQ @
%SULQW 1HZWRQ V ELUWKGD\ ELUWKGD\> 1HZWRQ @
‘Darwin's birthday: 1809

‘Newton's birthday: 1642

" $VVLIQLQJ WR D GLFWLRQDU\ NH\
&UHDWHV D QHZ HQWU\ LI WKH NH\ LV QRW DOUHDG\ LQ GLFWLRQDU\
2YHUZULWHY WKH SUHYLRXV YDOXH LI WKH NH\ LV DOUHDG\ SUHVHQW
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"ELUWKGD\ ~°

"ELUWKGD\> 'DUZLQ @

'ELUWKGD\> 1IHZWRQ @ RRSV
'ELUWKGD\> 1IHZWRQ @

'SULQW ELUWKGD\

{'Darwin’: 1809, 'Newton'": 1642}

" &DQ RQO\ DFFHVV NH\V WKDW DUH SUHVHQW
" -XVW DV \RX FDQ W LQGH[ HOHPHQWYV RI D OLVW WKDW DUHQ W WKHUH

'ELUWKGD\ A
1HZWRQ
'DUZLQ

'SULQW ELUWKGD\> 7XULQJ @
‘Traceback (most recent call last):

. File "key_error.py", line 5, in ?

‘ print birthday['Turing']

‘KeyError: 'Turing'

' GHPRYH DQ HQW®WHO XGAN@
" &DQ RQO\ UHPRYH HQWULHV WKDW DUH DFWXDOO\ SUHVHQW

"ELUWKGD\ ~

‘ 1HZWRQ
'DUZLQ
7XULQJ

'SULQW %HIRUH GHOHWLQJ 7XULQJ ELUWKGD\
'GHO ELUWKGD\> 7XULQJ @

'SULQW $IWHU GHOHWLQJ 7XULQJ ELUWKGD\
‘Before deleting Turing: {Turing': 1912, 'Newton': 1642, 'Darwin': 1809}

After deleting Turing: {Newton': 1642, 'Darwin": 1809}

"IRUN LQAORRSY RYHU WKH GLFWLRQDU\ V NH\V UDWKHU WKDQ LWV YDO
" 1RWH WKLV LV GLIITHUH®W RRRSPY RIWMHAUVW KKIHUMHO XHY UDWKHU WKDQ WKH 3NH

"ELUWKGD\ ~

‘ 1HZWRQ
'DUZLQ
7XULQJ

'IRU QDPH LQ ELUWKGD\

. SULQW QDPH ELUWKGD\>QDPH@
‘Turing 1912

‘Newton 1642

‘Darwin 1809

" THVW ZKHWKHY DN B\G LOWILRIQIDY G
' 2QFH DJDLQ LQFRQVLVWHQW ZLWK EHKDYLRU RI OLVWV EXW XVHIXO

ELUWKGD\ »
‘ 1HZWRQ
'DUZLQ

'IRU QDPH LQ > 1HZWRQ 7XULQJ @
f LI QDPH LQ ELUWKGD\
SULQW QDPH ELUWKGD\>QDPH@
HOVH
3 SULQW :KR LV QDPH
‘Newton 1642
‘Who is Turing ?
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<HV GLFWLRQDULHY DUH REMHFWYV WRR«

Method Purpose Example Result
FOHDWSW\ WKH GLFWLRQDU\G FOHDU 5HWXURYHE XGWY QRZ HPSW\
JHW 5HWXUQ WKH YDOXH DVGRFHWWHG ZLWKHW XGRQV @I[ LV GQRU LI
NH\ RU D GHIDXOW YDOXH LI WKH NH\ LY QRW
SUHVHQW
NH\WV5HWXUQ WKH GLFWLRQDBELNUWIKIG\DA DI \D& 7ML Q J 1HZWRQ
(QWULHV DUH JXDUDQWHHG WR EH XQLTXWHZLQ @
LWHPSHWXUQ D OLVW RI NH\EYDWKBDSDWHPV7XULQJ IHZWRQ
'‘DUZLQ @
YDOXFHHWXUQ WKH GLFWLRQDELANUWXGOX YWD OXHY OLVW @
(QWULHYV PD\ RU PD\ QRW EH XQLTXH
XSGD&8RES\ NH\V DQG YDOXHV 6BIRPWRMHH[DPSOH EHORZ
GLFWLRQDU\ LQWR DQRWKHU

7TDEOH 'LFWLRQDU\ OHWKRGV

(I[DPSOH

"ELUWKGD\ 7

‘ 1HZWRQ
'DUZLQ
7XULQJ

SULQW NH\V ELUWKGD\ NH\V
'SULQW YDOXHV ELUWKGD\ YDOXHV
"SULQW LWHPV ELUWKGD\ LWHPYV
iSULQW JHW ELUWKGD\ JHW &XULH

"WHPS 7

‘ &XULH
+RSSHU
JUDQNOLQ

%ELUWKGD\ XSGDWH WHPS
'SULQW DIWHU XSGDWH ELUWKGD\

"ELUWKGD\ FOHDU

'SULQW DIWHU FOHDU ELUWKGD\

‘keys: ['Turing', ‘Newton', 'Darwin’]

values: [1912, 1642, 1809]

[items: [('Turing’, 1912), (‘Newton', 1642), (‘Darwin’, 1809)]

.get: 1867

-after update: {'Curie: 1867, 'Darwin’: 1809, 'Franklin': 1920, 'Turing": 1912, 'Newton": 1642, 'Hopper': 1906}
‘after clear: {}

SHYLVLW WKH SUREOHP RI FRXQWLQJ KRZ RIWHQ WKLQJVY DSSHDU LQ D

8VH WKH WKLQJYV HPDLO DGGUHVVHV DV NH\V LQ D GLFWLRQDU\
7KH YDOXH DVVRFLDWHG ZLWK HDFK NH\ LV WKH QXPEHU RI WLPHV LW KDV E|

. 'DWD WR FRXQW
' QDPHV > %H 0J 0J &D %H 0J %H @
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" %XLOG D GLFWLRQDU\ RI ITUHTXHQFLHV
JUHT A
IRU QDPH LQ QDPHV

$OUHDG\ VHHQ VR LQFUHPHQW FRXQW E\ RQH
LI QDPH LQ IUHT
IUHT>QDPH@ IUHT>QDPH®@

1IHYHU VHHQ EHIRUH VR DGG WR GLFWLRQDU\
HOVH
IUHT>QDPH@

. 'LVSOD\
' SULQW IUHT
{'Be": 3, 'Mg" 3, 'Ca". 1}

JLIXUH &ERXQWLQJ JUHTXHQF\

" 1RWH GLFWLGRMWRWN GHR\V LQ RUGHU
1R zD\ WR SUHGLFW ZKHUH D GLFWLRQDU\ ZLOO LQVHUW D QHZ YDOXH

SDUDGR[LFDOO\ WKLV LV SDUW RI ZKDW PDNHV GLFWLRQDULHV VR IDVW
" 6R WR SULQW IUHTXHQF\ LQ DOSKDEHWLF RUGHU E\ DGGUHVV

" *HW WKH OLVW RI NH\V
6RUW WKDW OLVW
/RRS RYHU LW

. % XLOG WKH IUHTXHQF\ GLFWLRQDU\ DV EHIRUH
"QDPHV > %H 0J 0J &D %H 01J %H @
TUHT A~
'IRU QDPH LQ QDPHYV
‘ Ll QDPH LQ IUHT

IUHT>QDPH@ IUHT>QDPH@
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] IUHT>QDPH@

. 3ULQW LQ DOSKDEHWLFDO RUGHU E\ NH\
'NH\V IUHT NH\V

'NH\V VRUW

' IRU N LQ NH\V

] SULQW N IUHT>N@

Be3
Cal

&DQ VLPSOLI\ WKIGLFRGHWVLQJ

*HW HLWKHU WKH FRXQW DVVRFLDWHG ZLWK WKH NH\

RU

WKHQ DGG RQH V

8VH JHW WR VLPSOLI\ WKH FRXQWLQJ ORRS
"QDPHV > %H 0J 0J &D %H 01J %H @
TUHT A~

'IRU QDPH LQ QDPHYV

‘ IUHT>QDPH@ IUHT JHW QDPH

. 3ULQW

'NH\V IUHT NH\V
'NH\V VRUW

' IRU N LQ NH\V

j SULQW N IUHT>N@
Be3
Cal

%XW KRZ WR SULQW LQ RUGHU RI IUHTXHQF\"

IHHGLWRWHKW GLFWLRQDUN L H VZDS NH\V DQG YDOXHV

KDW LV WKH t@YHUMH RI F

6ROXWLRQ VWRUH D OLVW RI YDOXHV LQVWHDG RI

SUREOHP WKHUR®POIKMWREM YDOXHYV DUHQ W JXDUDQWHHG WR EH XQLTXH

MXVW D VLQJOH YDOXH

.~ &RXQW YDOXHV DV EHIRUH

"QDPHV > %H 0J 0J &D %H 01J %H @
JUHT A~

'IRU QDPH LQ QDPHYV

‘ IUHT>QDPH@ IUHT JHW QDPH

. ,QYHUW

'LQYHUVH ~°

'IRU NH\ YDOXH LQ IUHT LWHPV

‘ VHHQ LQYHUVH JHW YDOXH >@
VHHQ DSSHQG NH\
LOQYHUVH>YDOXH@ VHHQ

. 3ULQW

'NH\V LQYHUVH NH\V
'NH\V VRUW

' IRU N LQ NH\V

j SULQW N LQYHUVH>N®@
1[Ca]
3 [Be', 'Mg]
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J)LIXUH 7TUDFLQJ ([HFXWLRQ RI 'LFWLRQDU\ ,QYHUVLRQ

&RPSOH[ VWULQJ IRUPDWWLQJ FDQ EH KDUG WR XQGHUVWDQG

" (VSHFLDOO\ LI RQH YDOXH QHHGV WR EH XVHG VHYHUDO WLPHYV

"(J SURGXFLQJ DQ HPDLO IRUP OHWWHU DQG QHHG WR SXW WKH SHUVRQ V
,QVWHDG RI D A DXSEWWNH D GLFWLRQDU\ DV LWV ULJKW DUJXPHQW

8VH YDUQDPHRW YDUQDPH L®VLGH IRUPDW VWULQJ WR LGHQWLI\ ZKDW V WR

ZRUG V W ZRUG V DQG HYHU\Z ZRUG V N ZRURUHD WHWH "WKHUH DQG
HYHU\ZKHUH

" /JLNH RWKHU PRGHUQ O D Q JX[DFHBEWMBRWWKKORIG RVHNWU U R UV

6HSDUDWLQJ QRUPDO H[SHFWHG RSHUDWLRQ IURP H[FHSWLRQDO FDVHV PD|
" 6WUXFW XIUIHH® YWOH N H

,QWURGXFH D EORFN RWWWDWHPHQWV ZLWK
7KHQ LQWURGXFH HUURWEKEHBAOLQJ FRGH ZLWK
'KHQ VRPHWKLQJ JRHWIZERGF N Q3WKKIRIQVH[FHSWLRQ

3\WKRQ ILQGV WHH REMRKINQIDQG H[HFXWHV ZKDWHYHU LQVWUXFWLRQV LW F
'SULQW EHIRUH WU\ H[FHSW

WU\
‘ SULQW ILUVW OLQH RI WU\ EORFN
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| SULQW ODVW OLQH RI WU\ EORFN
H[FHSW
SULQW KDQGOLQJ HUURU

SULQW DIWHU WU\ H[FHSW
‘before try/except

. first line of try block

..handling error!

after try/except

YLIXUH YORZ Rl &RQWURO LQ 7U\ ([FHSW

<RX FDQ LQFOXGH FRGH WRLM BIG}WVH ZH BKQHWKIH U H

TRUYDO LO
1 SULQW YDO LV YDO
WU\
[ YDO
H[FHSW
SULQW KDQGOLQJ HUURU
HOVH
1 SULQW LQ WKH HOVH EORFN
'val is 0.0
..handling error!
valis 1.0
...in the else block

‘KHQ DQ HUURU RFFXUV 3\WKRQ DFWXDOO\ FUHDWHY DQ REMHFW WR V
' 7\SLFDOO\ DQ HUURU PHVVDJH
&DQ FKRRVH WR KDQGOH VSHFLILF HUURUV E\HWBEHSWWDQYHPIQQW FHSWLR
(J KDQGOH GLYLVLRQ E\ JHUR EXW QRW RXW RI ERXQGV OLVW LQGH]
6\QWDH[IPMHSW ([FHSWLRQ7\SH YDULDEOH
([FHSWLRQINSHKDW \RX ZDQW WR FDWFK
" | VRPHWKLQJ Rl WKDW W\SH LV UDLVHG WIOH HFE®SWLRQ REMHFW LV DVVL.

"YDOXHV > @
IRU L LQ UDQJH QRWH WRS LQGH[ ZLOO EH RXW RI ERXQGV
| WU\
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[ YDOXHV>L@

H[FHSW =HUR'LYLVLRQ(UURU H
: SULQW GLYLGH E\ JHUR H
d|V|de by zero: float division
‘Traceback (most recent call last):
~ File "except_with_type.py", line 4, in ?
‘ x = 1.0/ valuesi]
‘IndexError: list index out of range

" <RX FDQ DVVRFLDWHH) RN SEMORE-HNY RLWW WD\ VLQJOH
7KH\ UH WHVWHG LQ RUGHU2ZKLFKHYHU PDWFKHV ILUVW ZLQV
.| D 3QDH[WESIMESHDUV LW PXVW EH WKH ODVW RQH VLQFH LW FDWFKHV HYH!L
%HWWH W WFRISWH[FHSWLRR WHKDW \RX KDYH WKH H[FHSWLRQ REMHEW
" ([FHSWLRQV DUH RUJDQL]JHG LQ D KLHUDUFK\
' (J =HUR'LYLVLRQ@VWHRUORZ(UDRWRDWLQJ3RLQWUHUROO VSHFLDOL]HG YHUVL
$ULWKPHWLF(UURU

$QGQGH[(UURWUVW VWULQJ LQGH[ RRW BREBRRQGIVVWEQW GLFWLRQDU\ NH\ DU
/IRRNXS(UURU

TRULLQ UDQJH

WU\
LIL
YDOV > D E @
[ YDOV> @
HOVH

YDOV n D E °
[ YDOV> @
H[FHSW .H\(UURU H

SULQW ORRS G KDQGOLQJ NH\ HUURUV L H
HIFHSW /RRNXS(UURU H

SULQW ORRS G KDQGOLQJ JHQHULF ORRNXS HUURUYV L H
Ioop 0, handling generic lookup errors: list index out of range
loop 1, handling key errors: 40

:H OO0 VHH LQ D ODWHU OHFWXUH KRZ WKLV KLHUDUFK\ LV LPSOHPHQWHG
" +LQW LW KDV VRPHWKLQJ WR GR ZLWK REMHFWYV «
" &RPPRQ H[FHSWLRQ W\SHV
Name Purpose
([FHSWLRQ 5RRW RI HIFHSWLRQ KLHUDUFK\
SULWKPHWLFEQQMHRIWDO DULWKPHWLF RSHUDWLRQ
,QGH[(UURU %DG LQGH[ WR VHTXHQFH RXW RI ERXQGV RU LOOHJDO W
.H\(UURU IRQH[LVWHQW LQGH[ WR GLFWLRQDU\
7\SH(UURU ,O0OOHJDO W\SH HJ WU\LQJ WR DGG LQWHJHU DQG VWULC
9DOXH(UURU,OOHJDO YDPOXN\NK MTUW
,2(UURU 8QDEOH WR FUHDWH RU RSHQ ILOH UHDG GDWD HWF

7TDEOH &RPPRQ ([FHSWLRQ 7\SHV

6R LI D IXQFWLRQ UDLVHV DQ H[FHSWLRQ ZKR JHWV WR KDQGOH LW"
' (DFK WLPH 3\WKRWQUH[FWBEM/RBN LW SK\FKISMDWIGK HUV RQ D VWDFN
-XVW OLNH WKH IXQFWLRQ FDOO VWDFN
'KHQ DQ H[FHSWLRQ LV UDLVHG 3\WKRQ ORRN LQ WKLV VWDFN DQG MXPSV V
'GHI LQYHUW YDOV LQGH[
| WU\
YDOV>LQGH[@ YDOV>LQGH[@
H[FHSW $ULWKPHWLF(UURU H
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SULQW LQQHU H[FHSWLRQ KDQGOHU H

'GHI HDFK IXQF YDOV LQGLFHV
f WU\
IRULLQ LQGLFHV
IXQF YDOV L
H[FHSW ,QGH[(UURU H
SULQW RXWHU H[FHSWLRQ KDQGOHU H

: 1RWH WRS LQGH[ ZLOO EH RXW RI ERXQGV
'DOO9DOXHV > @

'DOO,QGLFHV > @

%HDFK LOQYHUW DOO9DOXHV DOO,QGLFHV
calling func for index 0

calling func for index 1

‘inner exception handler: integer division or modulo by zero

calling func for index 2

calling func for index 3

‘outer exception handler: list index out of range

YJLIXUH BWDFNLQJ ([FHSWLRQ +DQGOHUYV

" 8VWDLWMR WULJJHU H[FHSWLRQ SURFHVVLQJ
" 2EYLRXVO\ KDYH WR VSHFLI\ WKH W\SH RI HIFHSWLRQ \RX UH UDLVLQJ
(J UDLVH ([FHSWLRQ WKLV LV DQ HUURU PHVVDJH
' 30OHDVH PDNH \RXU HUURU PHVVDJHYV PRUH LQIRUPDWLYH«

' IRUL LQ UDQJH
‘ WU\
5DLVH H[FHSWLRQ LI YDOXH LV RGG
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UDLVH 9DOXH(UURU LQGH[ LV RGG
HOVH
SULQW QRW UDLVLQJ H[FHSWLRQ IRU G L
H[FHSW 9DOXH(UURU H

: SULQW FDXJKW H[FHSWLRQ IRU G L H
}not raising exception for O
.caught exception for 1 index is odd
‘not raising exception for 2
:caught exception for 3 index is odd

' 5DLVH H[FHSWLRQV WR UHSRUW HUURUV LQ IXQFWLRQV
' SDWKHU WKDQ RIHRWUX U RIQDYRPHWKLQJ OLNH WKDW
OLVW IL@BLFK UHWXUQV LI VRPHWKLQJ FDQ W EH IRXQG LV XQXVXDO LQ W
© % XW LW V PRUH FROQYMQL® GAM VWFKDWQKURZY DQ H[FHSWLRQ

' *HQHUDO UXOH WKURZ ORZ FDWFK KLJK
' UH WKURZ ORWV RI YHU\ VSHFLILF H[FHSWLRQV EXW RQO\ FDWFK WKHP LQ
FRUUHFWLYH DFWLRQ
' SGHDVRQ HYHU\ DSSOLFDWLRQ KDQGOHV HUURUV GLIITHUHQWO\
.l VRPHRQH LV XVLQJ \RXU OLEUDU\ LQ D *8,VWRXHGRBQ W ZDQW WR EH SULQ\
' SGHDVRQ HUURU KDQGOLQJ FRGH JHWV LQ WKH ZD\ Rl XQGHUVWDQGLQJ WK

'LPSRUW V\V

.~ /RRN IRU WKH ILUVW PDWFKLQJ OLQH LQ D ILOH
"GHI ILQG)LUVWODWFKLQJ/LQH ILOHQDPH ZRUG
‘ LQILOH RSHQ ILOHQDPH U
OLQHV LQILOH UHDGOLQHV
LQILOH FORVH
IRU OLQH LQ OLQHYV
LI OLQH ILQG ZRUG !
UHWXUQ OLQH UVWULS
HUUOVJ V GRHV QRW FRQWDLQ V ILOHQDPH ZRUG
UDLVH 9DOXH(UURU HUUOVJ

LIl BBQDPHBB BBPDLQBB
‘ WU\
ZRUG VIV DUJY> @
IRU ILOHQDPH LQ V\V DUJY> @
OLOH ILQG)LUVWODWFKLQJ/LQH ILOHQDPH ZRUG
SULQW V V I V ILOHQDPH ZRUG OLQH
H[FHSW 9DOXH(UURU H
SULQW !l VIV VWGHUU H
H[FHSW ,2(UURU H
SULQW !l VIV VWGHUU H
H[FHSW ([FHSWLRQ H
1 SULQW !l VIV VWGHUU H
import sys

# Look for the first matching line in a file.
def findFirstMatchingLine(filename, word):
5 infile = open(filename, 'r")
lines = infile.readlines()
infile.close()
for line in lines:
if line.find(word) >= O:
return line.rstrip()
errMsg = '%s does not contain %s' % (filename, word)
raise ValueError(errMsg)
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word = sys.argv[1]
for filename in sys.argv[2:]:
line = findFirstMatchingLine(filename, word)
print '%s / %s => %s' % (filename, word, line)
except ValuekError, e:
print >> sys.stderr, e
except IOError, e:
print >> sys.stderr, e
except Exception, e:
print >> sys.stderr, e

' $QDVVHUWLR EODLP DERXW WKH VWDWH RI D SURJUDP WKDW PXVW EH W
* (J WKLV OLVW LV QRW HPSW\" RU *WKLV YDOXH LV JUHDWHU WKDQ WKDW
’ 7KUHH NLQGV RI DVVHUWLRQV
$SUH FROIGULWRREBWKLQJ WKDW PXVW EH WUXH LQ RUGHU IRU VRPHWKLQJ HO)\
' (J :*DUJXPHQW LV QRQ QHJDWLPH'WK/ MOTSWH FRQGLWLRQ IRU
$SRVW FRQWGIMMRPHWKLQJ WKDW LV JXDUDQWHHG WR EH WUXH DIWHU VRPHWK
(J 2UHVXOW LV HLWKHU RU D OHJDO LQGNWWRQUKHQGNVULQJ LV D SRVW
$Q\WKLQJ HOVH LV VWIS/OH PO B H® LR Q
(J 2*WKLV ORRS DOZD\V H[HFXWHV DW OHDVW RQFH"
' (PEHG DVVHUWLRQV LQ SDWRVHURDWWPHID W K H
JLUVW DUJXPHQW LV D %RROHDQ FRQGLWLRQ
' BHFRQG RSWLRQDO LV DQ HUURU PHVVDJH
' | WKH FRQGLWLRQ LVQ W VDSWVHIULWGR QW BEROWLRIQ HV DQ

GHI ILQGSDQJH YDOXHYV
DVVHUW YDOXHV 1RQH DQG OHQ YDOXHV ! ,OOHJDO LQSXW
OHIW PLQ YDOXHYV
ULIJKW PD[ YDOXHYV
DVVHUW OHIW ULJKW (PSW\ UDQJH
UHWXUQ OHIW ULJKW

. “RRG SURJUDPPHGWH ISHDAWHFSU EY BXMPW QQJ ORWYV RI DVVHUWLRQV LQ \
3([HFXWDEOH GRFXPHQWDWLRQ"
'"HVFULEHV KRZ WKH SURJUDP LV VXSSRVHG WR EHKDYH LQ D ZD\ WKDW WK
' &DQ W HYHU EH RXW RI VWHS ZLWWR\WGKHH DFWXDO FRGH VLQFH LW
)DLO HDUO\ IDLO RIWHQ
7KH OHVV WLPH WKDW HODSVHV EHWZHHQ ZKHQ DQ HUURU RFFXUV DQG ZK
%XJV JURZ XS WR EH DVVHUWLRQV
" I \RX PDGH DQ HUURU RQFH WKHUH V D JRRG FKDQFH \RX OO PDNH LW DJD
$GGLQJ DQ DVVHUWLRQ KHOSV \RX ILQG DQG IL[ LW IDVWHU WKH VHFRQG W
' $VVHUWLRQV VKRXOG RQO\ EH XVHG WR FKHEN WKH SURJUDP V FRUUHF
,H GRQDWWVHWAR FKHFN WKDW \RXU SURJUDP PDQDJHG WR RSHQ D ILOH
W LVQ W WKH SURJUDP V IDXOW LI LW GRHVQ W KDYH UHDG SHUPLVVLRQ«
' &RPSOH[ DVVHUWLRQV DUH PRUH OLNHO\ WR FRQWDLQ EXJV WKDQ WR F
" I LW ZRQ W ILW FRPIRUWDEO\ RQ RQH OLQH LW SUREDEO\ VKRXOGQ W EH D¢

' 2QH SURJUDP FDQ UXG DIVIMWYHA SBIRFHVV
" ODNH DQG WKH VKHOO ERWK GR WKLV

" 6R FDQ \RXU SURJUDPV
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' RV SRSHRQV D FRPPDQG BIQ®KHUWV \RX
:ULWH WR LWV VWDQGDUG LQSXW RU
5HDG IURP LWV VWDQGDUG RXWSXW

YLIXUH 5XQQLQJ $QRWKHU 3URJUDP

" ([(DPSOH UHDG WKHORKRPFOQ RILWWHR \RXU SURJUDP

' LPSRUW RV

'LQVWUHDP RV SRSHQ OV U
'OLQHV LQVWUHDP UHDGOLQHV
'LQVWUHDP FORVH
'IRU OLQH LQ OLQHV> @
‘ OLQH OLQH UVWULS
SULQW G V OHQ OLQH OLQH

13: addresses.txt

13: assertions.py

14: create_dict.py

18: create_dict.py.out

’ ([DPSOH VHQG WKH RXWSXVW]IRSIRRXFRRESRHYIPR RDR

' LPSRUW RV

. &UHDWH FRPSUHVVHG RXWSXW DQG UHSRUW LWV VL]H
"RXWVWUHDP RV SRSHQ JJLS F ! WHPS W[W J] z

'IRU L LQ UDQJH

‘ IRU ZRUG LQ WKLV LV D WHVW VSOLW

; SULQW !! RXWVWUHDP ZRUG

"RXWVWUHDP FORVH

'SULQW RXWSXW LV G E\WHV RV VWDW WHPS W[W J] VWBVLI]H

i 6HH KRZ ELJ LW ZRXOG KDYH EHHAQ

'LQVWUHDP RV SRSHQ JXQ]JLS F WHPS W[W J] U
"WRWDO

'IRU OLQH LQ LQVWUHDP UHDGOLQHV

; WRWDO OHQ OLQH

ﬁLQVWUHDP FORVH

ﬁSULQW RXWSXW ZRXOG KDYH EHHQ G E\WHYV WRWDO
output is 79 bytes

‘output would have been 15000 bytes

' <RX FDQRXVSIRSHMR FRQQHFW WR WKH RWKHU SURJUDP V LQSXW DQG RX
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' LPSRUW RV

"FKLOG,Q FKLOG2XW RV SRSHQ VRUW
'IRU ZRUG LQ WKLV LV D WHVW VSOLW
SULQW !l FKLOG,Q ZRUG
"FKLOG,Q FORVH
'IRU OLQH LQ FKLOG2XW UHDGOLQHYV
SULQW OLQH UVWULS
"FKLOG2XW FORVH
a
is
test

" % XW \RX PXVW EH YHWHADAUHRRD® DERXW
" Il WKH FKLOG LV WU\LQJ WR ZULWH WR WKH SDUHQW ZKLOH WKH SDUHQW LV

" 7KH RSHUDWLQJ VA\VWHP FDQ RQO\ KROG RQ WR D OLPLWHG DPRXQW RI LQS
VLIH RQO\ GHOD\V WKH SUREOHP

JLIXUH 'HDGORFN

" 7TKLQJVY DUH HYHQ WU\ MNRSUHEKLEX 3VHHYV \RX WK HY MALO0E GRBRDIMYG VU U

, ] WKH SDUHQW LV WU\LQJ WWGARZBNOKH RV WKW WRKDOGVR ZU MWK B@ERWKRU P
SURJUDPVY ZLOO EH EORFNHG

" 6ROXWLRQV DUH RXWVLGH WKH VFRSH RI WKLV FRXUVH
8VHRV SRSHQWK WHPSRUDU\ ILOHV LI QHFHVVDU\ XQWLO \RX UH FRPIRUWDEC

Exercise 10.1:

6XSSRVH \RX ZDQWHG WR VRUW HQWULHV ZLWK WKH VDPH IUHTXHQF\ DOSKDEHYV
FRPSDUH%\)UHTXHQF\
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WRS

Debugging

'UDIW 9HUVLRQ

J)LQGLQJ DQG IL[LQJ IODZV LQ VRIWZDUH
" $VVXPH IRU QRZ WKDW \RX EXLOW WKH ULJKW WKLQJ WKH ZURQJ ZD\
" BHTXLUHPHQWY HUURUV DUH DFWXDOO\ D PDMRU FDXVH RI VRIWZDUH SURMH
<RX UH JRLQJ WR VSHQG KDOI \RXU SURIHVVLRQDO OLIH GHEXJJLQJ
$IWHU DOO RQFH LW V ILIHG \RX PRYH RQ WR VRPHWKLQJ HOVH
" 6R OHDUQ KRZ WR GR LW ZHOO
7DON DERXW WRROV ILUVW EHFDXVH WKH\ OO PDNH HYHU\WKLQJ HOVH
7KHQ VRPH VLPSOH UXOHYV
ORVW WDNKQDIQY\R P@>
SHPHPEHU QHYHU GHEXJ VWDQGLQJ XS
" 7KH IDVWHU \RX WU\ WR ZRUN WKH VORZHU \RX OO JR

0DQ\ SHRSOH VWLOO GHEXJ E\ DGGLQJ SULQW VWDWHPHQWY WR WKHLU
' 3*HH , ZRQGHU ZKD VP DN K H RSD D K H QRJ HRVCRADOY H
'HEXJJLQJ ZLWK SULQW VWDWHPHQWV LV
' (UURU SURQH DGGLQJ SULQW VWDWHPHQWYV LV D JRRG ZD\ WR DGG W\SRYV
' 3DUWLFXODUO\ ZKHQ \RX KDYH WR PRGLI\ WKH EORFN VWUXFWXUH RI \RXU
7LPH FRQVXPLQJ
$00 WKDW W\SLQJ«
' $QG LI \RX UH XVLQJ -DYD & RU )RUWUDQ DOO WKDW UHFRPSLOLQJ«
'’ OLVOHDGLQJ
$GGLQJ SULQW VWDWHPHQWY PRYHV WKLQJV DURXQG LQ PHPRU\ FKDQJHYV
&RPPRQ WR KDYH EXJV WKDW KLGH ZKHQ SULQW VWDWHPHQWY DUH DGGHG
7KHUH V D PXFK EHWWHU ZD\

$V\PEROLF GHEXDDJSHURJUDP WKDW UXQV DQRWKHU SURJUDP RQ \RXU EH

' &DOOHG 3V\PEROLF" EHFDXVH LW FDQ VKRZ \RX WKH VRXUFH FRGH \RX ZURW!

8VLQJ D GHEXJJHU LV RQH RI WKH WZR WKLQJV WKDW VHSDUDWHYV SURI
8VLQJ YHUVLRQ FRQWURO LV WKH RWKHU

KLOH WIKHWIHW SREBBHEBPIHW UXQQLQJ WKH GHEXJJHU FDQ

" 3DXVH UHVXPH RU UHVWDUW WKH WDUJHW

" ,QVSHFW DQG GLVSOD\ WKH YDOXHV RI YDULDEOHYV
&KDQJH WKRVH YDOXHYV
:DWFK IRU FHUWDLQ HYHQWYV

'RQROMHHG WR PRGLI\ WKH VRXUFH RI WKH WDUJHW SURJUDP

" 'HSHQGLQJ RQ \RXU ODQJXDJH \RX PD\ QHHG WR FRPSLOH LW ZLWK GLIIHUHC
$QG \HV WKH GHEXJJHU PRGLILHVY WKH WDUJHW V OD\RXW LQ PHPRU\ DQG H
«EXW D ORW OHVV WKDQ SULQW VWDWHPHQWYV «
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«ZLWK D ORW OHVV HIIRUW IURP \RX

'"HSHQGLQJ RQ ODQJXDJH DQG WRROV WKHUH PD\ EH VHYHUDO ZD\V WR
IDXQFK WKH GHEXJJHU ORDG WKH WDUJHW SURJUDP DQG VWDUW ZRUN
5XQ WKH GHEXJJHU ZLWK WKH WDUJHW SURJUDP DV D FRPPDQG OLQH DUJXPFE
", Q LQWHUSUHWHG ODQJXDJHV OLNH 3\WKRQ \RX FDQ DOVR VZLWFK LQWR GH
6RPHWLPHYV DROWW BRUWHP GHEXJJLQJ
'KHQ D SURJUDP IDLOV EDGO\ H J LOOHJDO PHRPRMW\GXPPBHVYVY LQ & LW FUH
&RSLHV DOO RI LWV LOQWHUQDO VWDWH WR D ILOH RQ GLVN
" &DQ WKHQ ORDG WKDW GXPS LOQWR WKH GHEXJJHU DQG VHH ZKHUH WKH SUR
"' 1RW DV JRRG DV ZDWFKLQJ LW UXQ«
«EXW VRPHWLPHVY WKH EHVW \RX FDQ GR
ORGHUQ JUDSKLFDO GHEXJJHUV W\SLFDOO\ VKRZ
" 7KH VRXUFH FRGH
" 7TKH FDOO VWDFN
7KH YDOXHV Rl YDULDEOHY WKDW DUH FXUUHQWO\ LQ VFRSH
, H JOREDO YDULDEOHV SDUDPHWHUV WR WKH FXUUHQW IXQFWLRQ FDOO
" $ SDQHO GLVSOD\LQJ ZKDW \RXU SURJUDP KDV SULQWHG WR VWDQGDUG RXW

YLIXUH $ '"HEXJJHU LQ $FWLRQ

, ] WKH GHEXJJHU LVISDMMIBDWHID CHYBHORSPHQUWVHRIDX\LVRRZ ROWMKHU WK
$ VRXUFH EURZVHU WKDW SUHVHQWY DQ RXWOLQH RI WKH SURMHFW V PRGXC
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JLIXUH 6RXUFH %URZVHU

'"$ FRGH DVVLVWDQW WKDW SUHVHQWY FRQWH[W VHQVLWLYH KHOS DQG GRFX|

JLIXUH &RGH $VVLVWDQW

"1RWH WRROV OLNH WKLY DUH DYDLODEOH IRU HYHU\ PRGHUQ ODQJXDJ

Created by Prince (www.princexml.com)



JLIXUH OLFURVRIW 9LVXDO 6WXGLR LQ $FWLRQ

7KH GHEXJJHWEBHEQ NV RY QWKW WDUJHW SURJUDP
' 7HOOV WKH WDUJHW WR SDXVH ZKHQ LW UHDFKHV SDUWLFXODU OLQHV RI FR
2QFH WKH SURJUDP LV SDXVHVAQWE&H WWH%JIJHU FDQ

([HFXWH RQH VWDWHPHQW DW D WLPH

ORVW FDQ

' 6WHS IXQFR/LRQ FDOOV

' 6WHS RWKHHP RU

5XQ WR WKH HQG RI WKH FXUUHQW IXQFWLRQ

:KHQ WKH WDUJHW LV SDXVHG WKH GHEXJJHU FDQ GLVSOD\ WKH FRQW
' 7KH FRPSLOHU RU LQWHUSUHWHU NHHSV WUDFN RI WKH W\SHV Rl YDOXHV L
' «VR WKH GHEXJJHU FDQ VKRZ LQWHJHUV DV LQWHJHUV UDWKHU WKDQ DV VH
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JLIXUH ,QVSHFWLQJ 9DOXHYV

ORVW GHEXJJHUV FDQ DOVR HYDOXDWH H[SUHVVLRQV XVLQJ WKH FXUUL
(J W\SHLQGHEXJJHU GLEUSBD\V

' <HV WKLV PHDQV WKDW HYHU\ GHEXJJHU FRQWDLQV D PLQL LQWHUSUHWHU |

7KLV LV D ORW HDVLHU WKDQ DGGLQJ SULQW VWDWHPHQWV «

$ UXQQLQJ SURJUDP LV
' $ EXQFK RI E\WHV LQ PHPRU\ ZKRVH YDOXHV DUH LQVWUXFWLRQV
(DFK VWDWHPHQW LQ WKH VRXUFH SURJUDP W\SLFDOO\ FRUUHVSRQGV WR \
7KH FRPSLOHU RU LQWHUSUHWHU FDQ SURGXFH D WDEOH WKDW UHFRUGV
' $QRWKHU EXQFK RI E\WHV ZKRVH YDOXHV DUH WKH SURJUDP V YDULDEOHYV
' 7TKWWDWLFFROWDH QV FRQVWDQW VWULQJV PDJLF QXPEHUV HWF
7KH FDOO VWDFN LV WKH SDUDPHWHUV WR DOO FXUUHQWO\ DFWLYH IXQFW|
7KHKHDISY DOO G\QDPLFDOO\ FUHDWHG REMHFWYV
" 6RPMHJILVWHUYV
' $QLOQVWUXFW MRKDBRNBWSW WUDFN RI ZKDW WR H[HFXWH QH[W
$VWDFEN SRR QWHHIIS WUDFN RI WKH FDOO VWDFN
OLVFHOODQHRXV RWKHU UHJLVWHUV IRU GRLQJ DULWKPHWLF HWF
,Q RUGHU WR VHW D EUHDNSRLQW RQ D SDUWLFXODU OLQH D GHEXJJH
' JLIXUHV RXW ZKLFK LQVWUXFWLRQV ZHUH SURGXFHG IRU WKH VWDWHPHQW F
5HFRUGYV WKH ILUVW Rl WKRVH LQVWUXFWLRQV LQ D VDIH SODFH
5HSODFHV WKDW LQASWA R FWIUKG VELRE D
' (YHU\ SURFHVVRU DQG YLUWXDO PDFKLQH KDV RQH RI WKHVH
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J)LIXUH &UHDWLQJ D %UHDNSRLQW

:KHQ WKH WDUJHW SUR38/LOPQYMDIPKAHWLW & H
' )W VWRSV DQG VHQGV D VLIJQDO WR WKH RSHUDWLQJ V\VWHP«
«ZKLFK SDVVHV WKH VLJQDO RQ WR WKH GHEXJJHU«
«ZKLFK ZDLWV IRU LQVWUXFWLRQV IURP WKH XVHU
6XFK DV 36KRZ PH WPKH 7YHIPGBXH R
‘KHQ WKH XVHU ZDQWV WKH SURJUDP WR UHVXPH WKH GHEXJJHU
3XWV WKH LQVWUXFWLRQ DW WKH EUHDNSRLQW ORFDWLRQ EDFN LQ SODFH
' 7THOOV WKH SURJUDP WR H[HFXWH MXVW WKDW LQVWUXFWLRQ
' (YHU\ SURFHVVRU DQG YLUWXDO PDFKLQH KDV D 3VLQJOH VWHS’ PHFKDQLYV
5HSODFHV WKH LQWEIU/ROWHRIUZLQYK D
' 2WKHUZLVH WKH EUHDNSRLQW ZLOO GLVDSSHDU
' 7THOOV WKH SURJUDP WR UXQ QRUPDOO\

'"HEXJJHU OHWYVY \RX PRYH XS DQG GRZQ WKH FDOO VWDFN
' SBHPHPEHU WKH VHW RI RXWVWDQGLQJ IXQFWLRQ FDOOV LV MXVW D EXQFK R
'"HEXJJHU FDQ DVN KRZ ODUJH HDFK RQH LV VR LW NQRZV ZKHUH WR JR WR J
/JHWV \RX ILJXUH RXW KRZ H[HFXWLRQ JRW WR D SDUWLFXODU SODFH
' 2WKHUZLVH NQRZQ DV 3:KDW"" :H VKRXOGQ W EH KHUH
&DQ PRGLI\ YDULDEOHYVY LQ D UXQQLQJ SURJUDP WRR
.l \RX KDYH D WKHRU\ DERXW ZK\ DQ LQWHUPLWWHQW EXJ LV RFFXUULQJ
5XQ WR WKDW SRLQW
' 6HW YDULDEOHV YPmMXHWMSRH J VHW
5HVXPH H[HFXWLRQ
6RPHWLPHV XVHG WR WHVW HUURU KDQGOLQJ FRGH
" (DVLHU WRWIKMDHBFEHQW : DURLQINHFRQGY LQ GHEXJJHU WKDQ WR SXOO0 RXW \
&DQ FRWGLWLRQDO EUHDNSRLQWYV
' 2Q0\ SDXVHV SURJUDP LI VRPH FRQGLWLRQ LV PHW
' JRRS LQGH[ JUHDWHU WKDQ
)LOHQDPH DUJXPHQWRMRHIXQFWLRQ LV
6RPH GHEXJJHUV DODMREKSRI QWY
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+DYH WKH GHEXJJHU ZDWFK HYHU\ ZULWH WR PHPRU\
+DOW ZKHQ DQ\WKLQJ DQ\ZKHUH PRGLILHVY D SDUWLFXODU YDULDEOH
" 60RZ WKH SURJUDP GRZQ D ORW
" 7\SLFDOO\ D IDFWRU RI RU PRUH
%XW VRPHWLPHY WKH RQO\ SUDFWLFDO ZD\ WR ILQG RXW ZK\ D VWULQJ LQ &

" 7KH VLPSOHVW EXJV WR IL[ DUH WKH RQHV WKDW GRQ W H[LVW
" 'HVLIJQ UHIOHRPW HRGH XVV
$ ZHHN RI KDUG ZRUN FDQ VRPHWLPHY VDYH \RX DQ KRXU RI WKRXJKW
" ODNH JRRG VW\OH D KDELW
" 7UDLQ \RXUVHOI WR GR WKLQJV ULJKW VR WKDW \RX OO FRGH ZHOO HYHQ Zt

"JLUVW VWHS LV NQRZLQJ ZKDW WKH SUREOHP LV
' 3, W GRHVQ W ZRUN’ LVQ W JRRG HQRXJK
:KDW H[DFWO\ LV JRLQJ ZURQJ"
+RZ GR \RX NQRZ"
" 5BHTXLUHV \RX WR NQRZ KRZ WKH VRIWZDUH LV VXSSRVHG WR EHKDYH
',V WKLV FDVH H[SOLFLW LQ WKH VSHFLILEFDWLRQ"
.1 QRW
'R \RX KDYH HQRXJK NQRZOHGJH WR H[WUDSRODWH"
' 'R \RX KDYH WKH ULJKW WR GR VR"
" ULWH LW GRZQ
3UHIHUDEO\ DZD\ IURP WKH NH\ERDUG DQG VFUHHQ
" 7U\V QRW WR OHW ZKDW \RX UH VHHLQJ LQIOXHQFH ZKDW \RX H[SHFW WHF
" &RJQLWLYH GOWDRYDXQFM R DGMXVW ZKDW ZH WKLQN ZH UH REVHUYLQJ LQ RLU
" 4XHVWLRQ :KDW GR WHVWHUV GR ZKLOH ZDLWLQJ IRU FRGH"
$QVZHU UHDG WKH VSHFLILFDWLRQ DQG VWDUW ZULWLQJ GRZQ WHVW FDVH\
.l WKHUH V QR VSHFLILFDWLRQ \RX UH ZDVWLQJ YDOXDEOH WLPH
' $QG LI 4% LVQ W LQYROYHG LQ GUDZLQJ XS WKH VSHFLILEFDWLRQ WR JXDUD

" $UH \RX DFWXDOO\ HIHUFLVLQJ WKH SUREOHP WKDW \RX WKLQN \RX DU|
$UH \RX JLYLQJ LW WKH ULJKW WHVW GDWD"
",V LW FRQILIXUHG WKH ZD\ \RX WKLQN LW LV"
,V LW WKH YHUVLRQ \RX WKLQN LW LV"
+DV WKH IHDWXUH DFWXDOO\ EHHQ LPSOHPHQWHG \HW"
" K\ DUH \RX VXUH"
" OD\EH WKH UHDVRQ \RX FDQ W LVRODWH WKH SUREOHP LV WKDW LW V QRW W
" $QRWKHU DUJXPHQW LQ IDYRU RI DXWRPDWLF UHJUHVVLRQ WHVWYV
*XDUDQWHHG WR UHUXQ WKH WHVW WKH VDPH ZD\ HDFK WLPH
" $OVR D JRRG DUJXPHQW DJDLQVW DXWRPDWLF UHJUHVVLRQ WHVWYV
", WKH WHVW LV ZURQJ LW ZLOO JHQHUDWH WKH VDPH IDOVH QHJDWLYH HDF
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" <RX FDQ RQO\ GHEXJ WKLQJYV ZKHQ \RX FDQ VHH WKHP JRLQJ ZURQJ
" )J)LQG D WHVW FDVH WKDW PDNHV WKH FRGH IDLO
' 7KHQ WU\ WR VLPSOLI\ LW
7KHQ WU\ WR ILQG DQRWKHU RQH
8VH GDWD WR ZHHG RXW IDOVH K\SRWKHVHYV
" SBHPHPEHU LW V FRPSXWHU VFLHQFH QRW FRPSXWHU IOLS D FRLQ
", I\RX FDQ W PDNH LW IDLO UHSHDWHGO\ \RX UH JRLQJ WR KDYH WR UH
3RVW PRUWHP LQVSHFWLRQ DXWRSVLHV
%XW WKHQ \RX KDYH WR UHDVRQ@K\WWKMZOUBIWDNR FUDVKH B X W
' /JRJJLQJI ZLWK SULQW VWDWHPHQWYV
' %XW WKLV FDQ GLVWRUW WKH SURJUDP V EHKDYLRU

" 2QFH \RX KDYH D WHVW WKDW PDNHV WKH V\VWHP IDLO LVRODWH WKH
" )DXOWYV FDQ RQO\ RFFXU XSVWUHDP IURP ZKHUH WKH V\VWHP IDLOV
/RRN DW LQSXW WR WKH PRGXOH WKDW V IDLOLQJ
, ] WKDW V ZURQJ ORRN DW SUHFHGLQJ PRGXOH V LQSXW DQG VR RQ
" )DLO HDUO\ IDLO RIWHQ
" 8VDVVHWW WUDS FRQVLVWHQF\ HUURUV HDUO\
(YHU\ WLPH \RX IL[ D EXJ VHH ZKHWKHU \RX FDQ DGG DQ DVVHUWLRQ
", \RX PDGH WKH PLVWDNH RQFH RGGV DUH WKDW \RX RU VRPHRQH ZLOO |
" $QRWKHU VWURQJ DUJXPHQW DJDLQVW GXSOLFDWHG FRGH

" 5BHSODFLQJ UDQGRP FKXQNV RI FRGH XQOLNHO\ WR GR PXFK JRRG
" LIARX JRW LW ZURQJ WKH ILUVW WLPH ZKDW PDNHV \RX WKLQN \RX OO JHW L
6R DOzZD\V KDYH D K\SRWKHVLV EHIRUH PDNLQJ D FKDQJH
" &KDQJH RQH WKLQJ WKHQ UH UXQ \RXU WHVWYV
" &KDQJHV FDQ RIWHQ XQFRYHU RU LOQWURGXFH QHZ EXJV
" 7KH PRUH WKLQJV \RX FKDQJH DW RQFH WKH KDUGHU LW LV WR NQRZ ZKDW
$QG WKH KDUGHU LW LV WR NHHS WUDFN RI ZKDW \RX YH GRQH DQG ZKDW H

" 6FLHQFH ZRUNV EHFDXVH VFLHQWLVWY NHHS UHFRUGYV
", \RX WU\ WR NHHS WKH VWDWH RI SOD\ LQ \RXU KHDG \RX ZLOO ORVH

3:DLW GLGQ W $ IROORZHG E\ % ZLWK DQ RGG QXPEHU RI OLQHV FDXVH WKR\
DQG % ZLWK DQ HYHQ QXPEHU RI OLQHV""

" BHFRUGV SDUWLFXODUO\ XVHIXO ZKHQ JHWWLQJ KHOS
' 3HRSOH DUH PRUH OLNHO\ WR OLVWHQ ZKHQ \RX FDQ H[SODLQ FOHDUO\ ZKDYV

", \RX FDQ W ILQG LW LQ PLOXWHYV DVN IRU KHOS
" -XVW H[SODLQLQJ WKH SUREOHP DORXG LV RIWHQ HQRXJK
" 'RQ W NHHS WHOOLQIKRZEBBWNOLIZKW LG\RHVQ W LW GRHVQ W
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1HYHU GHEXJ ZKLOH JULQGLQJ \RXU WHHWK HLWKHU «
" .HHS WUDFN RI \RXU PLVWDNHV
" -XVW DV UXQQHUV NHHS WUDFN RI WKHLU WLPH IRU WKH PHWHU VSULQW
" <RX UH PRVW OLNHO\ WR IL[ ZKDW \RX UH SD\LQJ DWWHQWLRQ WR

" +RZ SURGXFWLYH \RX DUH GHSHQGV RQ
" :KDW WRROV \RX XVH
+RZ ZHOO \RX XVH WKHP
" $ VIPEROLF GHEXJJHU ZLOO PDNH \RX PRUH SURGXFWLYH
" /LNH DQ\ RWKHU WRRO WKHUH V D OHDUQLQJ FXUYH
" %XW DIWHU D IHZ VHVVLRQYRURDERG @& A & BOYHV ¥ RULHP H
" 7KH EHVW GHEXJJHU LQ WKH ZRUOG LV QR VXEVWLWXWH IRU ZRUNLQJ F
7KH VFLHQWLILF PHWKRG LV WKH EHVW WRRO ZH YH HYHU LQYHQWHG IRU ILC
WRS

Object-Oriented Programming

'UDIW 9HUVLRQ

' +RZ VKRXOG D SURJUDPPHU UHSUHVHQW ;< SRLQWV"
8VLQJ D OLVW RI WZR QXPEHUV LV FRQYHQLHQW EXW
3HRSOH UHDGLQJ WKH FRGH KDYH WS> UBIRBI® E HW KRIU<JKRIR'V G MWXDWH ’
' 7KHUH V QRWKLQJ WR VWRS VRPHRQH DFFLGHQWDOO\ DSSHQGLQRUDDWKHUG
' $OPRVW DOO PRGHUQ ODQJXDJHV HQF REVDIWHDSWRG D WP WUSVHWR GHILC
' &DOOEGWEHBDFIMXVH WKH\ KLGH WKH GHWDLOV Rl WKHLU LPSOHPHQWDWLRQ
3URJUDPPHUV LQWHUDFW ZLWK WKHP WKURXJK D OLPLWHG VHW RI RSHUDWL
JHZHU WKLQJV FDQ JR ZURQJ
(DVLHU WR UHDG UHVXOWLQJ FRGH
' ODNHV FRGH HDVLHU WR PDLQWDLQ VLQFH LQWHUQDOV FDQ EH FKDQJHG Z
' $Q $'7 LV XVXDOO\ FUHDWOIBWEK IS® IEQHDRWIDQJ RQH R U [PRWW DROEFMINDWV F\G
$00 REMHFWV KDYH WKH VDPH PHWKRGYV DELOLWLHV EXW WKHLU RZQ VWD)
&KDQJHV WR RQH REMHFW GR QRW DIIHFW WKH VWDWH Rl RWKHUV

" '"HILQH D FODVV LQ 3\MOKKRMMXYRQ & WKH
/[LNH RWKHU RBODY\RW GROORZH@OD G LQWURGXFHYV EORFEN
" 1DPH RI WKH QHZ FODVV LV RENDERD 5 DRIOIQRZKH BV
‘H OO0 VHH RWKHU RSWLRQV ODWHU
' &UHDWH D QHZ LQVWDQFH RI WKH FODVV E\ 3 FDOOLQJ" WKH FODVV QDP
", WKH FODVG6DNVEMRG&LVWUHDWHY D EODQN REMHFW
6HH LQ D PRPHQW KRZ WR PDNH REMHFWYVY PRUH LQWHUHVWLQJ
" ORVW REMHEWW K PHHEHDW VWRUH WKHLU LQWHUQDO VWDWH
$ 3SHUVRQDO” YDULDEOH OLNH 3P\ QRVH" RU 3P\ ZDWFK"’
8VH WKH H[SRIEHW\GIDRVPD DFFHE W WIKAEH R RM
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8QOLNH & DQG -DYD 3\WKRQ KDV QR QRWLRQ RI *KLGLQJ" GDWD PHPEHUYV
&UHDWH GDWD PHPEHUV VLPSO\ E\ UHIHUULQJ WR WKHP
' 7KH H[SUHRBMRQ HLWKHU
*LYHRE® QHZ PHPEBQG DVVLJQV LW WKH YDOXH RU
" 2YHUZULWHYV WKH H[ 2\ WIKQW HHH FY DX H
-XVW OLNH FUHDWLQJ YDULDEOHV LQ D IXQFWLRQ
(IDPSOH DQ ;< SRLQW

'FODVV SRLQW G REMHFW
‘ SDVV

‘LI BBQDPHBB BBPDLQBB
f S SRLQW G
S [
S\
SULQW SRLQW LV S
SULQW FRRUGLDQWHYV DUH S [ S\

1DNHG FODVVHV DUH MXVW JORULILHG GLFWLRQDULHYV
' QVWHRBEM [ ZDREM |
5HDOO\ EHFRPH LOWHUHVWLQJ ZKHQ ZH VWDUW WR GHILQH PHWKRGYV
' $Q\ IXQFWLRQ GHILQHG LQVLGH D FODVV EHORQJV WR WKDW FODVV
‘KHQ D PHWKRG LV FDOOHG 3\WKRQ SDVVHV WKH REMHFW LWVHOI DV WKH P
'KLFK PHDQV WKDW HYHU\ PHWKRG PXVW WDNH DW OHDVW RQH DUJXPHQW
%\ FRQYHQWLRQVHOW LV FDOOHG
K\ XVH PHWKRGV"
ODNH FRGH HDVLHU WR XQGHUVWDQG E\ JURXSLQJ RSHUDWLRQYV
' *LYH SURJUDPPHUV D SODFH WR FKHFN WKH LQWHJULW\ RI WKHLU $'7V
7KH H[SUHRBMLBPPGIWK DUYHTXLYDOHQW WR
' )LQG WKH FRPMV WE&DRWVWDQFH RI
&D OO W K DRH WRBHDW K RGREIMNIGU DYV DUIXPHQWYV
‘KHQ D QHZ REMHFW LV FUHDWHG 3\WKRQ FKHFNV ZKHWEBUQWWBBODV
' I LW KDV 3\WKRQ FDOOV LW EHIRUH GRLQJ DQ\WKLQJ HOVH
7KIBRQVW EPROWRYH WKH REMHFW LWV LQLWLDO GDWD PHPEHUV VLPSO\ E\ DV
,QVLGH D PHWKRG UH IGIDWIHRP &KV R@ME8 BW D/
6LQFH WKH REMHFW ZDV SDVVHG WR WH®IPHWKRG DV WKH SDUDPHWHU
7KH H[S U HY/DMBIMRWK H VD R/H ®NGDWD
' GDWRIQ LWV RZQ PHDQV *D ORGFDWDYDULDEOH FDOOHG
(IDPSOH D ' SRLQW LQ WKH XSSHU ULJKW TXDGUDQW

'FODVV SRLQW G REMHFW

&RQVWUXFWRU GHILQHV KRZ WR FUHDWH QHZ REMHFWYV
GHI BBLQLWBB VHOI

VHOI |

VHOI \

*HW ; FRRUGLQDWH
GHI JHW; VHOI
UHWXUQ VHOI [

6HW ; FRRUGLQDWH
GHI VHW,; VHOI QHZ;
DVVHUW QHZ; !
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*HW DQG VHW < FRRUGLQDWH
GHI JHW< VHOI
UHWXUQ VHOI \

GHI VHW< VHOI QHZ<
DVVHUW QHZ< !
VHOI \ QHZ<

&DOFXODWH QRUP
GHI QRUP VHOI
UHWXUQ PDWK VTUW VHOI [ VHOI \

" TKBBLQLWHRRVWUXFWRU VHWY WKH SRLQW V LQLWLDO FRRUGLQDWHYV

" TKHHWRPHWKRGY UHSODFH UDZ UHDG DFFHVV

" TKVHWPHAWKRGY FKHFN WKH FRQVWUDLQWY RQ WKH VWDWH RI WKH FODVYV
", VRPHRQH WULHV WR DVVLJQ D QHIJDWLYH FRRUGLQDWH WKH FODVYV ZLOC
' )DLO HDUO\ IDLO RIWHQ
" 1RWH ZKHQ WHVWLQJ WKH FODVV WHVW WKH HUURU KDQGOLQJ WRR

'Ll BBQDPHBB BBPDLQBB
f S SRLQW G
DVVHUW S JHW;
DVVHUW S JHW<
S VHW;
S VHW<
DVVHUW S JHW;
DVVHUW S JHW<
DVVHUW S QRUP
WU\
S VHW;
DVVHUW )DOVH
H[FHSW $VVHUWLRQ(UURU

" HHS WKIRRU\ PRQHRA QG ZKHQ WKLQNLQJ DERXW REMHFWYV
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JLIXUH OHPRU\ ORGHO

"'$ PHWKRG LV MXVW D IXQFWLRQ WKDW 3\WKRQ FDQ FDOO LQ D SDUWLFXODU
' <RX FDQ FDOO LW GLUHFWO\ LI \RX ZDQW WR

S SRLQW G

S VHW,;

S VHW«<
‘ SULQW FDOOLQJ JHW; GLUHFWO\ JLYHV SRLQW G JHW; S
calling getX directly gives 9.0

' $ TXHXH FDQ GR WKUHH WKLQJV
" (QTXHXH DQ LWHP
" "HTXHXH WKH IURQW LWHP
' :KLFK UDLVHV DQ H[FHSWLRQ LI WKH TXHXH LV HPSW\
' SBHPHPEHU HUURU EHKDYLRU LV SDUW RI D FODVV V LQWHUIDFH WRR
' BHSRUW ZKHWKHU LW LV HPSW\ RU QRW
' :KLFK LV OHVV SRZHUIXO WKDQ UHSRUWLQJ LWV VL]H
"$ TXHXH PD\ VWRUH LWHPV LQ PDQ\ GLIITHUHQW ZD\V
' 7KH VLPSOHVW LQ 3\WKRQ LV SUREDEO\ WR XVH D OLVW«
' «EXW LW LVQ W WKH RQO\ RQH«
' «DQG ZKRHYHU LV XVLQJ WKH FODVV VKRXOGQ W FDUH
' $W OHDVW QRW XQOHVV VSHHG DQG RU PHPRU\ UHTXLUHPHQWY EHFRPH DC
'  PSOHPHQWDWLRQ

'FODVV 4XHXH REMHFW
3 ,PSOHPHQW D TXHXH

GHI BBLQLWBB VHOI
&RQVWUXFW DQ HPSW\ TXHXH
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VHOI GDWD >@

GHI HQT VHOI YDO
$GG D QHZ YDOXH WR WKH HQG RI WKH TXHXH
VHOI GDWD DSSHQG YDO

GHI GHT VHOI
BHWXUQ WKH IURQW YDOXH RI WKH TXHXH RU UDLVH 9DOXH(UURU L
WKH TXHXH LV HPSW\
LI OHQ VHOI GDWD
UDLVH 9DOXH(UURU &DQ W GHTXHXH IURP HPSW\ TXHXH
YDO VHOI GDWD> @
VHOI GDWD VHOI GDWD> @
UHWXUQ YDO

GHI HPSW\ VHOI
5HSRUW ZKHWKHU WKH TXHXH LV HPSW\ RU QRW
UHWXUQ OHQ VHOI GDWD

' 8VI-GRFVWIUCD.QW\HDG RI FRPPHQWYV WR GRFXPHQW FODVVHVY DQG PHWKRGV DQ
" 8QOLNH FRPPHQWYV WKH\ DUH NHSW DW UXQWLPH WR SURYLGH LQWHUDFWL

SULQW 4XHXH BBGRFBB
SULQW 4XHXH HQT BBGRFBB
: SULQW T GHT BBGRFBB
Implement a queue.
‘Add a new value to the end of the queue.
‘Return the front value of the queue, or raise ValueError if
‘ the queue is empty.

' UDLVH 9DOXH(QWRUHDG RVXWE®WHQ VRPHRQH WULHV WR GHTXHXH IURP DQ HP¢
'’ 7KH RSHUDWLRQ LVQ W D 10DZ LQ WKLV FRGH ZKLFK LV ZKDW DVVHUWLRQYV
' AXHVWLRQ SRKRNWOG VIHGRLQW G DM+ UDDWVHKG (UDRWHOO"

' $0ZD\V LQFOXGH WHVWYV

'Ll BBQDPHBB BBPDLQBB
‘ T 4XHXH
DVVHUW T HPSW\
WU\
[ T GHT
DVVHUW )DOVH
H[FHSW 9DOXH(UURU
SDVV
T HQT ILUVW
DVVHUW QRW T HPSW\
T HQT VHFRQG
DVVHUW T GHT ILUVW
DVVHUW T GHT VHFRQG
DVVHUW T HPSW\

' BBLQLWEBRBMXVW RQH HMBRBSIOMHORRHWKR G
' $00 KDYH QDPHV EHJLQQLQJ DQG HQGLQJ ZLWK GRXEOH XQGHUVFRUH
' *LYH SURJUDPPHUV D ZD\ WR PDNH WKHLU GDWD W\SHVY ORRN OLNH WKRVH E;
" ORVW ZLGHO\ XVHGBWWSJBBEDE O\
' :KHQ 3\WKRQ QHHGV D VWULQJ UHSUHVHQWDWLRQ Rl D@RAMHEBRY LW VHHV L
' I LW GRHV 3\WKRQ FDOOV LW DQG XVHV WKH VWULQJ LW UHWXUQYV
' I LW GRHVQ W 3\WKRQ FUHDWHY D GHIDXOW VWULQJ UHSUHVHQWDWLRQ
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'FODVV ILUVW REMHFW

GHI BBLQLWBB VHOI QDPH
VHOI QDPH QDPH

iFODVV VHFRQG REMHFW

GHI BBLQLWBB VHOI QDPH
VHOI QDPH QDPH

GHI BBVWUBB VHOI
UHWXUQ VHFRQG V VHOI QDPH

'l ILUVW RUDQUJH

§SULQW ILUVW REMHFW LV |
'V VHFRQG DSSOH

§SULQW VHFRQG REMHFW LV V
ﬁfirst objectis <__main__.first object at 0x401d982c>
:second object is second/"apple"

' 2WKHU H[DPSOHYV
' JIREMV DQ REME FREEAVD (REW BBOHQBB
' (DV\ WR DIKGI XWR UHSRUW KRZ ORQJ WKH TXHXH LV
' [ LQ REM HTXLY REMQBBMRRQWDLQVBB |
' "RXOG DOVR EH HDN\HWFE O\8 &/ KRRXOG ZH"
'’ 'RQ W ZDQW WR FUHDWH 3NLWFKHQ VLQN" FODVVHV

'FODVV 4XHXH REMHFW

GHI BBLQLWBB VHOI
VHOIl GDWD >@

GHI HQT VHOI YDO
VHOI GDWD DSSHQG YDO

GHI GHT VHOI
LI OHQ VHOI GDWD
UDLVH 9DOXH(UURU &DQ W GHTXHXH IURP HPSW\ TXHXH
YDO VHOI GDWD> @
VHOI GbwD VHOI GDWD> @
UHWXUQ YDO

GHI BBOHQBB VHOI
UHWXUQ OHQ VHOI GDWD

GHI HPSW\ VHOI
UHWXUQ VHOI BBOHQBB

‘LI BBQDPHBB BBPDLQBB
? T 4XHXH

THQT ILUVW

T HQT VHFRQG

DVVHUW OHQ T

T GHT

T GHT

DVVHUW T HPSW\

' :KDW LI ZH ZDQW WZR W\SH\BRO HGBEG RRGHZZ MWKR X W "
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' ORUH UHDOLVWLFDOO\ VXSSRVH ZH KDYH WZR W\SHV Rl SHRSOH SURIF
' 7KH\ KDYH D ORW LQ FRPPRQ QDPHV HPDLO DGGUHVVHV HWF
' %XW HDFK KDV WKLQJV WKH RWKHU GRHVQ W HJ DQ RIILFH RU FRXUVHV W
' GHDOO\ GRQ W ZDQW WR ZULWH HDFK PHWKRG WZLFH
' $Q\WKLQJ UHSHDWHG LQ WZR RU PRUH SODFHV ZLOO HYHQWXDOO\ EH ZURQ
" 7KH REMHFW RULHQWKIUV ROXQWHRQ LV
' 2QH FOOWHQ®BWUHQWEFOBWBGLQJ QHZ VWDWH DQG PHWKRGYV
' $Q\WKLQJ LQVWDQFHV RI WKH SDUHQW FODVV FDQ GR LQVWDQFHV RI WKH
' %XW QRW YLFH YHUVD
' (IWHQG DQ\ FODVV ZLWHKKDQ®G GOMEMUH R |
' $00 FKLOGUHQ VKDUH WKH EHKDYLRU RI WKHLU SDUHQW
'’ %XW DUH FRPSOHWHO\ LQGHSHQGHQW RI RQH DQRWKHU
' YJRU H[DPSOH [HHIVRE D

'FODVV 3HUVRQ REMHFW
1 5HSUHVHQW JHQHULF WUDLWYV RI DQ\ SHUVRQ

GHI BBLQLWBB VHOI QDPH HPDLO
&UHDWH D QHZ SHUVRQ ZLWK D QDPH DQG DQ HPDLO DGGUHVYV
VHOI QDPH QDPH
VHOI HPDLO HPDLO

GHI JHW1DPH VHOI
UHWXUQ VHOI QDPH

GHI JHW(PDLO VHOI
UHWXUQ VHOI HPDLO

" TKHQHUBYRIHVVRU

'FODVV 3URIHVVRU 3HUVRQ
1 URIHVVRUY DUH PRUH WKDQ SHRSOH

GHI BBLQLWBB VHOI QDPH HPDLO RIILFH
3HUVRQ BBLQLWBB VHOI QDPH HPDLO
VHOI RIILFH RIILFH

GHI JHW2IILFH VHOI
UHWXUQ VHOI RIILFH

' 1IRWH WRDWRIHWVRU 3HUQRYHDURRHVVRU REMHEW
' 6LJQDOBURKBWHRWHRBYVRQVWHDG Rl WKH REQMHEFDDEXLOW LQ

' 1IRWH DOY¥BRWHWDWR FRQVW UXFHWRARED OOV
" (QVXUHV WKRBHWVIRO RIWLDOL]DWLRQ LV GRQH ZLWKRXW GXSOLFDWLQJ FRG|
" (QVXUHV WK DW 3FHUD/@IGO/OWRKWRPDWLFDBEUERQHIOHFWHG LQ

' 1RZ GHIBMPXGHQW

'FODVV 6WXGHQW 3HUVRQ
1 6WXGHQWY DUH PRUH WKDQ SHRSOH WRR

GHI BBLQLWBB VHOI QDPH HPDLO SURJUDP
3HUVRQ BBLQLWBB VHOI QDPH HPDLO
VHOI SURJUDP SURJUDP

GHI JHW3URJUDP VHOI
UHWXUQ VHOI SURJUDP

' $QG UXQ D IHZ WHVWV

LI BBQDPHBB BBPDLQBB
‘ WE BURIHVVRU 7\FKR %UDKH W EUDKH#FRSHQKDJHQ GN 5RRP
SULQW WE JHW1DPH WE JHW(PDLO WE JHW2IILFH
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M N 6WXGHQW -RKDQQHV .HSOHU M NHSOHU#XUDQLERUJ RUJ % $
: SULQW MN JHW1DPH MN JHW(PDLO MN JHW3URJUDP
iTycho Brahe t.brahe@copenhagen.dk Room 241
:Johannes Kepler j.kepler@uraniborg.org B.A.

6XSSRVH ZH3GHILREG BBV WWKBBHUUWGH.WK PRUH VSHFBLLEI I GWIRQYGWLRQV
BWXGHQW
" :KHQ 3\WKRQ ORRNV IRU D PHWKRG LW FKHFNV WKH REMHFW V FODVV WKHQ

J)LIXUH OHWKRG /RRNXS

" BHVXOW LV WKDW 3\WKRQ FDOOV WKH PRVW DSSURSULDWH PHWKRG IRU DQ F

"FODVV 3HUVRQ REMHFW

| GHI BBLQLWBB VHOI QDPH HPDLO
VHOI QDPH QDPH
VHOI HPDLO HPDLO

GHI BBVWUBB VHOI
UHWXUQ V V VHOI QDPH VHOI HPDLO

"FODVV 3URIHVVRU 3HUVRQ

: GHI BBLQLWBB VHOI QDPH HPDLO RIILFH
3HUVRQ BBLQLWBB VHOI QDPH HPDLO
VHOI RIILFH RIILFH

GHI BBVWUBB VHOI
UHVXOW 3HUVRQ BBVWUBB VHOI
UHVXOW S5RRP V VHOI RIILFH
UHWXUQ UHVXOW

"FODVV 6WXGHQW 3HUVRQ

‘ GHI BBLQLWBB VHOI QDPH HPDLO SURJUDP
3HUVRQ BBLQLWBB VHOI QDPH HPDLO
VHOI SURJUDP SURJUDP

GHI BBVWUBB VHOI
UHVXOW 3HUVRQ BBVWUBB VHOI
UHVXOW SURJUDP V VHOI SURJUDP
UHWXUQ UHVXOW

‘LI BBQDPHBB BBPDLQBB
: FURZG >
3URIHVVRU 7\FKR %UDKH W EUDKH#FRSHQKDJHQ GN 5RRP
6WXGHQW -RKDQQHV .HSOHU M NHSOHU#XUDQLERUJ RUJ % $
@
IRU SHUVRQ LQ FURZG
3 SULQW SHUVRQ
- Tycho Brahe (t.brahe@copenhagen.dk) Room Room 241
:Johannes Kepler (j.kepler@uraniborg.org) Program B.A.

3RO\PRUPKHIVPV KDYLQJ PRUH WKDQ RQH IRUP’
'’ ,Q REMHFW RULHQWHG SURJUDPPLQJ LW PHDQV EHLQJ DEOH WR WUHDW GLII
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(J LI HYHU\ FODV\6 IGIHSGIHYI H G H Y FOPP BINVDWRKBIEM DUHDLOO UHW XU @R BWKIHVBUR KB R
FDOOHU KDYLQREWR DEMRXDIOO\ D VTXDUH RU D FLUFOH

' 3\WKRQ ORRNV XS HDFK PHWKRG ZKHQ LW V FDOOHG
' 6R DQ\ WZR FODVVHV WKDW GHILQH WKH VDPH VHW RI PHWKRGV FDQ EH XVHC
' +RZHYHU WKH XVXDO ZD\ WR LPSOHPHQW SRO\PRUSKLVP LV YLD LQKHU
2Q0\ RYHUULGH WKLQJV WKDW QHHG WR FKDQJH
' 7TKHLVNRY 6XEVWLWXWIRQHYUWEBPMWE QW VKRXOG DOZD\V EH SRVVLEOH W
ZLWK DQ LQVWDQFH RI WKH FKLOG FODVYV
' OHDQV WACOUM QW PUHHMKX U QV &KV WG LRIBWKW DOVR UHWXUQ D VWULQJ
JI3DUHQW FHHMKXUQV D QRQ HPSW\ VWULQJ EKW® GD WIRGUNKEVW BW WZKIDHOH YR ZH OV
' 2IWHQ H[SUHVVHG LQ WHUPV Rl SUH FRQGLWLRQV DQG SRVW FRQGLWLF
&KLOG PRWYW VDWLVI\ DOO WK I3 DBLRAVQW FRID\@ 6 WPLLR QWP KRV H PR U H
' ,Q RWKHU&KROGVP WWKRVVLEOH RXW S BWUHQIV \PYENK W R
6R DQ\ FRGH WKDW ZRUNV FR U UBFUWOQ VX \PIHXE OWAKRIQRWAVQ S KWWVRI ZRUN &K LJQ B H ¢
LQVWHDG
&KLOG PRWKLIJQRUH SRPH@®RW PHWHKH FRQGLWLERRW SRXW PRUH
' (TXLYDO&KQWOGE PBWKHSWY HY HBDAUKLON PBBWDQG SRVVLEO\ PRUH
6R DQ\ FRGH WK DB\ IFFRQ\W GFRRRIJEIBI FW O\ LV J X DSLKOL@\® HAHASR/ W R HFFMOOD. W R R

" 6RPHWLPHY ZDQW WR VKDUH GDWD EHWZHHQ DOO LQVWDQFHV RI D FOCL
" &RQVWDQWY D FRXQW RI WKH QXPEHU RI FODVV LQVWDQFHY FUHDWHG HWF
' $Q\ GDWD PHPEHUV GHRLQMBWARM EHOWKH WR WKH FODVYVY DV D ZKROH

'FODVV &RXQWHU REMHFW
QXP 1XPEHU RI &RXQWHU REMHFWY FUHDWHG

GHI BBLQLWBB VHOI QDPH
&RXQWHU QXP
VHOI QDPH QDPH

'Ll BBQDPHBB BBPDLQBB
SULQW LQLWLDO FRXQW &RXQWHU QXP
ILUVW &RXQWHU ILUVW
sUuLQw DIWHU FUHDWLQJ ILUVW REMHFW &ERXQWHU QXP
VHFRQG &RXQWHU VHFRQG
: suLQw DIWHU FUHDWLQJ VHFRQG REMHFW ERXQWHU QXP
initial count 0
after creating first object 1
‘after creating second object 2

" &DQ DOVR GHILQH PHWKRGV WKDW EHORQJ WR WKH FODVV UDWKHU WK
2XW RI VFRSH IRU WKLV FRXUVH EXW RIWHQ XVHIXO

' $OPRVW HYHU\ IHDWXUH RI 3\WKRQ REMHFWV FDQ EH RYHUULGGHQ E\
, ] GRQH FDUHIXOO\ PDNHV FRGH PXFK HDVLHU WR UHDG
", GRQH KDSKD]DUGO\ PDNHV LW DOPRVW LPSRVVLEOH WR XQGHUVWDQG
" 2QH FRPPRQ XKYHUIDWRU RYHUORDGLQJ
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' 7KH V\PEROV MXVW D VKRUWKDQG IRU D IXQFWLRQ WKDW WDNHV WZR DUJXP*
' I D FODVV GHILQBBD B GBI KNRIENHY SUHFHGHQFH RYHU WKH EXLOW LQ 3IXQFW!
' 6R[ \ FDQ@®@BDGGBB \
' 21 FRXUVH LW V QRW TXLWH WKDW VLPSOH
' [ DOE GRQ W DOZD\V GR WKH VDPH WKLQJ
' 6WULQJ FRQFDWHQDWLRQ
' ODWUL[ PXOWLSOLFDWLRQ
' &ODVVHV FDQ GHILQH ULJKW KDQG BWIVG & B VRHEBBHRUEBEBRUV H J
* Il KDV BBDGGBHBWKRG FDOO WKDW
' 2WKHUZLKI®VLBBUDG GBBVKRG FDOO WKDW
' 2WKHUZLVH WU\ 3\WKRQ V EXLOW LQV
' ([DPSOH D YMSEWRWHLRVW RI LWV HQWULHV DUH JHUR
' 1R SRLQW SDGGLQJ HOHYHQ DFWXDO YDOXHV ZLWK QLQH PLOOLRQ JHURHYV
' 6R XVH D GLFWLRQDU\ WR UHFRUG QRQ JHUR YDOXHV DQG WKHLU LQGLFHV
' $6GLWLRQ FUHDWH D QHZ YHFWRU ZLWK D QRQ JHUR YDOXH ZKHUHYHU HLWk
' '"RW SURGXFW DGG XS SURGXFWV RI PDWFKLQJ QRQ JHUR YDOXHV
' JHQJWK UHWXUQ RQH PRUH WKDQ WKH LQGH[ Rl WKH ODUJHVW QRQ JHUR YD
' 32QH PRUH” WR EH FRQVLVWHQW ZLWK 3\WKRQ V OLVWYV
' +P«ZKDW LV WKH DIMHWK RI

'Y 6SDUVHO9HFWRU DOO YDOXHV LQLWLDOL]JHG WR
Y> @ OHQJWK LV QRZ

Y> @ OHQJWK LV QRZ

Y> @ LV WKH OHQJWK VWLOO RU "

' 7KLV LVQ W D SURJUDPP.GOQIWDXPRBMEBWOY LRQV D
' :KDW GRHV WKH GDWD LQ WKH SURJUDP KDYH WR GR WR PRGHO WKH UHDO
" 7KH HDV\ VWXII
' &RQVWUXFWLRQ FUHDWHY DQ HPSW\ VSDUVH YHFWRU
' WV OHQJWK LV WKH ODUJHVW LQGH[ HYHU VHHQ
' 0D\ RU PD\ QRW EH VHQVLEOH EXW LW V HDV\ WR LPSOHPHQW
'FODVV 6SDUVH9HFWRU REMHFW
: ,PSOHPHQW D VSDUVH YHFWRU ,I D YDOXH KDV QRW EHHQ VHW
H[SOLFLWO\ LWV YDOXH LV JHUR

GHI BBLQLWBB VHOI
&RQVWUXFW D VSDUVH YHFWRU ZLWK DOO JHUR HQWULHYV
VHOI YDOXHV ~°

GHI BBOHQBB VHOI

7KH OHQJWK RI D YHFWRU OHQJWK LV WKH ODUJHVW LQGH[ HYHU VH
LI OHQ VHOI YDOXHV
UHWXUQ PD[ VHOI YDOXHV NH\V

’ ODNLQJ LW ORRN OLNH D YHFWRU
' 6XEVFULSWL@Y MOWKY D ELQDU\ RSHUDWRU WRR
' REM>LQGIH@PSOHPHRENMHBBDMWLWHPBB LQGH]
' REM>LQGH[@ YREXHBBVHWLWHP LQGH[ YDOXH
' IRWHGORJUDPPLQJ ODQJXDJHV GR WKLV2WKH RQO\ TXHVWLRQ LV ZKHWKHU
"""""""" GHI BBJHWLWHPBB VHOI NH\
SHWXUQ DQ H[SOLFLW YDOXH RU LI QRQH KDV EHHQ VHW
LI NH\ LQ VHOI YDOXHV
UHWXUQ VHOI YDOXHV>NH\@
UHWXUQ

GHI BBVHWLWHPBB VHOI NH\ YDOXH
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$VVLIQ D QHZ YDOXH WR D YHFWRU HQWU\
VHOIl YDOXHV>NH\@ YDOXH

" 'RW SURGXFW
" 7TKH RWKHU REMHFW RQ WIKWH XMXBEKORWEKBH BHG
" 1R UHDVRQ WR LQVLVW WKDW LW EH D VSDUVH YHFWRU
" &RXOG HTXDOO\ ZHOO EH D OLVW RI YDOXHV
" 6R ORRS RYHU WKH LQGLFHV RI RXU RZQ YDOXHV PXOWLSO\ E\ FRUUHVSRQG
" $Q\ LQGH[ QRW HQFRXQWHUHG LQ WKLV ORRS GRHVQ W PDWWHU VLQFH LW

GHI BBPXOBB VHOlI RWKHU
&DOFXODWH FURVYVY SURGXFW RI D VSDUVH YHFWRU ZLWK VRPHWKLQ

UHVXOW
IRUNLQ VHOI YDOXHV NH\V

UHVXOW VHOIl YDOXHV>N@ RWKHU>N@
UHWXUQ UHVXOW

GHI BBUPXOBB VHOI RWKHU
‘ UHWXUQ VHOI BBPXOBB RWKHU

" IRWBBUPXOBB BBPOOBBBUPXGERAE QW WR WKH BBPKNOHBBGH DV
" 7TKHUH V QR PDJLF KHUH PHWKRGYV DUH IXQFWLRQV DUH REMHFWV DUH WK

' $GGLWLRQ
" 7TULFNLHU WKDQ PXOWLSOLFDW L RKL WEB/IX®W QW DR Q RIQUMUZRHUHYHU
"'RQ W ZDQW WR ORRS RYHU DOO WKH JHURHV RI HLWKHU DUJXPHQW
" BROXWLRQ LI WKH RWKHU REMHFW LV D VSDUVH YHFWRU FKHDW
’ H UHDFK LQVLGH LW DQG UHO\ RQ GHWDLOV RI LWV LPSOHPHQWDWLRQ

GHI BBDGGBB VHOI RWKHU
$GG VRPHWKLQJ WR D VSDUVH YHFWRU

,QLWLDOL]JH UHVXOW ZLWK DOO QRQ JHUR YDOXHV IURP WKLV YHFWR
UHVXOW 6SDUVHO9HFWRU
UHVXOW YDOXHV XSGDWH VHOI YDOXHYV

| WKH RWKHU REMHFW LV DOVR D VSDUVH YHFWRU DGG QRQ JHUR Y
LI LVLQVWDQFH RWKHU 6SDUVHO9HFWRU
IRUNLQ RWKHU YDOXHV NH\V
UHVXOW>N@ UHVXOW>N@ RWKHU>N@

2WKHUZLVH XVH EUXWH IRUFH
HOVH
IRU L LQ UDQJH OHQ RWKHU
UHVXOW>L@ UHVXOW>L@ RWKHU>L@

UHWXUQ UHVXOW

5LJKW KDQG bDGG GRHVY WKH VDPH WKLQJ DV OHIW KDQG DGG
BBUDGGBB BBDGGBB

LI BBQDPHBB BBPDLQBB
[ 6SDUVHO9HFWRU
[> @

[> @
[> @

SULQW OHQ [ OHQ |

IRULLQ UDQJH OHQ |
SULQW L [>L@

\ 6SDUVH9HFWRU
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\> @
\> @

SULQW [ \ [ \
SULQW \ Vo
SULQW [ \ [ \
SULQW \ Vo

| @

Structured Unit Testing

'UDIW 9HUVLRQ

" 8QLW WHVWLQJ IROORZV D SDWWHUQ
' BHWXS DQG WHDUGRZQ
/RWV Rl VPDOO LQGHSHQGHQW WHVWYV
5HSRUWLQJ
' $JJUHJDWLRQ FRPEL®HVWHWDLEBVWHVR/ IV XLWHY LQWR ODUJHU VXLWHYV
" 6HH D SDWWHUQ EXLOG D IUDPHZRUN
‘ULWH VKDUHG FRGH RQFH
(QFRXUDJH SHRSOH WR ZRUN D FHUWDLQ ZD\
' ,H PDNH LW HDV\ IRU WKHP WR GR WKLQJV ULJKW
' -8QLW LV D WHVWLQJ IUDPHZRUN RULJLQDOO\N ZULWWHQ E\ .HQW %HFN
:LGHO\ DGRSWHG
1RZ LQWHJUDWHG LQWR DOPRVW DOO -DYD ,'(V
' ODGH WHVWLQJ HDV\ HQRXJK WKDW SURJUDPPHUV DEFWXDOO\ VWDUWHG GRI
' :LGHO\ LPLWDWHG
'RUNDOLNHVY DUH DYDLODEOH & 3HUO 1(7 HWF
2QFH \RX NQRZ RQH \RX FDQ HDVLO\ OHDUQ DQG XVH WKH RWKHUV
' :LGHO\ H[WHQGHG
' $6G RQV IRU PHDVXULQJ WHVW H[HFXWLRQ WLPHV UHFRUGLQJ WHVWV WH

' 3\WKRQ V VWDQGDUG XQLW WKHMWMPIRIBHOPH ZRUN LV WKH
' :KDW \RX GR
" LPSRUW XQLWWHVW
'"HULYH D FODVV RU VH YXQDWQWHODY \7HY W &RWVPH
'’ "HILQH RQH PHWKRG IRU HDFK WHVW
1DPH PXVW EHWIQVILWK
' 7DNHV QR DUJXPHQWH®RWKHU WKDQ
SHWXUQV QRWKLQJ
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&DBQLWWHVW PDLQ
" :KDW WKH IUDPHZRUN GRHYV
6HDUFK WKH SURJUDP WR ILQGBGHNVOWXEMODWMH GHULYHG IURP
" 6HH KRZ WKLV ZRUNV LQ D ODWHU OHFWXUH
" 6HDUFK HDFK FODVV WR ILQG PHWKRGYV ZKRMHV@DPHYV EHJIJLQ ZLWK WKH ZRUG
JRU HDFK PHWKRG
" &UHDWH D QHZ LQVWDQFH RI WKH FODVYV
&DOO WKH PHWKRG
5HFRUG SDVV IDLO RU HUURU
" $FWXDOO\ FKHFN WKLQJYVY LQVLGH WHVW PHMMWREGDIVIVLQI PHWKRGV SUR
$OORZV WKH IUDPHZRUN WR GLVWLQJXLVK EHWZHHDDWHWPW OVYHUWLRQV DQ
6LQFH WKH FRGH EHLQJ WHVWHG PLIJKW XVH WKH ODWWHU
&KHFNLQJ PHWKRGV LQFOXGH
" DVVHUWB FRQGLMKIHRFFQN WKDW VRPHWKLQJ LV WUXH QRWH WKH XQGHUVFRUL
" DVVHUW(TXDO OFKHFN WKDW WZR WKLQJVY DUH HTXDO
" DVWHUWI1IRW(TXDOWXHEUHYHUVH RI WKH DERYH

DVVHUWS5DLVHYV H[FHSWLRQ IXQFOXO@BEUWK DUIJXPHQWYV LI SURYLGHG DQG
ULJKW H[FHSWLRQ

IDLO VLJQDO DQ XQFRQGLWLRQDO IDLOXUH

' <RX ZDQW WR WHVW D IXQFWLRQ WKDW FDOFXODWHV D UXQQLQJ VXP R
5HSODFMVE F «@LWR DE DEF «@
" 7HVW FDVHV
(PSW\ OLVW
6LQJOH YDOXH
' JRQJ OLVW ZLWK PL[ Rl SRVLWLYH DQG QHJDWLYH YDOXHV
' +P« ,V LW VXSSRVHG WR
S5HWXUQ D QHZ OLVW"
ORGLI\ LWV DUJXPHQW LQ SODFH DQG UHWXUQ WKDW"
' ORGLI\ LWV DUJXPHIRO'BQG UHWXUQ
<RXU WHVWV FDQ RQO\ HYHU EH DV JRRG DV \RXU XQGHUVWDQGLQJ Rl WKH
‘H OO0 DVVXPH LW V VXSSRVHG WR UHWXUQ D QHZ OLVW
' YJLUVW LPSOHPUHRQQDLVOLIR R PR |

'LPSRUW V\V XQLWWHVW

'GHI UXQQLQJ6XP VHT
f UHVXOW VHT> @
IRU L LQ UDQJH OHQ VHT
UHVXOW DSSHQG UHVXOW>L @ VHT>L@
UHWXUQ UHVXOW

%FODVV 6XP7THVWY XQLWWHVW 7HVW&DVH

GHI WHVW(PSW\ VHOI
VHOI DVVHUW(TXDO UXQQLQJ6XP >@ >@

GHI WHVWG6LQJOH VHOI
VHOI DVVHUW(TXDO UXQQLQJ6XP > @ > @

GHI WHVW'RXEOH VHOI
VHOI DVVHUW(TXDO UXQQLQJ6XP > @ > @

GHI WHVW/RQJ VHOI
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6KRXOG \RX UHDOO\ JR WR WKLY PXFK HIIRUW WR WHVW D VLPSOH
7RRN OHVV WKDQ D PLQXWH WR ZULWH WKH IRXU WHVWYV

8QFRYHUHG RQH JDS LQ WKH UHTXLUHPHQWY DQG RQH HUURU LQ WKH
$EOH WR YHULI\ WKH IL[ DOPRVW LQVWDQWO\

VHOI DVVHUW(TXDO UXQQLQJ6XP >

LI BBQDPHBB BBPDLQBB
| XQLWWHVW PDLQ
F.E.

%ERROR: testLong (__main__.SumTests)

‘Traceback (most recent call last):
. File "running_sum_wrong.py", line 21, in testLong
self.assertEqual(runningSum([-3, 0, 3, -2, 5]), [-3, -3, 0, -2, 3])
File "running_sum_wrong.py", line 6, in runningSum
‘ result.append(resultfi-1] + seq([i])
IndexError: list index out of range

%FAIL: testDouble (__main__.SumTests)

‘Traceback (most recent call last):
- File "running_sum_wrong.py", line 18, in testDouble
self.assertEqual(runningSum([2, 9]), [2, 11])
File "c:\Python23\lib\unittest.py”, line 302, in failUnlessEqual
‘ raise self.failureException, \
AssertionError: [2] = [2, 11]

%Ran 4 tests in 0.000s

iFAILED (failures=1, errors=1)

I1RWLFH WKDW WHVW PHWKRGY GHVHUYH WR KDYH PHDQLQJIXO QDPHV WRR
&DQ \RX VSRW WKH HUURU™
'"HIDXOW RXWSXW JLYHVY WKH VWDFN WUDFH WR KHOS \RX ILQG WKH SUREOH|

<RX FDQ DOVR SURYLGH7AMW&DMH DVEPNR¥ RI PHWKRGV
7THVWY DUH UXQ LQ DQ DUELWUDU\ RUGHU
&ODVVHV VWRUH PHWKRGYV LQ D GLFWLRQDU\ IRU IDVW ORRNXS

OHDQV WKDW WKHUH V QR JXDUDQWHH WKH\ OO EH UXQ LQ WKH RUGHU LQ =

<HW DQRWKHU JRRG UHDVRQ WR PDNH HDFK WHVW LQGHSHQGHQW
" )L WKH PHWKRG DQG UH UXQ WKH WHVWYV

GHI UXQQLQJI6XP VHT
1 UHVXOW VHT> @
IRUL LQ UDQJH OHQ VHT

UHVXOW DSSHQG UHVXOW>L @ VHT>L®@

UHWXUQ UHVXOW

(YHU\WWKLQJ ZRUNV

6RXQGYV SUHWW\ JRRG WR PH«
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" 6HWWLQJ XS D IL[IWXUH FDQ RIWHQ EH PRUH ZRUN WKDQ ZULWLQJ WKH
" &RPSOH[ GDWD VWUXFWXUHY H[WHUQDO ILOHV HWF

", WKH WHVW FODVV GHINV@GNMAM® KPHH WIKCRFGH EROR ZGOO FDOO LW EHIRUH U’
" $QG LI WKHUH V D WHWHREWDOMHGEH UXQ DIWHU HDFK WHVW

" ([DPSOH WHVW ZKHWKHU D IXQFWLRQ FDQ WUDFH ODNH OLNH GHSHQGH
" 6HYHUDO NLQGV RI WHVWV WR UXQ DQG VHYHUDO IL[IWXUHV WR UXQ WKHP R
" 6R FUHDWH DOO WHWSI® QVBXXI\WHY WBHP LQ WKH WHVW PHWKRGYV

$OWHUQDWLYHO\ FUHDWH D VHSDUDWH WHVW FODVV IRU HDFK IL[WXUH
" 'RUWK GRLQJ LI FUHDWLQJ D ILTWXUH WDNHV VR ORQJ WKDW \RX GRQ W ZD((

' FODVV 7THVW'HSHQGV XQLWWHVW 7HVW&DVH

GHI VHW8S VHOI
VHOI | )
VHOI |
VHOI | @
I @ E >@°
I F @ E >D @ F >G @ G >@°

VHOI
VHOI

> > > > >
000
V V. V V

@"
D
E
E

GHI WHVW&DQ5HDFKG6HOI VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI

T Mmoo
Tmoo

GHI WHVW6LQJOH6WHS VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI |
VHOI DVVHUWB GHSHQGV2Q VHOI |
VHOI DVVHUWB GHSHQGV2Q VHOI | F

O 0O
Gmm

GHI WHVW%DFNZDUG VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI | E D

GHI WHVWOXOWLG6WHS VHOI
VHOI DVVHUWB GHSHQGV2Q VHOI | D G
VHOI DVVHUWB GHSHQGV2Q VHOI | E G

GHI WHVWI1IHJDWLYH VHOI
VHOI DVVHUWB QRW GHSHQGV2Q VHOI | D F
VHOI DVVHUWB QRW GHSHQGV2Q VHOI | E D

" 7THVWLQJ WKDW FRGH IDLOV LQ WKH ULJKW ZD\ LV MXVW DV LPSRUWDQV
" 2WKHUZLVH VRPHRQH ZLOO GR VRPHWKLQZRQRMIRWRPHVED\ DQG WKH FRGH
" 7ZR ZD\V WR GR LW
S8VHHVW&DVH DVVHUWRBDHR/HMN WKDW D VSHFLILF IXQFWLRQ UDLVHV D VSHFLI
SVMWUM[FHSWXUVHOI
" +DYH WR GR LW WKLV ZD\ LQ & -DYD DQG PRVW RWKHU VWXUG\ ODQJXDJF
" ([DPSOH WHVWLQJ D IXQFWLRQ WKDW ILQGY DOO YDOXHV LQVLGH D GR
5DLVHD/OXH(UURWKH UDQJH LV HPSW\ RU LI WKH VHW Rl YDOXHV LV HPSW\

'FODVV 7HVW,Q5DQJH XQLWWHVW 7HVW&DVH

GHI WHVWI1IR9DOXHV VHOI
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LQ5DQJH >@
H[FHSW 9DOXH(UURU
SDVV
HOVH
VHOI! IDLO

GHI WHVW%DG5DQJH VHOI
WU\

LQ5DQJH > @
LQ5DQJH > @
H[FHSW 9DOXH(UURU
SDVV

HOVH
VHOI IDLO

,QSXW DQG RXWSXW RIWHQ VHHP KDUG WR WHVW

(I[DPSOH

3XW D EXQFK RI ILTWXUH ILOHVY DQG H[SHFWHG UHVXOWY LQ D WHVWLQJ GLUI
&UHDWH WHPSRUDU\ ILOHV ZKHQ DQG DV WHVWV H[HFXWH"
7KH EHVW DQVZHU LV WR XVH

IDNH , 2 XVLQJ VWULQJV

3\WKREWVULQDQBE6WULQPRGXOHYV FDQ UHDG DQG ZULWH VWULQJV LQVWHDG R
6LPLODU SDFNDJHV H[LVW IRU &
7KLV RQO\ ZRUNV LI WKH

-DYD DQG RWKHU ODQJXDJHYV

IXOQOFWLRQ EHLQJ WHVWHG WDNHYVY VWUHDPYV D
.l WKH IXQFWLRQ RSHQV DQG FORVHV WKH ILOH QR zZD\ IRU \RX WR VXEVWLW
$Q H[DPSOH RI GHVLJQLQJ FRGH WR PDNH LW WHVWDEOH
ILQG OLQHV ZKHUH WZR ILOHV GLIIHU
1RWKLQJ DV GRQFMYWW D OLQH E\ OLQH FRPSDULVRQ
,QSXW WZR VWUHDPV ZKLFKPNLUKQYIZEFDBSHQVIIDOMHRKAQG VWULQJV
2XWSXW DQRWKHU VWUGWBLQJH2 D ILOH RU D
$V D VLGH HIIHFW ZH YH PDGH WKH IXQFWLRQ LWVHOI PRUH XVHIXO
3HRSOH FDQ QRZ XVH LW WR FRPSDUH VWULQJV RU VWULQJV DQG ILOHV

'FODVV 7HVW'LII XQLWWHVW 7HVW&DVH

GHI ZUDS$QG5XQ VHOI OHIW ULJKW H[SHFWHG

OHIW 6WULQJ,2 OHIW

ULJKW 6WULQJ,2 ULJKW

DFWXDO 6WULQJ,2

GLIl OHIW ULJKW DFWXDO
VHOI DVVHUW(TXDO DFWXDO JHWYDOXH H[SHFWHG

GHI WHVW(PSW\ VHOI
VHOI ZUDS$QG5XQ

GHI WHVW/HQJWK\0ODWFK VHOI

VWU D?QE?QF?Q

VHOI ZUDS$QG5XQ VWU VWU

GHI WHVWG6LQJOH/LQHOLVPDWFK VHOI

VHOI ZUDS$QG5XQ D?Q

E?Q 2Q

GHI WHVWOLGGOHOLVPDWFK VHOI
VHOI ZUDS$QG5XQ D?QE?QF?Q D?Q[?QF?Q 2Q
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" 7THVWLQJ FODVVHV LVQ W PXFK GLITHUHQW IURP ZKDW ZH YH DOUHDG\ \
' &UHDWH REMHFWYVY FDOO WKHLU PHWKRGVY FKHFN WKH UHVXOWYV
"% XW KRZ FDQ ZH NHHS WHVWYVY LQGHSHQGHQW"
&DQ W WHVW PHWKRGV XQOHVV ZH FDQ FRQVWUXFW REMHFWYV «
«EXW WKH RQO\ zD\ WR VHH LI REMHFWV KDYH EHHQ FRQVWUXFWHG SURSHUC
" 7KH DQVZHU LV WRYNH}X-CH®HYB®/HNQW DV SRVVLEOH
" 7KH ILUVW WHVWYV \RX ZULWH XVH VLPSOH FRQVWUXFWRUV DQG VLPSOH LQV
2QFH WKRVH SDVV VWDUW ZULWLQJ PRUH FRPSOH[ WHVWYV
7KH\ SUREDEO\ ZRQ W EH H[HFXWHG LQ WKLY RUGHU RQFH WKH\ UH DOO ZUL\
" «EXW WKH\ VWLOO JLYH \RX VRPHZKHUH WR VHW D EUHDNSRLQW ZKHQ VLPSO
" OXFK PRUH LOQWHUHVWLQJ WR WKLQN DERXW KRZ WR XVH REMHFW RULH
&UHDWH RQH FODVV WKDW KDV D ORW RI WHVWYV
'"HULYH RWKHU WHVW FODVVHV WKDW
" &UHDWH VSHFLILF IL[TWXUHV
" 5XQ VSHFLILF WHVWYV
%\ GHIDXOW WKH IUDPHZRUN ZLOO UXQ DOO WKH JHQHULF WHVWYV IRU WKH \

JLIXUH 2EMHFW 2ULHQWHG 7HVWLQJ

" 7KLV RQO\ ZRUNV LI WKH WHVWY LQ WKH EDVH FODVYVY DUH JHQHUDOL]HG
$ OLWWOH PRUH VHWXS ZRUN IRU D ELJ SD\RII
" ([DPSOH ELOOLQJ DSSOLFDWLRQ IRU D VRIWZDUH FRQVXOWLQJ ILUP
" (DFK FRQVXOwWDQW PD\ EH DVVLJQHG WR JHUR RU PRUH SURMHFWYV
" (DFK SURMHFW PD\ KDYH JHUR RU PRUH FRQVXOWDQW FXUUHQWO\ DVVLJQHG
7TKBVVLIQPHQDVY NHHS WUDFN RI ZKR LV FXUUHQWO\ DVVLJQHG WR ZKDW
" 8VH VWULQJV IRU FRQVXOWDQW DQG SURMHFW 'V IRU QRZ
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' &UHDWH D EBWRIP FRQMWRVKROG VKDUHG WHVWV
' "'RQRGHULYH WXQVWWRIKW 7HVW&DVH
' 1 ZH GLG WKH IUDPHZRUN ZRXOG DXWRPDWLFDOO\ WU\ WR UXQ LW«
' «DQG LW V QRW GHVLJQHG WR EH UXQ RQ LWV RZQ
* 7KLV FOD\QRRARHDMWH D IL[WXUH
'’ 7KDW V WKH MRE RI WKH GHULYHG FODVV
' $GG D WHVW
' (DFK WHVW UHFRUGY WKH VWDWH RI WKH IL[WXUH«
' «GRHV VRPHWKLQJ«
' «DQG WKHQ FKHFNV WKDW WKH IL[WXUH LV LQ WKH ULJKW ILQDO VWDWH
' GHPHPEHU WKH IL[WXUH LV UHFUHDWHG IURP VFUDWFK IRU HDFK WHVW

'FODVV &RPPRQ7HVWV REMHFW
1 7THVWV WKDW FDQ EH DSSOLHG WR DOO IL[WXUHV

GHI WHVW$GG1HZ VHOI
&KHFN WKDW DGGLQJ D VLQJOH QHZ DVVLIJIQPHQW ZRUNYV

SULRU&RQVXOWDQWY VHOI ILIWXUH JHW&RQVXOWDQWYV
SULRU3BURMHFWY VHOI ILIWXUH JHW3URMHFWYV

VHOI ILITWXUH DGG$VVLIQPHQW $0DQ WDEOHYV

VHO!I DVVHUW(TXDO VHOI ILIWXUH JHW%\&RQVXOWDQW $0DQ
6HW > WDEOHV @

VHOI DVVHUW (TXDO VHOI IL[WXUH JHW%\3URMHFW WDEOHYV
6HW > $0DQ @

VHOI DVVHUW (TXDO VHOI IL[WXUH JHW&RQVXOWDQWYV
6HW > $ODQ @ _ SULRU&RQVXOWDQWYV

VHOI DVVHUW (TXDO VHOI IL[WXUH JHW3URMHFWYV
6HW > WDEOHV @ _ SULRU3URMHFWYV

" 'HULYH DQRWKHU F&PRFFRIQRBVBFEONKWWHVW 7THVW&DVH

" 7KH IRUPHU HQVXUHY WKDW LW LQKHULWY DOO WKH FRPPRQ WHVW FDVHYV

" 7TKH ODWWHU HQVXUHYV WKDW WKH IUDPHZRUN ZLOO ILQG LW DQG NQRZ KR.
" 7KLV FODVV FUHDWHYV D ILIWXUH DQG DGGV D IHZ IL[IWXUH VSHFLILF WHVWYV

'FODVV 7THVW(PSW\ XQLWWHVW 7HVW&DVH &RPPRQ7HVWYV
1 7THVW DQ HPSW\ DVVLIQPHQW WDEOH

GHI VHW8S VHOI
&UHDWH WKH HPSW\ DVVLJQPHQW WDEOH
VHOI IL[WXUH $VVLIQPHQW

GHI WHVW1IR&RQVXOWDQWY VHOI
ODNH VXUH WKDW QRQH[LVWHQW FRQVXOWDQWY DUHQ W SUHVHQW
VHOI DVVHUW(TXDO VHOI ILITWXUH JHW%\&RQVXOWDQW QRERG\ 6H

GHI WHVW1R3URMHFWY VHOI
ODNH VXUH WKDW QRQH[LVWHQW SURMHFWY DUHQ W SUHVHQW
VHOI DVVHUW(TXDO VHOI ILIWXUH JHW%\3URMHFW QRWKLQJ 6HW

' 5XQ LW

' YUDPHZRUN HIVO\G? S W\

' *RHV WKURXJK WKH WHVW F\FOH WH VWV NWAWRXE W KR GD IQIB®RIFGARZ@7 HRW \H D F K
' 1RZ DGG DQRWKHU ¥RBBRQ7WMMWW WR

GHI WHVW$GG'HO1HZ VHOI
&KHFN WKDW DGGLQJ DQG WKHQ UHPRYLQJ DQ DVVLJQPHQW
OHDYHV WKLQJV DV WKH\ ZHUH

SULRU&RQVXOWDQWY VHOI ILIWXUH JHW&RQVXOWDQWYV
SULRU3BURMHFWY VHOI ILIWXUH JHW3URMHFWYV
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VHOI ILITWXUH DGG$VVLIQPHQW $0DQ WDEOHYV
VHOI ILTWXUH GHO$VVLIQPHQW $0DQ WDEOHYV

VHOI DVVHUW(TXDO VHOI ILITWXUH JHW&RQVXOWDQWYV SULRU&RQVX
VHOI DVVHUW(TXDO VHOI IL[TWXUH JHW3URMHFWYV SULRU3URMHFWYV

$QG RU GHULYH DQRWKHU WHVW FODVV

'FODVV 7THVWOXOWL XQLWWHVW 7HVW&DVH &RPPRQ7HVWYV
‘ 6HW XS FRPPRQ WHVWYV ZLWK PXOWLSOH DVVLIQPHQWY DOUHDG\ SUH

GHI VHW8S VHOI
VHOI IL[WXUH $VVLIQPHQW
VHOI IL[TWXUH DGG$VVLIQPHQW %KDUJDQ GLVKHYV
VHOI IL[WXUH DGG$VVLIQPHQW +DUDOG GLVKHYV
VHOI IL[WXUH DGG$VVLIQPHQW +DUDOG IORRUYV
VHOI IL[TWXUH DGG$VVLIQPHQW 5DFKHO IORRUYV
VHOI IL[TWXUH DGG$VVLIQPHQW 5DFKHO FRXQWHUV
VHOI IL[TWXUH DGG$VVLIQPHQW 6DOO\ FRXQWHUV

OXOWLSOLFDWLYH HIIHFW FRPPRQ WHVWV 1 GHULYHG FODVVHYV VSHFLILF )

LWWHVW GULYHQ GHY HRXSPHIOVWH \RXU WHVWV WKHQ ZULWH WKH FRGH

$ NH\ HOHPHQW RI DJLOH GHYHORSPHQW PHWKRGRORJLHYVY OLNH H;WUHPH 3U
«EXW LW ZDV DURXQG ORQJ EHIRUH WKH\ ZHUH«
«DQG SD\V RIl LQ DOPRVW HYHU\ FRQWH[W

" 6HHPV EDFNZDUG EXW KDV YHU\ UHDO DGYDQWDJHV

*LYHV SURJUDPPHUV D GHILQLWH JRDO

' &RGLQJ LV ILQLVKHG ZKHQ DOO WHVWV UXQ

' 3DUWLFXODUO\ XVHIXO ZKHQ WU\LQJ WR IL[ EXJV LQ ROG FRGH DV LW IRUF
'’ +HOSV SUHYHQW WKH 3RQH PRUH IHDWXUH  VI\QGURPH

(QVXUHV WKDW WHVWYV DFWXDOO\ JHW ZULWWHQ

'’ 3HRSOH DUH RIWHQ WRR WLUHG RU WRR UXVKHG WR WHVW DIWHU FRGLQJ
+HOSV FODULI\ WKH $3, EHIRUH LW LV VHW LQ VWRQH

" | VRPHWKLQJ LV DZNZDUG WR WHVW LW FDQ EH UHGHVLJQHG EHIRUH LW V
$ JUHDW ZD\ WR FRPPXQLFDWH UHTXLUHPHQWYV

', ZULWH WKH WHVWYV

' 3$00° \RX KDYH WR GR LV ZULWH FRGH WKDW SDVVHV WKRVH WHVWYV

" ([DPSOH , ZDQW \RX WR ZULWH D IXQFWLRQ WKDW

$ VLQJOH UHFWDQJOH UHSUHYVHQMHHFGIDAN LMY LI Q ¥V WWB @FH )RR HF@\B V V

$QG D OLVW RI UHFWDQJOHV HHDFWD B AWR/ D/H ERY & DR N FRHQ W

$QG UHWXXKIWKH UHFWDQJOHV LQ WKH OLVW FRP BSDOWIHH @\KFHR YGHRO WK H LUV \
%HVW ZD\ IRU PH WR VSHFLI\ HYHU\WKLQJ , ZDQW LV WR ZULWH VRPH WHVW I

'FODVV 7THVW2YHUOD\ XQLWWHVW 7HVW&DVH

GHI WHVWI1IR5HFWYV VHOI
VHOIl DVVHUWB QRW RYHUOD\ 5HFW >@

GHI WHVW:LWK6HOI VHOI
U SHFW
VHOIl DVVHUWB RYHUOD\ U >U@

GHI WHVW+DOI2QO\ VHOI
VHOI DVVHUWB QRW RYHUOD\ 5HFW
S5EHFW @
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L GHI WHVW7ZR+DOYHV VHOI
3 VHOI DVVHUWB RYHUOD\ 5HFW

Exercise 13.1:

3\WKRQ KDV DQRWKHU XQLWGWRHR WM @I VHPW¥®H W DIOOCHGIRU VHFWLRQV RI WH[W \
VHVVLRQV WKHQ UH H[HFXWHV WKRVH VHFWLRQV DQG FKHFNV WKH UHVXOWV $
'GHI DYH YDOXHV

&DOFXODWH DQ DYHUDJH YDOXH RU LI

YDOXHV LV HPSW\
M DYH >@

NI DYH > @

"Mt DYH > @

VXP

IRU Y LQ YDOXHV
VXP Y

UHWXUQ VXP |IORDW PD] OHQ YDOXHYV

LI BBQDPHBB BBPDLQBB
‘ LPSRUW GRFWHVW
GRFWHVW WHVWPRG

&RQYHUW D KDQGIXO RI WKH WHVWYV \RX KDYH ZULWVGHRE WRHYRR VREKHYJUHXH YV VW MR Q¥ ¥
XQLWWHMXW RU ZK\ QRW" 'RGREKWHRIMOMNY LW HDVLHU WR WHVW VPDOO SUREOHPV"
WR ZULWH VRPHWKLQJ VLPLODU IRU & -DYD )RUWUDQ RU ODWKHPDWLFD"

WRS

Automated Builds

'UDIW 9HUVLRQ

ORVW SURJUDPPLQJ ODQJXDJHV UHTXLUH \RX WR FRPSLOH SURJUDPV EI

(J WXUQ & VRXUFH ILOHVY REWHRFPDFKQRYWY VSHFLILF
" 'KLFK XVXDOORHKDNWHOQNLRQ

,W V HDV\ HQRXJKY WEROMUSHRFWHH U O D SMIX V WFURQHUODS F
%XW ZKDW LI \RX KDYH PDQ\ VRXUFH ILOHV"

' FF FLV VORZ DQG LQHIILFLHQW LI RQO\ RQH RI \RXU
'RUVH ZKDW LI VRPH ILOHV UHO\ RQ RWKHUV"

' 6XSSRVH WKHR FRGODSYHV FRGHFMWDQJIOH F

, \RX FKDQJH ERWK EXRYRQODBHRRXRPGLEHXVLQJ RXW Rl GDWH UHFWDQJOHYV

VRXUFH ILOHV KDV F
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utomate, Automate, Automate

' SHPHPEHU UXOH DQ\WKLQJ ZRUWK UHSHDWLQJ LV ZRUWK DXWRPDWL
' &RPSXWHUV DUH JRRG DW GHWDLOV DQG GRQ W JHW ERUHG VR KDYH WKHP
' 'H QHHG

$ ZD\ WR GHVFULEH WKH WDVNV ZKDW WKLQJV WR GR
$ ZzD\ WR VSHFLI\ WKH GHSHQGHQFLHVY EHWZHHQ WKHP ZKHQ WR GR WKLQJ'
" ORVW ZLGHO\ XVHG WRRONRU WKLV LV FDOOHG
" ,QYHQWHG LQ E\ 6WXDUW DHOEGEPDROW %HOO /DEV >
" 7KH JRRG QHZV LV WKDW ODNH ZLOO
JLIXUH RXW ZKDW KDV FKDQJHG
" 'RUN RXW ZKDW LV DIIHFWHG E\ WKRVH FKDQJHV
" ([HFXWH FRPPDQGV WR EULQJ WKLQJV XS WR GDWH H J E\ UHFRPSLOLQJ
&RPPDQGY DUH KDQGHG WR WKH VKHOO IRU HIHFXWLRQ VR WKH\ UH WKH V
" 7KH EDG QHZV LV ODNH V VI\QWD]
" ,QLWLDOO\ YHU\ VLPSOH EXW KDV JURZQ PRUH FRPSOH[ RYHU WLPH
" +DV WXUQHG LQWR D OLWWOH SURJUDPPLQJ ODQJXDJH LQ LWV RZQ ULJKW U
'H ZLOO LJQRUH WKH FRPSOH[ ELWV IRU QRZ DQG WDNH D OFRRNDW B E)RRW WO
DQG 6LGHZD\V

' ODNH GRHVQ W FDUH ZKDW ODQJXDJH \RX XVH
' ,Q IDFW LW GRHVQ W HYHQ FDUH LI \RX UH XVLQJ LW WR UHFRPSLOH W
2IWHQ XVHG WR UXQ WHVWV NHHS ZHE VLWHV XS WR GDWH HWF
'’ $Q\ WDVN ZKHUH RQH DFWLRQ GHSHQGV RQ RWKHUV LV D JRRG FDQGLGDWH
’5XQQLQJFHDPSOH 6DNXUD 6\QWKHVLV LV VWXG\LQJ RUJDQLF IXOOHUH
$XWRPDWHG ODERUDWRU\ HTXLSPHQW UXQV H[SHULPHQWV LQ EDWFKHV WR F
&RQFHQWUDWLRQ
<LHOG

7LPH
&RQFHQWUDWLRQ
<LHOG

7LPH
"&RQFHQWUDWLRQ
' (DFK H[SHULPHQW SURGXFHV ILOHV
0D\ HYHQWXDOO\ KDYH VHYHUDO WKRXVDQG RI WKHP
:DQW WR
*HQHUDWH VXPPDU\ ILOHV VKRZLQJ WKH UHVXOWYV IRU SDUWLFXODU WULDO
' 8SGDWH D ILOH VKRZLQJ WKH FRUUHODWLRQ EHWZHHQ FRQFHQWUDWLRQYV |

" 6XSSRVH ZH DOUHDG\ KDYHSD V% FR YWEBKFD WDOWIRG®& PDWYV GDWD DV D WDEO
S8VHERPPD VHSDUDWHG NMOWWHW WOEOH
" 3XW WKH IROORZLQIKIHDVOR PNLOH FDOOHG

K\GUR[\OB FVY KV\GURI[\OB GDW
S\WKRQ GDW FVY S\ K\GUR[\OB GDW ! K\GURI[\OB FVY
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1RWH WKDW PQREEAQWMWDIERBRBKDUDFWHU QRW HLJKW VSDFHV RU D PL[ RI VSD
<HDK LW V D ZDUW EXW ZH UH VWXFN ZLWK LW
" 6RPH WHUPLQRORJ\

J)LIXUH 6WUXFWXUH RI D ODNH 5XOH

" K\GUR[\OB AWY WWOHUR H WLKXHO H
K\GUR[\OB GAVWSWMUHTXLVLWH
" :H OO VHH LQ D PRPHQW WKDW D WDUJHW PD\ KDYH PDQ\ SUHUHTXLVLWHV
7KH FRPSLODWLRQ FRPEFOWAIRY WKH UXOH V

$ UXOH PD\ DOVR KDYH PDQ\ DFWLRQV
' SX®DNH | KHOOR PN

ODNH VHHY WKDW WKH &69 ILOH GHSHQGY RQ WKH GDWD ILOH

" 6LQFH WKH &69 ILOH GRHVQ W H[LVW ODNH HEDAXWMY B\KH UXOH V DFWLRQ

" 5X®DNH | KHOORJ®DN Q

K\GUR[\OB AWYQHZHU WKDQ LWV SUHUHQRNMVHMKHVHVER WKH DFWLRQ LV

" 9HU\ IHZ SURJUDPV FRQVLVW RI D VLQJOH ILOH
" 7KLV ODNHILOH GHVFULEHV WZR ILOHV WKDW DUH LQGHSHQGHQW RI RQH DQF

'K\GUR[\OB FVY K\GUR[\OB GDW
1 S\WKRQ GDW FVY S\ K\GUR[\OB GDW ! K\GUR[\OB FVY

%PHWK\OB FVY PHWK\OB GDW
S\WKRQ GDW FVY S\ PHWK\OB GDW ! PHWK\OB FVY

" CKHQ \RXRDXNH | GRXEOHRRRGUR[\OB AWYFRPSLOHG

7KH ILUVW WDUJHW L QGW KCHX QDWW IDLOHH W WK H
8QOHVV \RX WHOO LW RWKHUZLVH WKDW V DOO ODNH ZLOO XSGDWH

" 5X®DNH | GRXEOH PN PHWK\O\BR ERH®/&\OB FVY

" 2EYLRXVO\ GRQ W ZDQW WR KDYH WR UXQ ODNH VHSDUDWHO\ IRU HDFK
7TKDW ZRXOG KDUGO\ FRXQW DV SDXWRPDWLRQ’

Created by Prince (www.princexml.com)



" 6ROXWLRQ SKUWRHD WWY B D MWV

'HSHQGY RQ DOO WKH WKLQJV \RX ZDQW WR UHFRPSLOH EXW
'RHVQ W FRUUHVSRQG WR DQ\ ILOHVY DQG VR LV QHYHU XS WR GDWH
" ODNLQJ LW WKHUHIRUH DOZD\V H[HFXWHV LWV DFWLRQV

'DOO K\GURJ[\OB FVY PHWK\OB FVY

K\GUR[\OB FVY K\GUR[\OB GDW
1 S\WKRQ GDW FVY S\ K\GUR[\OB GDW ! K\GUR[\OB FVY

%PHWK\OB FVY PHWK\OB GDW
3 S\WKRQ GDW FVY S\ PHWK\OB GDW ! PHWK\OB FVY

" 1RZPDNH | SKRQ\ PNUBI® OH D W HV YELROMRK/

7\SLFDO SKRQ\ WDUJHWV LQ D VRIWZDUH SURMHFW

DOO UHFRPSLOH HYHU\WKLQJ

FOHDQGHOHWH DOO WHPSRUDU\ ILOHV DQG HYHU\WKLQJ SURGXFHG E\ FRPS
' LQVWDOBRS\ ILOHV WR V\VWHP GLUHFWRULHV

0DQ\ RSHQ VRXUFH SURMHFW V PIDINHDL@QG WRBI® @ HLG) ¥ WY OOL Q J

ODNH GHDOLOMRPDWLFWR WHHOHWWHQW SDUWYV RI UXOHV
" 7TKHVH YDULDEOHY DUH DXWRPDWLFDOO\ UHGHILQHG IRU HDFK UXOH
" 1DPHV DUH XQIRUWXQDWHO\ YHU\ FU\SWLF
.HHS D UHIHUHQFH FDUG KDQG\
# 7TKH UXOH V WDUJHW
7KH UXOH V ILUVW SUHUHTXLVLWH
$00 RI WKH UXOH V RXW RI GDWH SUHUHTXLVLWHV
A $00 SUHUHTXLVLWHV

7DEOH $XWRPDWLF 9DULDEOHV LQ ODNH
([DPSOH
‘DOO K\GUR[\OB | FVY PHWK\OB | FVY
K\GUR[\OB FVY K\GUR[\OB GDW
| S\WKRQ GDW FVY S\ | #
PHWK\OB FVY PHWK\OB GDW
S S\WHKRQ GDW FVY S\

1RWH E\ GHIDXOW ODNH HFKRHV DFWLRQV EHIRUH H[HFXWLQJ WKHP
IXWW#H @QW WKH VWDUW RI WKH DFWLRQ OLQH SUHYHQWYV WKLV

ORVW ILOHV RI VLPLODU W\SH -DYD & HWF DUH FRPSLOHG WKH VDP
5X0OH DJDLQS XWWW N @HFXOHQJ ZKDW WR GR LQ WKH JHQHUDO FDVH

8VH WKH ZLOGHDUEBSUHVHQW WKH VWHP RI WKH ILOH V QDPH LQ WKH W
OXVW XVH DXWRPDWLF YDULDEOHY LQ WKH DFWLRQV
" 7KLV LV ZK\ WKH\ ZHUH LQYHQWHG

'DOO K\GURJ[\OB FVY PHWK\OB FVY

FVY GDW
S\WKRQ GDW FVY S\ I #
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1RWLFH WKDW WKHUH V DQRWKHU SKRQ\ WDUJHW LQ WKLY ODNHILOH

PDNH | UXOH PN ZOBDQHW ULG RI bOO WKH JHQHUDWHG ILOHYV

7KHI IODJ VWDQGYV IRU 3IRUFH"
" THOLRQRW WR UHSRUW DQ HUURU ZKHQ WU\LQJ WR GHOHWH ILOHV WKDW GR

1H[W VWHS FUHDWH DQ RYHUDOO VXPPDU\ IRU HDFK WUHDWPHQW
(J FRPHKAQHRI[\OB A/QB\GUR[\OB VR FUABWR[\OBDOO FQ VLPLODUO\ IR

PHWK\O ILOWXPXIVWIQIH S\
K\GUR[\OBB®RWOWW EH UHZULWWHQ LI KMWVGUR[RMBE HURMBKREQ RHLWBEKHUFVY
'KLFK PXVW LQ WXUQ EH UHZULWWHQ LI WKHGDW.QH¥YHU WKDQ WKHLU FRUUH

,Q WKLV FDVH DOVR PDNH WHEKH RIHWLY EDV\G B W SFHWQYG SR Q
", WKH SURJUDPV FKDQJH WKHUH V D JRRG FKDQFH WKH GDWD ILOH IRUPDW

" 2U D EXJ KDV EHHQ IRXQG DQG IL[HG
8SGDWHG ODNHILOH DQG LWV RXWSXW ZKHQ QR &69 ILOHV H[LVW DUH

'DOO K\GUR[\OBDOO FVY PHWK\OBDOO FVY

BDOO FVY B FVY B FVY VXPPDUL]H S\
S\WKRQ VXPPDUL]H S\ A ! #

FVY GDW GDW FVY S\
S\WKRQ GDW FVY S\ I #

"FOHDQ
3 #UP | FVY
‘python dat2csv.py hydroxyl_422.dat > hydroxyl 422.csv

‘python dat2csv.py hydroxyl_480.dat > hydroxyl _480.csv

‘python summarize.py hydroxyl_422.csv hydroxyl_480.csv > hydroxyl_all.csv
‘python dat2csv.py methyl_422.dat > methyl _422.csv

‘python dat2csv.py methyl_480.dat > methyl _480.csv

‘python summarize.py methyl_422.csv methyl_480.csv > methyl_all.csv

‘rm hydroxyl_480.csv methyl_422.csv hydroxyl_422.csv methyl_480.csv

" 1RWLFH WKDW ODNH DXWRPDWLFDOO\ UHPRYHVY LQWHUPHGLDWH ILOHVY DW W|

2IWHQ YLVXDOL]H GHSHQBHAWHAIGHYUDS KD
'"HSHQGHQFLHV FDQ KDYH GHSHQGHQFLHV DQG VR RQ
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JLIXUH 9LVXDOL]LQJ 'HSHQGHQFLHV

" ODUN DOO WKH ILOHVY WKDW DUH RXW RI GDWH DQG IROORZ DUURZV WR ILQC
1RWH ODNH FDQ H[HFXWH DFWLRQV LQ DQ\ RUGHU LW ZDQWV WR DV ORQJ D
I1RWLFH WKDBDWRHFW®OYOHY SUHFHGHQFHFRYHU WKH UXOH
ODNH XVHV WKH PRVW VSHFLILF UXOH DYDLODEOH

2IWHQ ZDQW WR GHILQH YDOXHYV LQVLGH D ODNHILOH
(J WKH GLUHFWRU\ SURJUDPV DUH WR VHQG WKHLU RXWSXW WR
2U RSWLPL]DWLRQ IODJV IRU D FRPSLOHU
'RQRAZODQW WR VHW WKHVH RSWLRQV RYHU DQG RYHU DJDLQ
" 5XOH DO\WKLQJ UHSHDWHG LQ WZR RU PRUH SODFHYVY ZLOO HYHQWXDOO\ E
6ROXWLRQ GHILQH YDULBERWHRYV XVXDOO\ FDOOHG
(J VSHFLI\ WKH GLUHFWRU\ ZKHUH WKH ODE PDFKLQH SXWV GDWD ILOHV

,1387B",5 ODE JDPPD
%DOO K\GUR[\OBDOO FVY PHWK\OBDOO FVY

BDOO FVY B FVY B FVY
S\WKRQ VXPPDUL]H S\ Al #

FVY ~,1387B',5° GDW
S\WKRQ GDW FVY S\ I #

'"HILQH E\ VSHFLI\LQJ QDPH DQG YDOXH
7R JHW YDOXHLOXWRRW R|DQGSDQBE@WKHVHY RU EUDFHV DURXQG LW
'LWKRXW WKH SDUHQWKHVHYVY<=0DNHWKID Y DRQXHBSUWHKIR YORZBEEY WKK=FKD
' <HV LW V XJO\
6RPHWLPHYV XVHIXO WR SDVV YDOXHV LQWR ODNH ZKHQ LQYRNLQJ LW
(J FKDQJH WKH LQSXW GLUHFWRU\
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" 5 DWKHU WKDQ UHZULWLQJ WKH ODNHIQDPMHHYF8&BWUR HR Q R KHD RRWP P HDRLG \ (
'"HILQH D PDFUR ZLWK WKH GHIDXOW YDOXH
2YHUULGH LW ZKHQ \RX ZDQW WR
" B6R
" PDNH | PDFURHWPWI\387B',WRODE JDPPD

%XRDNH ,1387B',5 ROGFUDQN\PDFKLQHXVIRRBDGRWPINQN\PDFKLQH

' ODNH DOVR ORRNV DW HQYLURQPHQW YDULDEOHYV
<RX FDQ UMHRO(WR D ODNHILOH ZLWKRXW KDYLQJ GHILQHG LW
' (IDPSOH

9§/ RULJLQDO
HFKR

 #HFKR 9$/ LV 9§/
'$ make -f env

' 3UR
' 6LPSOH WKLQJV DUH VLPSOH WR GR«
«DQG QRW WRR GLIILFXOW WR UHDG «
«HVSHFLDOO\ FRPSDUHG WR WKH DOWHUQDWLYHYV
' &RQ
' 7KH VAQWD[ LV XQSOHDVDQW
'’ &RPSOH[ WKLQJV DUH GLIILFXOW WR UHDG«
«DQG HYHQ PRUH GLIILFXOW WR GHEXJ
' %HVW \RX FDQHGERWR SVHQW WKLQJV DV ODNH H[HFXWHV
1RW UHDOO\ YHU\ SRUWDEOH
+DQGV FRPPDQGV WR WKH VKHOO IRU H[HFXWLRQ
' %XW FRPPDQGV XVH GLIIHUHQW IODJV RQ GLIIHUHQW RSHUDWLQJ V\VWHPV
' "R \RX XG/MHIB WPWR GHOHWH ILOHV"
" $SOWHUQDWLYHV
T $QW
SULPDULO\ IRU -DYD
/HVV SODWIRUP GHSHQGHQW«
«EXW MXVW DV KDUG WR UHDG DQG GHEXJ
" QWHJUDWHG GHYHORSPHQW HQYLURQPHQWYV
ORVW DUH SURSULHWDU\ DQG SODWIRUP VSHFLILF
6&RQV
*LYH XVHUV D OLEUDU\ WR PDQDJH GHSHQGHQFLHYV DQG DFWLRQV
' 30DNHILOH" LV DFWXDOO\ D VPDOO SURJUDP
ORUH SRZHUIXO DQG GHEXJJDEOH EXW VWHHSHU OHDUQLQJ FXUYH
' 2QFH EXLOGV DUH DXWRPDWHG WKH QH[W VWHS LV WR UXQ WKHP FRQ\
(YHU\ WLPH VRPHRQH FKHFNV VRPHWKLQJ LQWR YHUVLRQ FRQWURO UHEXLO
* &UXLVHE&RQMQER.WWH@O ERWK KDQGOH WKH GHWDLOV

Exercise 14.1:

+RZ FDQ \RX VWRS ODNH IURP UHPRYLQJ LQWHUPHGLDWH ILOHVY DXWRPDWLFDOO
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Exercise 14.2:

ODNH JHWV GHILQLWLRQV IURP HQYLURQPHQW YDULDEOHYVY FRPPDQG OLQH SDUI
GRHV LW FKHFN WKHVH LQ"

WRS

Coding Style and Reading Code

'UDIW 9HUVLRQ

" *RRG SURJUDPPLQJ VW\OH LV YHU\ KDUG WR WHDFK
$00 WKH 3UXOHV" DUH HLWKHU EDQDO RU RYHUO\ UHVWULFWLYH
6D\LQJ :0DNH PHWKRGV VKRUW EXW QRW WRR VKRUW”™ GRHVQ W UHDOO\ K|
IHLWKHU GRHV VD\LQJ 31R PHWKRG VKDOO EH ORQJHU WKDQ VL[W\ OLQHV~

" ODWWHUV DUHQ W KHOSHG E\ WKH IDFW WKDW WKH VWUHQJWK RI SURJUDPPF
WKH\ KDYH

" % XW JRRG VW\OH LV WUHPHQGRXVO\ LPSRUWDQW
‘HOO ZULWWHQ FRGH LV OHVV OLNHO\ WR FRQWDLQ HUURUYV
$QG LV PXFK HDVLHU WR PDLQWDLQ
" 5DWKHU WKDQ WHDFKLQJ \RX KRZ WR ZULWH ZHIKRBRGHKLY OHFWXUH ZLO
+RZ WR ILIJIXUH RXW KRZ WKH FRGH ZRUNYV
+RZ WR ILQG ZKDW \RX QHHG WR NQRZ EHIRUH PDNLQJ D FKDQJH
" +RSH WKDW \RX OO SLFN XS LGHDV DERXW JRRG VW\OH DORQJ WKH ZD\
" )RU D FRPSUHKHQVLYH JXLGH WR KRZ RSHQ VRXUFH 8QL[ DS68SLEGEBWQRY
@

" 3BHRSOH GRLQJ FUHDWLYH ZRUN LQ DOPRVW HYHU\ ILHOG URXWLQHO\ L ¢
' :RXOG \RX KLUH DQ DUFKLWHFW ZKR G QHYHU ORRNHG DW DQ\RQH HOVH V EX
' 3URJUDPPLQJ LV D VDG H[FHSWLRQ
ORVW VWXGHQWY RQO\ HYHU UHDG RQH RU WZR SDJH IUDJPHQWYV LQ WH[WEF
/LNH UHDGLQJ VRQQHWY WKHQ EHLQJ DVNHG WR ZULWH D QRYHO
" 2SHQ VRXUFH KDV PDGH PLOOLRQV RI OLQHV RI FRGH DYDLODEOH IRU L
' 6RPH JRRG VRPH EDG PRVW DYHUDJH
' .QRZLQJ KRZ WR UHDG FRGH LV DV XVHIXO DV NQRZLQJ KRZ WR UHDG D
/HDUQ E\ H[DPSOH KRZ WR DFFRPSOLVK VSHELILF WKLQJV
' JLJXUH RXW KRZ WR PDNH FKDQJHV LQ D SDUWLFXODU SURJUDP
' JLIXUH RXW KRZ WR XVH WKH SURJUDP
&RGH LQVSBEWIHRYHQWLDO IRU DFKLHYLQJ DQG PDLQWDLQLQJ TXDOLW\

" .QRZQ VLQFH WKH V WKDW KXPDQ VKRUW WHREINPHIPRU\ FDQ KROG O
6HYHQ UDQGRP GLJLWV DV LQ SKRQH QXPEHUYV
6HYHQ WDVNV WKDW VWLOO KDYH WR EH GRQH
" 1RWH WKLV LV MXVW DQ DYHUDJH
" 6RPH SURGLJLHYVY FDQ UHPHPEHU WKRXVDQGV RI SLHFHV RI LQIRUPDWLRQ IF
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", ZH wUu\ WR UHPHPEHU PRUH WKDQ WKDW ZH HLWKHU
" ODNH PLVWDNHV RU
" GUHIPWMHMOWR/ WKDW ZH FDQ UHPHPEHU WKLQJY DW D KLIJKHU OHYHO
" OXVLFLDQV GRQ W UHPHPEHU LQGLYLGXDO FKRUGY WKH\ UHPHPEHU ,9 9 , ¢S
" &KHVV SOD\HUV UHPHPEHU 3FDVWOHG NLQJVLGH™ UDWKHU WKDQ WKH SRVL

J)LIXUH &KXQNLQJ LQ 6KRUW 7HUP OHPRU\

" X2KDVH 6LPR® VWXGLHG ZKDW KDSSHQHG ZKHQ QRYLFH DQG PDVWHU FKHVV
SRVLWLRQV

' ODVWHUV QDWXUDOO\ UHPHPEHU DFWXDO SRVLWLRQV EHWWHU
" % XW WKH\ UHPHPEHU UDRQGRP SRVLWLRQV
" 7KH\ UH 3VHHLQJ" SDWWHUQV WKDW DUHQ W WKHUH
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J)LIXUH S5 HWHQWLRQ RI

J)LIXUH $FWXDO &KHVV 3RVLWLRQ

YLIXUH SHWHQWLRQ RI 5

JLIXUH 5DQGRP &KHVV 3RVLWLRQ

" :KDW GRHV WKLV KDYH WR GR ZLWK SURJUDPPLQJ"
'KHQ \RX DUH UHDGLQJ DQG ZULWLQJ FRGH \RX KDYH WR NHHS D EXQFK RI IIL
"KDW LV WKLV IXQFWLRQ VXSSRVHG WR UHWXUQ"
:KDW SDUDPHWHUV GRHV LW KDYH DQG ZKDW GR WKH\ PHDQ"
" :KDW GRHV WKLV ORRS V LQGH[ UHIHU WR"
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(WF

7KH PRUH RGGY DQG HQGV \RX UHTXLUH UHDGHUV LQFOXGLQJ \RXUVHOI WR

)XQGDPHQWDO UXOH RI JRRG SURJUDPPLQJ VW\OH LV WKHUHIRUH WR OLPLY\

I1RWH WKDW D KXQGUHG RQH OLQH PHWKRGV LV QRW DQ LPSURYHPHQW RYHU
"$ UHODWHG UXOH WKH JUHDWHU WKH GLIITHUHQFH WKH PRUH OLNHO\ Z
6R HYHU\ GLITHUHQFH LQ QDPLQJ DQG OD\RXW RXJKW WR PHDQ VRPHWKLQJ«
«EHFDXVH UHDGHUV EUDLQV ZLOO DVVXPH WKDW LW GRHYV

&RQYHUVHO\ HYHU\ VLIJQLILFDQW GLIIHUHQFH RXJKW WR EH YLVXDOO\ GLVW

YLOO LQ FLWDWLRQV

%GHI ELE5S5HI URRW ELE2XWSXW ELE,QIR

FLWHV URRW JHW(OHPHQWV%\7DJ1DPH FLWH
IRU FLWH LQ FLWHYV
UHI VWU FLWH JHW$SWWULEXWH UHI
LI QRW UHI RU UHI QRW LQ ELE,QIR
SULQW &DQQRW VDWLVI\ V UHI
DVVHUW )DOVH
FLWH VHW$SWWULEXWH GLVSOD\ ELE,QIR>UHI@
FLWH VHWS$SWWULEXWH KUHI vV Vv ELE2XWSXW UHI

)LUVW TXHVWLRQ ZKDW V WKH FRQWH[W"
,Q WKLV FDVH LW V SDUW RI D SURJUDP WR ILOO LQ FLWDWLRQV

FLWH UHI FDVWUR EHFRPHVYWH GLVSOD\ &DVWUR KUHI ELE KWPO FDVW

UHI FDVWUR [PO !

:D\V WR DQVZHU WKH TXHVWLRQ
*XHVV EDVHG RQ IXQFWLRQ QDPH

SVVXEHESMWDQGV IRU SELEOLRJUDSKLF UHIHUHQFH’
%XW LW LVQ W D SDUWLFXODUO\ LQIRUPDWLYH QDPH

5HDG HPEHGGHG GRFXPHQWDWLRQ VXFK DV FRPPHQWYV

3)LOO LQ FLWDWLRQV ELEPHRIUH KHOSIXO WKDQ
BWLOO GRHVQ WRWWOER XW SKEWE , Q IRU H
2U ZKDW VLGH HIIHFWV LI DQ\ WKLV IXQFWLRQ KDV

5HDG WKH IXQFWLRQ ERG\

JRU HDFK FLWDW IERRBGMHOHPHQW LQ

«JHW WKH YDOXH RIUWBM WO HE X\ W«V

«PDNH VXUHELR, WIBQUHVXPDEO\ D GLFWLRQDU\ «

«VHW WKH FGMWSB\WDRGWHDWWULEXWHYV

+P«WKDW PEHEQXWS®XWW EH WKH QDPH RI WKH RXWSXW ILOH

1RWLFH KRZ WKH H[SODQDWLRQ FUHDWHY ODUJHU FKXQNV IURP UDZV OLQH

&RQVXOW H[WHUQDO GRFXPHQWDWLRQ

,Q WKLY FDVH WKHUH GRHVQ W DSSHDU WR EH DQ\

([DPLQH FDOO V WR WKH IXQFWLRQ

JLUVW MRE LV WR ILQG LW RU WKHP
JUHS ELE5HI H[SDQGUHIEQWN S{DFWO\ RQH FDOO

6XEVWLWXWH LQIRUPDWLRQ

IRU ILOHQDPH LQ DUJV
ILOHQDPH B B URRW JHW)LOH ILOHQDPH
JHQ7LPH URRW
FURVV5HI URRW [UHI,QIR
ELE5S5HI URRW ELE2XWSXW ELE,QIR
RXWILOH RSHQ ILOHQDPH Z
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<R
7

RXWILOH ZULWH URRW WR[PO XWI
RXWILOH FORVH

/RRNLQJ KLJKHU EBE 2:HWM8W WX W LEDLEEL KMGPMOIRRR XU JXHVY ZDV SUHWW\ JRRG

X XVH WKHVH WHFKQLTXHV FRQVFLRXVO\ RU RWKHUZLVH ZKHQHYHU
KH SXUSRVH RI JRRG VW\OH LV WR LPSURYH WKH RGGV RI WKHP ZRUNLQJ

" $ JRRG ZD\ WR WKLQN DERXW VL]H DRXAERYEBEBBH OVAMKH QRWLRQ RI D

7
N

KH VXEVHW RI QDPHVY LQ VFRSH DW D SDUWLFXODU VWDWHPHQW WKDW DUH
WKH VOLFH LV PXFK VPDOOHU WKDQ WKH PHWKRG LWVHOI WKH PHWKRG L\

1D
" $
6 K
' F

PHV RI ILOHY FODVVHV PHWKRGY YDULDEOHV DQG RWKHU WKLQJV
YDULDEOWHTEHWUD&/XREDEO\ GRHVQ W VWRUH D XVHU QDPH RU WKH QXPEHL
RXOG WKHUHIRUH FKRRVHPRDQHPIYEBNGDEB HERWK
XUUHQWBVXUIDFHBWHPSHUDWKX PHBRIBGIUREHEXW QRW UHDGDEOH

FVWISY HDVLHU WR UHDG EXW KDUG WR XQGHUVWDQG
7KH VPDOOHU WKH VFRSH RI D QDPH WKH PRUH FRPSDFW LW FDQ EH
W V 2. MFDR®HRU LQGLFHV LQ MRIUDRWSOY QHVWHG

" %

XORW LI WKH ORRS ERGLHYVY DUH VHYHUDO SDJHV ORQJ
2l FRXUVH WKH\ VKRXOGQ W EH DQ\ZD\«

7KH ZLGHU WKH VFRSH RI D QDPH WKH PRUH GHVFULSWLYH LW KDV WR

' &DOO D(FHHWIMW HQW D O5HBPRUKG(5 RUKDITH F
&RPSDUH
Before After
'LPSRUW UHDGHU VSOLWWHU WUDQVSRVH 'LPSRUW V\V
'LPSRUW V\V RV 'LPSRUW UHD
D >@
E >@ 'LQSXW)LOH1
F >@ "OLQHV UHD
"G V\V DUJY> @ "VHFWLRQV
'D UHDGHU UHDG/LQHV)URP)LOH G "ILOH1DPH6W
'E VSOLWWHU VSOLW,QWR6HFWLRQV D "IRU L LQ UDC
'F G VSOLW RXWSXW)
'IRU L LQ UDQJH OHQ E LI RV SDV
LI RV SDWK LVILOH V G GDW F> @ L f SULQV
SULQW V G GDW DOUHDG\ H[LVWV DQG FDQQRW EH RYHUZULWVEHJ(BIDI\
EUHDN HOVH
HOVH 3 RXWS)
RXWSXW ILOH V G GDW F> @ L Z SULQV
SULQWI!IRXWSXW WUDQVSRVH WUDQVSRVH E>L@ RXWS:

RXWSXW FORVH

8VH QDPLQJ FRQYHQWLRQV WR LQGLFDWH SXUSRVH

&

RQVWDQWS//BBBB/(WB&S$6(B:,7+B81'(56&25(6

&ODVV QDPHV ZWD\WPMIO@DMMIQILUVW OHWWHU FDSLWDOL]HG

1DPH 3FDPHO FDVH" FRPHV IURP WKH KXPSV LQ WKH PLGGOH

S3DUDPHWHUV PHWKRGYV ORFDPNOERPVMEHKRHVUWWFRHWWHU LQ ORZHU FDVH
ODQ\ RWKHU FRQYHQWLRQV PDNH MXVW DV PXFK VHQVH
" :ULWH SDUDPHWHUV HWF XVFXQUKQUWBPYEFRRXP DV LQ
" ULWH FODVV P MPEHBW IOILRB WKLV

1RW DV XVHIXO LQ 3\WKRQ ZKHUH \RX XBOH WHRO\EZIDAU WR PHPEHUV DV
%XW XVHIXO LQ & -DYD DQG RWKHU ODQJXDJHYV

8VH DQ DJUHHG OLVW RI DEEUHYDWLRQV

FXUU$YH7THPSWHDXAUBHQWS$YHUDJIJH7HPSHUDWXUH
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3$JUHHG LV LPSRBWDWHY 7 BREXQUIUSY H7SHPRISGXFHY KDUG WR VSRW EXJV

ORVW LPSRUWD@W WRKQQUVIWH\G R/

$Q\WKLQJ FRQVLVWHQW LV UHDGDEOH DIWHU D ZKLOH

-XVW ZDWFK NLGV OHDUQLQJ WR UHDG J)UHQFK 3XQMDEL DQG .RUHDQ
%XW \RXU EUDLQ DXWRPDWLFDOO\ QRWLFHV YLVXDO GLIIHUHQFHV DQG DVV)
W DFWXDOO\ GRHV WDNH ORQJHU WR UHDG FRGH ZULWWHQ LQ D PL[ RI VW\C
«DQG WKH HUURU UDWH LV KLJKHU

&RQIRUP(WR 3\WKRQ 6W\OH *XQGHVV \RX KDYH D UHDOO\ JRRG UHDVRQC

(YHU\ ODQJXDJH KXPDQ RWGERP8SXWHU KDV

6D\LQJV RU SKUDVHY ZKRVH PHDQLQJ GRHV QRW IROORZ IURP WKH PHDQLQJ
(J B3IDFH WKH PXVLF" GRHV QRW PHDQ 3ORRN DW WKH RUFKHVWUD"
$ zD\ WR DJJUHJDWH UDZ GDWD LQWR FKXQNV

$V \RX UHDG SURJUDPV ORRN IRU XVHV RI FRPPRQ LGLRPV

([DPSOH & & DQG -DYD DOORZ DVVLIJQPHQW LQ WKH PLGGOH RI DQ H[SUHVYV
] Vo DVVLIQV WKHWROXKHRIDGGY WR WKDW DQG DVVLJQV LW WR

1R RQH ZRXOG RU VKRXOG HYHU XVH LW LQ WKH PDQQHU VKRZ DERYH EXW
Without Idiom Using Idiom

' OLQH LQILOH UHDG/LQH (ZKLOH OLQH LQILOH UHDG/LQH QX0oOo ~»
" ZKLOH OLQH QX0Oo ~ GR VRPHWKLQJ ZLWK OLQH
1 GR VRPHWKLQJ ZLWK OLQH

OLQH LQILOH UHDG/LQH

' $VVLJQ QH[W OLWH[WWVIOHQ PKRIFN IRU HQG RI LQSXW DOO LQ WKH WRS RI W
7KLV FDQ EH HYHQ PRUH FRPSDFW LQ & DQG & ZKLFK WUHDW QXOO DV HTXI

ZKLOH OLQH LQILOH UHDG/LQH A
: GR VRPHWKLQJ ZLWK OLQH

%XW 3\WKRQ GRHVQ W DOORZ DVVLJQPHQW LQ WKH PLGGOH RI H[SUHVVLRQV
$QG LQ ROGHU YHUVLRQV \RX FRXOGQ WRIUWHLUDHNVHQGLQSHMHW O\ RYHU D ILOH
BROXWLRQ ZDV DQ LGLRP WKDW ORRN HEUE DNWDMWH P 8 L\ LLWPHL 'RR B KEDX\G @ Hi ¢

OLQH LQILOH UHDGOLQH
LI QRW OLQH

EUHDN

GR VRPHWKLQJ ZLWK OLQH

1RWH XVLQJ TQXMVMRGEHRROGHU 3\WKRQXHELMGKHW GHILQH
<RX FDQ ILJXUH RXW ZKDW WKH FRGH LV GRLQJ HYHQ LI \RX GRQ W NQRZ WKI
«EXW NQRZLQJ WKH LGLRP PDNHV LW D ORW VLPSOHU IRU \RXU EUDLQ WR F

6W\OH JXLGHOLQH XVH \RXU ODQJXDJH V LGLRPV

, ] HYHU\RQH HOVH ZULWHV WKHLU FRGH D FHUWDLQ zZD\ ZULWH \RXUV WKDW
", QHYHU OLNHAX BOWMKRE@ UWHDBNRP EXW , XVHG LW

7ZR ZD\V WR OHDUQ LGLRPV

" %RRNV RQ SURJUDPPLQJ VW\OH HJ WKH 3(IIHFWLYH" VHULHV IURP $GGLVI
" SHDGLQJ RWKHU SHRSOH V FRGH

1RWH LGLRPV HYROYH RYHU WLPH

/IDQJXDJHV JDLQ QHZ IHDWXUHV SURJUDPPHUV OHDUQ QHZ WULFNV HWF
3HRSOH ZKR KDYH JURZQ XS ZLWK -DYD WHQG WR ZULWH FOHDQHU & WKDQ S
6R ZKHQ UHDGLQJ FRGH SUHIHU WKH VW\OH RI QHZHU FRGH RYHU WKDW RI R
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' $ JURZ
" /IRRN
' 3\/LQW

LQJ QXPEHU RI WRROV H[LVW WR FKHFN DQG HQIRUFH VW\OH JXL
IRU WKLQJV WKDW WKH ODQJXDJH VSHF DQG FRPSLOHUV DOORZ EXW ZI

" 3DUVHV SURJUDPVDOR RWIHMAK VQQWD[ WUHH
''$ GDWD VWUXFWXUH WKDW UHSUHVHQWY FODVVHVY ORRSY YDULDEOHV HW

" 7TKHQ

JLIXUH $QQRWDWHG 6\QWD[ 7UHH

VHDUFKHV WKH WUHH WR ILQG WKLQJY WKDW PDWFK SUREOHP SDWWHU

" (DFK SDWWHUQ LPSOHPHQWHG DV D FODVV WKDW ORRNV IRU FHUWDLQ WKL
" :KLFK PHDQV WKDW XVHUV FDQ ZULWH QHZ FKHFNHUV LI WKH\ ZDQW WR

FODV

V OHWDO

QDPH DOXPLQXP

GHI BBLQLWBB VHOI

VHOI QDPH DUJ

GHI PHWK VHOI YDO
VHOI Y YDO

‘pylint badcode.py
Hewskneek Module badcode
'W: 8: Bad indentation. Found 6 spaces, expected 8

W: 0: Mi
‘W: 0: Mi

ssing docstring
ssing required attribute " revision__

'W: 1:Metal: Missing docstring

'E: 5:Metal.__init__: Undefined variable ‘arg’

'W: 7:Metal.meth: Missing docstring

'R: 1:Metal: Not enough public methods (1/2)

'W: 8:Metal.meth: Attribute 'v' defined outside __init__

" 3\&KHFNHU
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,PSRUWV WKH PRGXOH RU PRGXOHYV
, | WKH FRGH GRKEXEG FWRDXOW DQDO\]H LW
8VHVY FRPSLOHG E\WH FRGHYV DV ZHOO DV VRXUFH ZKHQ GRLQJ DQDO\VLYV

-pychecker badcode.py
‘Warnings...

ibadcode.py:S: No global (arg) found

6LPLODU WRROV H[LVW IRU >QDPH RI \RXU ODQJXDJH JRHVY KHUH®@
ORVW FKHFN IRU PXFK PRUH WKDQ MXVW LQGHQWDWLRQ DQG QDPLQJ FRQYHC
&DQ DOVR ILQG
' '"HDG FRIGH YDULDEOHVY DQG PHWKRGYV WKDW DUH QHYHU XVHG
' 8QKDQGOHG H[FHSWLRQV
'XSOLFDWH FRGH
$QG PXFK PRUH
8VH WKHP GXULQJ GHYHORSPHQW
' '"RQ W FKHFN DQ\WKLQJ LQWR YHUVLRQ FRQWURO XQOHVV LW SDVVHV D VW\O
7DNH WKHLU ZDUQLQJV YHU\ VHULRXVO\ ZKHQ GHEXJJLQJ
.l VRPHRQH ZDV VORSS\ HQRXJK WR PDNH VW\OH PLVWDNHV WKH\ SUREDEO
8VH WKHP ZKHQ UHDGLQJ FRGH
' 0DQ\ WRROV FDQ UHIRUPDW FRGH VR WKDW LW REH\V VW\OH JXLGHOLQHYV
6RPHWLPHVSEBOWHGSULQWHUYV
'RQRWHIRUPDW FRGH MXVW EHFDXVH \RX FDQ
ODNHV LW GLIILFXOW WR WUDFN DQG PHUJH FKDQJHV LQ YHUVLRQ FRQWUR(
' %XW UHIRUPDWWLQJ D FRS\ WR PDNH LW HDVLHU WR UHDG FDQ VDYH \RX KHLE

,Q DQ LGHDO ZRUOG DOO FRGH ZRXOG EH DFFXUDWHO\ GRFXPHQWHG
' $QG WKH %HDWOHV ZRXOG VWLOO EH SHUIRUPLQJ DV D JURXS«
,Q WKLV ZRUOG GRFXPHQWDWLRQ LV RIWHQ PLVVLQJ
2U ZRUVH LW PD\ KDYH EHHQ XS WR GDWH WKUHH \HDUV DJR EXW QR ORQJH
0DQ\ NLQGV RI GRFXPHQWDWLRQ DUH XVHIXO
' (PEHGGHG LQ FRGH WR H[SODLQ WULFN\ ELWV
' 37KLV LV D ZKLOH ORRS LQVWHDG RI D IRU EHFDXVH LW PD\ GHOHWH LWHF
$VVRFLDWHG ZLWK FODVV PHWKRG KHDGHUV WR H[SODLQ ZKDW WKH\ UH IRU
'REXPHQWDWLRQ IRU D OLEUDU\
' 37KLV IXQFWLRQ UHWXUQV WKH ILUVW SDLU RI QRQ RYHUODSSLQJ VXEVHTX
' $UFKLWHFWXUDO GHVFULSWLRQV
7KH DUFKLWHFWXUH RI D SURJUDP LV ZKDW \RX GUDZ RQ WKH ZKLWHERDUG
0D\ VKRZ UHODWLRQVKLSYV EHWZHHQ FODVVHV PDMRU PRGXOHV GDWD IOR

" 2IWHQ WKH PRVW LPSRUWDQW GRFXPHQWDWLRQ RI DOO VLQFH LW V ZKDW
ILWY WRIJHWKHU

" BHTXLUHPHQWYV
'"HVFULSWLRQ RI ZKDW QHHGYV WKH VRIWZDUH LV VXSSRVHG WR PHHW
3,1 PRUH WKDQ HYHQWY DUULYH LQ D VHFRQG WKH VHLVPRJUDSK LQWHU
D VHLVPRIJUDSK LQWHUIDFH DQG D TXHXH WKDW IHHGV LW GDWD
" 8VHU JXLGH
' $V DERYH NQRZLQJ ZKDW WKH VRIWZDUH LV VXSSRVHG WR GR RIWHQ KHOS
, WV LQFUHDVLQJO\ IDVKLRQDEOH WR HPEHG VRPH GRFXPHQWDWLRQ LC
-DYDGRF IRU -DYD WUDQVODWHYV VSHFLDOO\ IRUPDWWHG FRPPHQWY LQWR -
Java HTML
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ST VWURQJ!JI
5SHWXUQV WKH OHDVW FRPPRQ DQFHVWRU RI WZR VSHFLHV EDVHG RQ '1$
FRPSDULVRQ ZLWK FHUWDLQW\ QR OHVV WKDQ WKH VSHFLILHG WEHK H\XKER
1RWH WKDW JHW&RQFHVWRU ; ;: W UHWXUQV ; IRU DQ\ WKUHVKROG

. EORFNTXRWH
#SDUDP OHIW RQH RI WKH EDVH VSHFLHV IRU WKH VHDUFK
#SDUDP ULJKW WKH RWKHU EDVH VSHFLHV IRU WKH VHD BFKHWXUQV V
#SDUDP WKUHVKROG WKH GHJUHH RI FHUWDLQW\ UHTXLUHBRPSDULVRQ
#UHWXUQ WKH FRPPRQ DQFHVWRU RU QXO0OO LI QRQI—WK‘DWRJ(HD\AB&R(
#VHH 6SHFLHV 1

S! VWURQJ!3

SXEOLF 6SHFLHVY JHW&RQFHVWRU 6SHFLHVY OHIW 6SHFLHV UL‘JEWRFFNFEB)WVWH

LPSOHPHQWDWLRQ S! FRGHI!OHIV
. S! FRGH!ULJK

S! FRGH!WKU

EORFNTXRW

S! VWURQJ!3|
EORFNTXRWF
SIWKH FRPPR
EORFNTXRW

S! VWURQJ!6/|
EORFNTXRWF
S! FRGH!,PDJ
EORFNTXRW

EORFNTXRW

S\WKRQ'RFPRGXOH GRHV VLPLODU WKLQJV

(PEHGGHG GRFXPHQWDWLRQ LV PRUH OLNHO\ WR EH XS WR GDWH WKDQ
W V ULJKW LQ IURQW RI SURJUDPPHUYV DV WKH\ PDNH FKDQJHV
$OWKRXJIK WKDW V QR JXDUDQWHH«

SHSURGXFLELOLW\ LV RQH RI WKH WKLQJV WKDW PDNHV VFLHQFH VFLH(
$Q\RQH FDQ DW OHDVW LQ SULQFLSOH UHSHDW \RXU H[SHULPHQW WR YHULI

7UDFHDIEVY. @WLWH\ SDUW RI WKLY LQ FRPSXWDWLRQDO VFLHQFH

:KDW SURJUDP V GLG \RX XVH"

‘:KHUH GLG \RXU GDWD FRPH IURP DQG ZKDW GLG \RX GR WR LW"

' $0ZD\V LQFOXGH YHUVLRQ FRQWURO LQIRUPDWLRQ LQ VRXUFH ILOHV

6XEYHUVLRQ FDQ EH WROG VBRYORRRQRUZKWQ@LRIVWRERHW FKDQJHV DQG UHS
WKH FRORQ ZLWK WKH DSSURSULDWH LQIRUPDWLRQ

$O0ORZV WKH ILOH WR FDUU\ LWV LGHQWLW\ ZLWK LW ZKHQ LW V SULQWHG D
8VXDOO\ SXW WKH NH\ZRUG LQVLGH D VWULQJ VR WKDW YHUVLRQ LQIRUPDW

' BBYHUVLRQBB S5HYLVLRQ

BBQDPHBB BBPDLQBB
SULQW BBYHUVLRQBB

'DWD ILOHY DUH VRXUFH ILOHV WRR

(YHU\ RULJLQDO GDWD ILOH VKRXOG JR XQGHU YHUVLRQ FRQWURO DQG KDY
&DQ UHFRUG DXWKRU DQG GDWH RI ODVW FKDQJH DV ZHOO DV YHUVLRQ QX

&DUU\ WKLV LQIRUPDWLRQ WKURXJK ZKHQ SURFHVVLQJ ILOHV

(J LOQSXWRIRPODWY GDW D KH®DKMHIWLRQ

,V SURFHVVHG E\ YWFRDLRIO\]HRU S\

6R LQFOXGH WKH IROORZLQJ KHDGHU DV FRPPHQWYVY LQ WKH RXWSXW ILOH
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‘# $Revision: $

# From: biomes.dat version 421
# By: ecoanalyzer.py version 37
# On: 2005-09-22 12:14:07 EST

' $OVR LQFUHDVLQJO\ IDVKIHROPXWBEWR W R DXPBBRRWOW LR Q
' 7KLQJV WKDW GHVFULEH WKH SURJUDP LQ ZD\V WKDW WKH FRPSXWHU FDQ Fk
" $VVHUWLRQV
$VVHUWLRQV DW WKH WRS RI D PHWKRG DUH XVXDOO\ FKHENLQJ SUH FRQGLYV
' 7KRVH DW WKH ERWWRP DUH JXDUDQWHHV RI ZKDW ZLOO EH WUXH DIWHU WK
' 8QOHVV W HKHWHXOWEBEWHPHQWY HPEHGGHG LQ WKH PLGGOH RI WKH PHWKRG«
«ZKLFK LV DQRWKHU UHDVRQ WKH\ UH D EDG LGHD
' $VVHUWLRQV LQ WKH PLGGOH Rl PHWKRGV DUH XVXDOO\ FKHFNLQJ
' QYDULDQWYV L H QXPEH D URAKHGHP VSIOX W KH HWERS PIBHIE K Y WKWHD\V FRQV W D
20G EXJV FRPPRQ WR LQWURGXFH DVVHUWLRQV ZKLOH GHEXJJLQJ WKHQ C
' :KHQ UHDGLQJ FRGH DVVHUWLRQV OHW \RX FRPSDUH \RXU FXUUHQW XQGHU\
I \RX DNNHUW [ DQG \RX GRQ W HIRIVRKEH O BW WK SRLQW \RX YH ORYV
' 6R ZKHQ ZULWLQJ FRGH DGG DVVHUWLRQV
' 7R GHWHFW HUURUV DQG PLV XVH HDUO\
7R KHOS WKH QH[W SHUVRQ XQGHUVWDQG KRZ WKH FRGH LV VXSSRVHG WR
" THVWYV
' (DFK WHVW LV UHDOO\ MXVW D VXSHU DVVHUWLRQ
' (DFK WHVW WKDW V XS WR GDWH DQG UXQV FRUUHFWO\ WKDW LV
7KH\ DQRBVVXEVWLWXWH IRU GRFXPHQWDWLRQ

:KLFK LV HDVLHUWMWMRW FD&HY RU RQH VHQWHQFH H[SODLQLQJ WKH UHODW.L
LQSXW SDUDPHWHUV"

© % XW WHKBI\GHILQLWLYH DQVZHU LQ FDVHV RI DPELJXLW\

' "KHQ ZULWLQJ XVH WHVW GULYHQ GHYHORSPHQW WR HQVXUH WKDW WHVWYV
"KHQ UHDGLQJ ORRN IRU WHVWV WKDW XVH WKH FODVVHV RU IXQFWLRQV \R:
JLYHQ LQSXW SURGXFHV WKH FKHFNHG IRU RXWSXW

" %XLOG

" (YHU\ PHGLXP WR ODUJH SURMHFW KDV LQIUDVWUXFWXUH WR FRPSLOH VRXU
' ODNH $QW 6&RQV HWF
.QRZLQJ KRZ WKH VRIWZDUH LV EXLOW FDQ WHOO \RX D ORW DERXW ZKDW W|

(QWLUH GLUHFWRULHV Rl VRXUFH FRGH PD\ EH LJQRUHG GHSHQGLQJ RQ WK
" "LIITHUHQW PRGXOHV PD\ EH XVHG GHSHQGLQJ RQ ZKHWKHU LW V WKH /LWH
' %XLOG FRQWURO ILOHV DUH QRWRULRXVO\ GLIILFXOW WR UHDG
2IWHQ HDVLHU WR SHUIRUP D EXLOG DQG ORRN DW LWV RXWSXW WR VHH Z
'KHQ ZULWLQJ FRGH WU\ WR NHHS WKH EXLOG DV VLPSOH DV SRVVLEOH
'’ 1 DQ\ SDUWV Rl WKH VRIWZDUH DUH RQO\ FRQGLWLRQDOO\ LQFOXGHG PDN
" I \RX UH OLQNLQJ QRQ VWDQGDUG OLEUDULHVY PDNH VXUH WKH\ UH 10DJJH

" 6RPHWLPHV WKH RQO\ ZD\ WR XQGHUVWDQG D SLHFH RI FRGH LV WR Jt
' JRJIJILQJ
5XQQLQJ LQ D GHEXJJHU
"\QDPLF FRGH LQVSHFWLRQ WRROV
" ORVW ODQJXDARYIJBQEHDULHYVY WKDW OHW SURJUDPPHUYVY FRQWURO GHE)
' 7\SLFDO GROO*EY /2*B'(%8* B5HILQLQJD G ; G JULG GLP; GLP<
JLUVW DUJXPHQW VSHFLILHV WRSLE VRPHWLPHVY FDOOHG 3FKDQQHO"~
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' $OORZV UHDGHUV WR ILOWHU PHVVDJHVY HJ VHOHFW RQO\ WKRVH UHODW

" 6HFRQG VSHFLILHY OHYHO RQO\ SULQW PHVVDJH LI XVHU KDV DVNHG IRU WK

Level Meaning

"(%8* 'HEXJJLQJ RXWSXW RI LQWHUHVW WR SURJUDPPHUV RQO\

,1)2 1RUPDO RSHUDWLRQV HJ D XVHU ORJJLQJ LQ

:$51 6RPHWKLQJ WKDW UHTXLUHYVY DQ DGPLQLVWUDWRU V DWWHQWLRQ H .

(5525 6RPHWKLQJ ZURQJ ZLWK WKH SURJUDP WKDW LW FDQ UHFRYHU IURP

&5,7,&8kVWHP DERXW WR FUDVK PLVVLOHVY DERXW WR ODXQFK \HW DQRWK

7TDEOH 7\SLFDO /RJJLQJ /HYHOV

' $W VWDUW RI SURJUDP VSHFLI\ ZKHUH WR VHQG ORJJLQJ RXWSXW
' 7R VFUHHQ
' 7R D ILOH
' 7R D ILOH WKDW 2UROOV RYHU" ZKHQ LW UHDFKHV D FHUWDLQ VL]H
' 7R D GDWDEDVH
' 7ZKURXJK D VRFNHW WR D FROOHFWRU RQ VRPH RWKHU PDFKLQH
' (WF
' "KHQ ZULWLQJ FRGH DGG ORJJLQJ VWDWHPHQWY WR UHFRUG LPSRUWDQW H)\
' 6HW WR QR RXWSXW  E\ GHIDXOW WR DYRLG DQQR\LQJ XVHUV
' :KHQ SURJUDP VWDUWV WR EHKDYH VWUDQJHO\ KDYH XVHUV WXUQ RQ ORJ
' (QFRXUDJHV FOHDQHU FRGLQJ

", WKHUH V QR SRLQW DW ZKLFK \RX FDQ SULQW 3:5RWDWLRQ FRPSOHWH" L
UHVSRQVLEOH IRU GRLQJ URWDWLRQV

" "HEXJJHUV DUHQ W MXVW IRU ILQGLQJ EXJV
' BWHSSLQJ WKURXJK FRGH LV RIWHQ WKH HDVLHVW ZD\ WR ILJXUH RXW KRZ L
' JLUVW SDVV VWHS RYHU IXQFWLRQV UDWKHU WKDQ LQWR WKHP
' 7KHQ UH UXQ DQG GLJ GRZQ WR WKH QH[W OHYHO RI GHWDLO
' +DUGHVW SDUW LV RIWHQ ILJXULQJ RXW ZKHUH WR VWDUW
' "HSHQGV RQ WKH DUFKLWHFWXUH
' & RPPDQG OLQH DSSOLFPIMIRQV LY VEB\BRRBIHE B BBPDLQBB

", WKH FRGH SOXJV LQWR D ODUJHU IUDPHZRUN VHW EUHDNSRLQWY RQ NH\
JRW WKHUH

" 6RPH GHEXJJHUV DUH PRUH JUDSKLFDO WKDQ RWKHUYV
" 'DWD 'LVSOD\ '"HEXJJHU "' FDQ GUDZ ER[ DQG DUURZ GLDJUDPV RI GDWD V!

JLIXUH 'DWD 'LVSOD\ '"HEXJJHU &RXUWHV\ RI $QGUHDYVY =HOOHU 7KH

' QWHJUDWHG 'HYHORSPHQW (QYLURQPHQWYV
' $ JRRG ,"( LV PRUH WKDQ MXVW D IDQF\ HGLWRU DQG D V\PEROLF GHEXJJHU
' *RRG RQHV OLNH (FOLSRIGHDEOUWRZVEBUXG H
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.HHS WUDFN Rl ZKHUH FODVVHV PHWKRGY DQG YDULDEOHY DUH GHILQHG
6LQJOH FOLFN WR MXPS IURP D YDULDEOH WR LWV GHILQLWLRQ WKHQ WR \
" $QRWKHU FOLFN WR VHDUFK IRU YDULDEOHYV RI D FHUWDLQ FODVV RU LWV
' $QG PXFK PXFK PRUH
6LPLODU WRROV DYDLODEOH IRU ROG IDVKLRQHG WH[W HGLWRUV
&WDJV SDUVHV VRXUFH ILOHVY DQG SURGXFHVY D GDWDEDVH RI WKH GHILQLW
" 6LQJOH HGLWRU FRPPDQG MXPSV IURP XVH WR GHILQLWLRQ
" &XUUHQWO\ ZRUNV IRU RYHU ODQJXDJHV

7KH PRVW HIILFLHQW ZD\ WR UHDG FRGH LV DOPRVW DOZD\V WR

3ULQW LW RXW
3DSHU KDV WLPHV WKH UHVROXWLRQ RI HYHQ WKH EHVW VFUHHQ
6LW VRPHZKHUH FRPIRUWDEOH
' $ZDYURP HPDLO WKH ZHE \RXU SDJHU DQG RWKHU GLVWUDFWLRQV
)LQG DQ HQWUPBRQQW OLNH
7UDFH H[HFXWLRQ IURP WKHUH VNLSSLQJ RYHU VWXII WKDW ORRNV VWUDLJ!
' (J DUJXPHQW SDUVLQJ DQG ILOH , 2
3XW D TXHVWLRQ PDUN EHVLGH HYHU\WKLQJ WKDW GRHVQ W LPPHGLDWHO\ P
2QFH \RX UH GRQH JR EDFN DQG WU\ WR DQVZHU \RXU TXHVWLRQV

7KLV DOVR KDSSHQV WR EHERGHRRG YIDHZWR GR D

5HDG D FROOHDJXH V FRGH LQ RUGHU WR
J)LQG EXJV
ODNH VXUH VKH LV IROORZLQJ VW\OH JXLGHOLQHYV
ODNH VXUH VKH LPSOHPHQWHG ZKDW \RX DVNHG IRU
&RGH UHYLHZV DUH D PRUH HIIHFWLYH ZD\ WR ILQG EXJV WKDQ UXQQLQJ DG
'KLFK LV \HW DQRWKHU JRRG UHDVRQ WR OHDUQ KRZ WR UHDG FRGH
WRS

Watching Programs Run

'UDIW 9HUVLRQ

$ODQ 7XULQJ V JUHDW LQVLIJKW ZDV WKDW SURJUDPV DUH MXVW DQRWI

6RXUFH FRGH LV WH[W WKDW FDQ EH SDUVHG OLQH E\ OLQH XVLQJ UHJXODU
&RPSLOHG SURJUDPYVY DUH MXVW E\WHV LQ PHPRU\

S5HIOHAWLWRH DELOLW\ RI VRIWZDUH WR H[DPLQH LWVHOI DV LW UXQV

KDW PHWKRGV GRHV WKLV FODVV FRQWDLQ"
:KDW OLQHV RI FRGH KDYH EHHQ H[HFXWHG"
+RZ PXFK WLPH LV EHLQJ VSHQW H[HFXWLQJ HDFK OLQH RI FRGH"

,W PD\ VRXQG YHU\ DEVWUDFW EXW

(YHU\ PRGHUQ SURJUDPPLQJ ODQJXDJH SURYLGHV LW WR VRPH H[WHQW
ODQ\ LPSRUWDQW WRROV UHO\ RQ LW
$ JURZLQJ QXPEHU RI DSSOLFDWLRQV XVH LW WR PDNH WKHPVHOYHV PRUH P

:LOO EULHIO\ GHVFULEH IHDWXUHV RI RWKHU ODQJXDJHV LQ RUGHU WR

7TUXVW PH LW V QRW DV VFDU\ DV LW ILUVW DSSHDUV
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", 3B3\WKRQ GLGQ W KDYH REMHFWYVY DQG FODVVHV \RX FRXOG IDNH WKHPF
' 6HHLQJ KRZ ZLOO JLYH \RX D FOHDUHU SLFWXUH RI KRZ 3\WKRQ V RZQ REMHF
" 8VH D GLFWLRQDU\ WR VWRUH DQ REMHFW V PHPEHUYV
,QFOXGLQJ LWV PHWKRGV«
«ZKLFK DUH MXVW IXQFWLRQV WKDW WDNH WKH REMHFW DV WKHLU ILUVW DU
' 6R IRU HDFK FODVV ZULWH D IXQFWLRQ WKDW FUHDWHV VXFK D GLEFWLRQDU
'GHI PDNH5HFW [\ [\
&RQVWUXFW D UHFWDQJOH REMHFW

UHWXUQ ~ [ [
\ \
[ [
\ \
DUHD UHFWS$UHD
FRQWDLQV UHFW&RQWDLQV
VWU UHFW6WU

" 1RZ ZULWH WKH SPHWKRGV’
" 5HPHPEHU HDFK RQH ZLOO EH SDVVHG WKH REMHFW DV LWV ILUVW DUJXPHQ

'GHI UHFW$UHD REM
‘ &DOFXODWH DUHD RI UHFWDQJOH
UHWXUQ REM>[ @ REM> [ @ REM>\ @ REM>\ @

"GHI UHFW&RQWDLQV REM [ \
f 6HH LI D UHFWDQJOH FRQWDLQV DQ ;< SRLQW
UHWXUQ REM> [ @ [ REM>[ @ DQG ?
REM>\ @ \ REM>\ @

GHI UHFW6WU REM
‘ 6KRZ DV VWULQJ
UHWXUQ > [ G \ G; [ G \ G@ REM

" ULWH D IXQFWLRQ WR UXQ DQ DUELWUDU\ PHWKRG
/IRRN IRU LW LQ WKH REMHFW V GLFWLRQDU\
' 3bvV LW WKH REMHFW DQG DQ\ RWKHU SDUDPHWHUV JLYHQ E\ WKH XVHU
+DQG WKH UHVXOW EDFN WR WKH RULJLQDO FDOOHU

‘GHI UXQ REM PHWK DUJV NZDUJV

3 5XQ D PHWKRG IRU DQ REMHFW SDVVLQJ LQ DUELWUDU\ DUJXPHQWYV
IXQF REM>PHWK @
UHWXUQ IXQF REM DUJVv NZDUJV

" 1RWH WKLV IXQFWLRQ ZRUNV IRU DOO 3FODVVHV’
)LQDOO\ ZULWH VRPH WHVWV WR VKRZ KRZ LW ZRUNV

. &UHDWH D UHFWDQJOH
'EORFN PDNH5HFW
'SULQW UXQ EORFN VWU

. &DOFXODWH LWV DUHD
'SULQW DUHD LV UXQ EOREFEN DUHD

~ BHH LI LW FRQWDLQV D FRXSOH RI SRLQWV
SULQW FRQWDLQV " UXQ EORFN FRQWDLQV
SULQW FRQWDLQV " UXQ EORFN FRQWDLQV
' 7KLV LV DFWXDOO\ QRW YHU\ IDU IURP ZKDW 3\WKRQ DFWXDOO\ GRHV
' GHSOMKK REM PHWKRBLWEM PHWKRG «
/HW SURJUDPPHUV GHILQH FODVVHY WR JURXS UHODWHG IXQFWLRQV WRJHWI

", H WR PDNH LW FOHDU WKDW WKH\ UH PHWKRGV
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' &ODVVHVY DOVR KHOS LPSOHPHQW LQKHULWDQFH
,QVWDQFHV RI D FKLOG FODVV JHW DOO WKH PHWKRGV RI WKHLU SDUHQW FO
", WKH FKLOG FODVV UHGHILQHV WKH PHWKRG WKH REMHFW JHWV D UHIHUH(

' -DYD V REMHFW PRGHO LV PRUH UHVWULFWLYH WKDQ 3\WKRQ V
' $00 PHWKRGY DQG PHPEHUV PXVW EH GHILQHG ZKHQ FRGH LV FRPSLOHG
* &DQ W EH PRGLILHG DW UXQWLPH
/HVV IOH[LEOH EXW PDNHV DXWRPDWLF RSWLPL]DWLRQ HDVLHU
' 2EMHFW VWRUHV LWV RZQ GDWD PHPEHUV DQG D UHIHUHQFH WR WKH F
' $W UXQWLPH WKH FODVV LV MXVW DQRWKHU REMHFW
' )WV PHPEHUV DUH LWV PHWKRGYV
REM PHWK DIM@EM FODVV>PHWKRGQDPH@ DUJV
' ,H ORRN XS WKH FODVV ORRN LQ LW WR ILQG WKH PHWKRG DQG FDOO W
' & JRUWUDQ DQG RWKHU ODQJXDJHV DUH DOO YDULDWLRQV RQ WKH
H\ LGHD LW V DOO IXQFWLRQV XQGHUQHDWK
2EMHFW RULHQWDWLRQ LV *MXVW’' D ZD\ WR ILJXUH RXW ZKLFK RQH WR FDOC

" 6R ZKDW V DOO WKLV JRRG IRU"
" 'HOO KRZ GR \RX WKLQN D GHEXJJHU ZRUNV"
" 'RHVQ W NQRZ DQ\WKLQJ DERXW \RXU FRGH LQ SDUWLFXODU
" 6R LW XVHV UHIOHFWLRQ WR ORRN WKLQJV XS DV LW QHHGV WKHP
’ 6WLOO XVHIXO HYHQ LI \RX GRQ W LQWHQG WR ZULWH D GHEXJJHU
Kbvbwwu REM DWWHBIROPPMY ZKHWKHU DQ REMHFW KDV DQ DWWULEXWH ZLWK
JHWDWWU REM DWMWWMWHKH YDOXH RI DQ REMHFW V DWWULEXWH
" VHWDWWU REM DWWUIDPHYHWMDIDOWMVULEXWH V YDOXH
<HV \RX FDQ DGG DWWULEXWHV WR SDUWLFXODU REMHFWY DIWHU WKH\ KD
GLU RE®MLVWY DOO WKH DWWULEXWH RI DQ REMHFW
$00 RI WKHVH DUH YHU\ XVHIXO ZKHQ GHEXJJLQJ LQWHUDFWLYHO\
" S\WKRPYRVWDWHPHQW LV HYDOXDWHG DW UXQWLPH DV ZHOO
8QOLNH &QROXBH -DYPSRUWKLFK DUH HYDOXDWHG E\ WKH FRPSLOHU
' &DQ WKHUHIRUH GHFLGH DW UXQWLPH ZKLFK YHUVLRQ RI D FODVV WR (
, 1 UXQQLQJ D SURGXFWLRQ VI\VWHP ORDG WKH UHDO RQH
,I WHVWLQJ ORDG D IDNH YHUVLRQ

' LPSRUW V\V

%LI OHQ V\V DUJY ! DQG V\V DUJY> @ G

| LPSRUW WHVW/LE DV OLE
"HOVH

LPSRUW UHDO/LE DV OLE

'SULQW OLE DFNHUPDQQ

" 7DNH WKLV RQH VWHS IXUWKHU DQG XVH LQIRUPDWLRQ LQ D ILOH WR ¥
.H\ LGHD HYHU\WKLQJ \RX ORDG G\QDPLBD®O®ARFFRWON REH\ VRPH NLQG RI
' $ VHW Rl UXOHVY WKDW DOORZ WZR HQWLWLHY WR FRPPXQLFDWH ZLWKRXW
' 3(YHU\WKLQJ UHDGV WH[W IURP VWDQGDUG LQSXW DQG ZULWHV WH[W WR \
<RX KDYH WRRROWEKQRUGHU WR XVH FRGH«
" ([(DPSOH ZDQW WR DSSO\ D VHULHV RI ILOWHUYV WR D VHW RI VWULQJV
' -XVW OLNH 8QL[ FRPPDQG OLQH WRROV

Created by Prince (www.princexml.com)



BURWRFRO HYHU\ PRGXOH PXVWXHMKDHVDWMBNKQHFW DRQLMMORHGWULQJYV DV LQS
VWULQJV DV RXWSXW

'GHI IXQF OLQHV
‘ UHVXOW >@
IRU L LQ UDQJH OHQ OLQHYV
UHVXOW DSSHQG OLQHV>L@
UHWXUQ UHVXOW

" /IRDG PRGXOHV G\QDPLEBIORS ROWK BB WWLKR)
'RHV ZKDWPWRWWDWHPHQW GRHV EXW WDNHV D VWULQJ DV DQ DUJXPHQW
"1RWH PXVW QRW LQF®XGH WKH WUDLOLQJ
" 7KH ZKROH WKLQJ LV VXUSULVLQJO\ VPDOO

'LPSRUW V\V

ILOWHUV >@

IRU PRGXOHIDPH LQ V\V DUJY> @

| PRGXOH1DPH PRGXOH1DPH> @ VWULS RIl S\
PRGXOH BBLPSRUWBB PRGXOH1DPH
IXQF JHWDWWU PRGXOH IXQF

| ILOWHUV DSSHQG IXQF

'SULQW ILOWHUYV

'OLQHV V\V VWGLQ UHDGOLQHV

IRU I LQ ILOWHUV

g OLQHV | OLQHV

IRU O LQ OLQHV

' 7KLV LV KRZ VA\VWHPV OLNH WKH $SDFKH ZHE VHUYHU ZRUN

ORGXOHV EHLQJ ORDGHG DUH ZULWWHQ LQ & UDWKHU WKDQ 3\WKRQ
' :KLFK PRGXOHV WR ORDG LV VSHFLILHG LQ D FRPSOH[ FRQILJXUDWLRQ ILOH
* %XW WKH SULQFLSOHV DUH WKH VDPH

ODNHV LW YHU\ HDV\ WR DGG QHZ FRPSRQHQWYV VZDS UHDO FRPSRQHQWV IR!
&DQ HTXDOO\ ZHOO XVH LW WR FRQWURO ZKDW PHVK DQG VROYHU FODVVHV

' $V ZHOO DV ORRNLQJ DW FRGH DV D EXQFK RI VWDWLF E\WHV ZH FDQ
9HU\ XVHIXO IRU GHEXJJLQJ
(YHQ PRUH XVHIXO IRU SHUIRUPDQFH WXQLQJ

" KHQ 3\WKRQ WUDQVODWHV \RXU SURJUDP LQWR E\WHFRGH LW NHHSV
,W FDQ WKHQ PDNH D UHFRUG RI ZKLFK OLQHV RI FRGH KDYH EHHQ H[HFXWHC

7\SLFDOO\ DFFXPXODWH GDWD RYHU VHYHUDO UXQV RI WKH SURJUDP
$OORZV \RX WR VHH ZKLFK ELWV RI \RXU SURJUDP DUH QR ORQJHU EHLQJ XVI
" ORUH LPSRUWDQWO\ ZKLFK ELWV DUHQ W EHLQJ WHVWHG
" TKHFRYHUDMRRO GRHV IRXU WKLQJV

" FRYHUDJH [ \RXUSURJUDP SMXDPDWIRXU SURJUDP WR FROOHFW FRYHUDJH GDW

" 'DWD LV DFFXPXODWHGRYHD MM WEKDWOR& FDQ FROOHFW LQIRUPDWLRQ RY'!
* ([DPSOH

' LPSRUW V\V

GHI IRR [ \
~ IRULLQ
\
SULQW UHVXOW \

"GHI EDU ]
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SULQW VKRXOGQ W KDSSHQ
HOLI ]

SULQW VKRXOGQ W KDSSHQ HLWKHU
HOVH

IRR DEF ]

LI BBQDPHBB BBPDLQBB

IRU L LQ UDQJH LQW V\V DUJY> @
,,,,,,,,,,,,,,,,,,,,,,,,,,, B DU L
python coverage.py -xc.py3
§result: 4
result: 5

.python coverage.py -r -m c.py
‘Name Stmts Exec Cover Missing

c 14 12 85% 10,12

.python coverage.py -a
> import sys

> def foo(x, y):

> foriinx:

> y+=1

> print result’, y

> def bar(z):
> ifz<O:

! print "shouldn't happen"

> elfz==0;

1] print "shouldn't happen either"
> else:

> foo('abc', z)

>if _name__ =='_ main_"

> for i in range(1, int(sys.argv[1])):

T A —
" &RYHUDJH LV PRVW XVHIXO ZKHQ LQWHJUDWHG ZLWK XQLW WHVWYV
8VXDOO\ QRW HFRQRPLFDO WR DLP IRU FRGH FRYHUDJH

7THVWYV IRU VLPSOH JHW VHW PHWKRGY DUH DV OLNHO\ WR EH EXJJ\ DV WKH
" «DQG VRPH WKLQJY OLNH WKH QHWZRUN FDEOH EHLQJ NLFNHG RXW DW HJCLC
"% XW YHU\ XVHIXO WR NQRZ ZKHWKHU FRGH FRYHUDJH LV JRLQJ XS RU GRZQ

, ] VRPHRQH FKHFNV LQ D ODUJH FKDQJH VHW DQG FRGH FRYHUDJH LPPHGL
WR KDYH D FORVH ORRN DW WKRVH FKDQJHYV

" 5DWKHU WKDQ MXVW IODJJLQJ OLQHVY DV WKH\ DUH HIHFXWHG ZH FRXO
7KH PRUH RIWHQ VRPHWKLQJ UXQV WKH PRUH LPSRUWDQW LW LV WR ILJXUH
", HIHFXWLRQ WLPH LV ZKDW ZH UHDOO\ FDUH DERXW EHWWHU WR PHD

"'$ VWDWHPHQW WKDW WDNHV PLOOLVHFRQGY WR H[HFXWH LV WHQ WKRXVD
PLFURVHFRQG

" 3URILIOM @WKH DFW RI PHDVXULQJ DVSHFWV RI D SURJUDP V SHUIRUPDQF
7\SLFDOO\ PHDVXUH H[HFXWLRQ WLPH
&DQ DOVR PHDVXUH GLVN XVDJH PHPRU\ IRRWSULQW HWF
" 7ZR DSSURDFKHYV
" LQVWUXWPKHHOWRGH EV LOVHUWLQJ LQVWUXFWLRQV WR UHFRUG WKH FORFN WLP
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' 7\SLFDOO\ UHFRUG WLPH DW VWDUW DQG HQG RI HDFK PHWKRG FDOO DQG

" "HWHUPLQLVWLF EXW H[SHQVLYH

' 6DPSWHKH FRGH E\ LQWHUUXSWLQJ LW DW UHJXODU LQWHUYDOV WR VHH ZKHL

([bDPSOH FRPSDUH VSHHG RI

" %XLOGV D VWDWLVWLFDO SURILOH RI ZKHUH LQ WKH FRGH ZH UH PRVW OLN

" 1RQ GHWHUPLQLVWLF EXW LPSDFW FDQ EH UHGXFHG E\ UHGXFLQJ VDPSOLC

%RWK NLQGV RI SURILOLQJ GLVWRUW WKH SURJUDP V EHKDYLRU

" 7KH +HLVHQEHUJ B3ULQFLSOH PHDVXULQJ VRPHWKLQJ FKDQJHV LW
S\WKRKRWVKFREG XOH PHDVXUHYV HIHFXWLRQ WLPH

&UHDWH DQ LRRNWDIORKW BURLMWXKHWKH QDPH RI D ORJ
" 3URILOH GDWD DFFXPXODWHYV LQ WKDW ILOH

8VH WKH SURIIUXK REMMANRE WR SURILOH D VLQJOH
" :KLFK PD\ RI FRXUVH FDOO RWKHU IXQFWLRQV

7R SURFHVV WKKRGDMBWXVWDWYV

ILOH DV DQ DUJXPHQW

UXQ RI D IXQFWLRQ

' &DQ ORDG GDWD IURP ORJ ILOHV VRUW LW LQ YDULRXV zZD\V SULQW LW H!

KDQGZULWWHQ VXEVWULQJ

IXQFWLRQ

'LPSRUW V\V

iGHI EXLOWLQ VWU VXEVWU

UHWXUQ VWU ILQG VXEVWU

iGHI KDQGZULWWHQ VWU VXEVWU

IRUL LQ UDQJH OHQ VWU OHQ VXEVWU
PDWFK 7UXH
IRU M LQ UDQJH OHQ VXEVWU
LI VXEVWU>M@ VWU>L M@
PDWFK )DOVH
EUHDN
LI PDWFK
UHWXUQ L
UHWXUQ

GHI WHVWV QXP

7THVWV >
D @

D DEF @

DEF D @
STUVWXYZ[\] VWXY @
STUVWXYZ[\] VWXZ @

V VV VYV

@

IRU L LQ UDQJH QXP
IRU VWU VXEVWU LQ 7THVWV
H[SHFWHG EXLOWLQ VWU VXEVWU
DVVHUW H[SHFWHG KDQGZULWWHQ VWU

LI BBQDPHBB BBPDLQBB

LPSRUW KRWVKRW KRWVKRW VWDWYV

JLOHQDPH VXEVWU SURI
QXP LQW V\V DUJY> @

SURI KRWVKRW 3URILOH )LOHQDPH

SURI UXQFDOO WHVWV QXP

SURI FORVH

VWDWV KRWVKRW VWDWYV ORDG )LOHQDPH
VWDWV VWULSBGLUV

VWDWV VRUWBVWDWY WLPH FDOOV
VWDWYV SULQWBVWDWYV

VXEVWU
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10001 function calls in 0.292 CPU seconds
Ordered by: internal time, call count

ncalls tottime percall cumtime percall filename:lineno(function)
5000 0.165 0.000 0.165 0.000 substr.py:6(handwritten)
1 0.081 0.081 0.292 0.292 substr.py:17(tests)
5000 0.045 0.000 0.045 0.000 substr.py:3(builtin)
0 0.000 0.000 profile:0(profiler)

+P«EXLOW LQ PHWKRG LV RQO\ WZR DQG D ELW WLPHV IDVWHU"
:KDW GRHV LW FRVW IRU DQ HPSW\ IXQFWLRQ FDOO™"

'GHI EXLOWLQ VWU VXEVWU

UHWXUQ

iGHI KDQGZULWWHQ VWU VXEVWU

UHWXUQ
10001 function calls in 0.166 CPU seconds

Ordered by: internal time, call count

ncalls tottime percall cumtime percall filename:lineno(function)
1 0.098 0.098 0.166 0.166 empty.py:11(tests)
5000 0.034 0.000 0.034 0.000 empty.py:7(handwritten)
5000 0.034 0.000 0.034 0.000 empty.py:4(builtin)
0 0.000 0.000 profile:0(profiler)

7DNH RIl RYHUKHDG DQG WKH GLIITHUHQFH LV FORVHU WR ;
6WLOO VHHPVY ORZ EXW DW OHDVW QRZ ZH KDYH D ZD\ WR LQYHVWLJDWH TXI

ODMRU DGYDQFHV LQ SURJUDPPLQJ FRPH ZKHQ ODQJXDJHV VWDUW RIIH
GRLQJ DQ\zZD\

JRU ORRSVY DQG LI WKHQ HOVH IRUPDOL]HG ZKDW JRRG )RUWUDQ SURJUDPPH!
2EMHFWV IRUPDOL]JHG WKH zZD\ JRRG & 3DVFDO DQG /LVS SURJUDPPHUV PDQ
-DYD GHVHUYHV FUHGLW IRU EULQJLQJ WZR SUHYLRXVO\ HVRWHULF SUI
*DUEDJH FROOHFWLRQ WKH FRPSXWHU UHF\FOHY PHPRU\ DV LW QHHGV WR
5HIOHFWLRQ SURJUDPV FDQ LQVSHFW WKHPVHOYHV DW UXQWLPH
5HIOHFWLRQ VLPSOLILHV WKH FRQVWUXFWLRQ RI ODUJH VRIWZDUH V\V\
ORVW ELJ DSSOLFDWLRQVY DUH QRZ IUDPHZRUNY WKDW ORDG SOXJ LQ FRPSRC(
$ OLWWOH H[WUD HIIRUW «

«EXW LW IRUFHVY SURJUDPPHUV WR UHDOO\ WUXO\ PRGXODUL]H WKHLU FRGH
«ZKLFK DOVR UHGXFHV PDLQWHQDQFH DQG FXVWRPL]DWLRQ FRVWYV
‘DWFKLQJ SURJUDPV UXQ LV DQ HVVHQWLDO SDUW RI WKH VRIWZDUH G|
:KLFK SDUWV RI P\ FRGH FDQ EH WKURZQ DzZD\"

:KLFK SDUWV DP , DFWXDOO\ WHVWLQJ"

KLFK SDUWV RI WKHLU ZRUN DUH P\ FROOHDJXHV DFWXDOO\ WHVWLQJ"

K\ LV P\ SURJUDP VR VORZ"

ORGHUQ FRPSXWHU V\VWHPV DUH VR FRPSOH[ WKDW LW V SUDFWLFDOO\ LP:
6R ZULWH WKH FRGH SURILOH DQG WKHQ VWDUW WXQLQJ
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Exercise 16.1:

:KDW SHUFHQWDJH RI \RXU FRGH LV WHVWV" |V WHVWHG"

Exercise 16.2:

&DQ \RX KRQHVWO\ vD\ WKDW \RX ZULWH WHVWV EHIRUH FRGH" )LQG RXW KRZ P
,GHQWLI\ WKH WHVWYV DVVRFLDWHG ZLWK D EXJ" 7THOO LI \RXU FRGH PHHWYV WKH
Exercise 16.3:

&DQ \RX ILQG RXW ZKLFK IXQFWLRQV XVH WKH PRVW &38 WLPH" +RZ ORQJ WKUHI

ZKHUH IRU ZKDW" +RZ DFFXUDWH WKHVH QXPEHUV DUH" +RZ WRGD\ V SURILOH (
PDFKLQHV"

WRS

Regular Expressions

'UDIW 9HUVLRQ

+RZ WR FRXQW WKH EODQN OLQHV LQ D ILOH"

" ORVW SHRSOH FRQVLGHU D OLQH ZLWK MXVW VSDFHVY DQG WDEV WR EH EODQ
%XW H[DPLQLQJ FKDUDFWHUYV RQH E\ RQH LV WHGLRXV
ORUH FRPSOH[] SDWWHUQVY OLNH WHOHSKRQH QXPEHUV RU HPDLO DGGUHVVH
BROXWLRMIXOBU H[SBHHN VLLRQWH D G
" 5BHSUHVHQW SDWWHUQV DV VWULQJV
-XVW OLNHLY WHKH VWHWO V
' :DUQLQJ WKH QRWDWLRQ LV XJO\

" +DYH WR XVH ZKDW V RQ WKH NH\ERDUG LQVWHDG RI LQYHQWLQJ QHZ V\PER
&DQ W XVH VXSHUVFULSWY DQG VXEVFULSWYV

" /IRDG WKHHRGXOH WHHQ/HMVHFK SDWWHUQ WH[W

" SDWWHM@ UHIJXODU H[SUHVVLRQ WKDW GHVFULEHY ZKDW \RX UH ORRNLQJ IF
WH[W WKH VWULQJ \RX UH VHDUFKLQJ LQ

6R ZKDW JEBWWRHUQ

/IHWWHUV GLJLWV DQG ZKLWHVSDFH FKDUDFWHU PDWFK DJDLQVW WKHPVHO
3XQFWXDWLRQ FKDUDFWHUY KDYH VSHFLDO PHDQLQJ

Pattern  Matches Doesn't Match
©D = D DD « $ E

Explanation
© PHDQV *]JHUR RU PRUH’
LV FDVH VHQVLWLYH

©E - E EE « © PHDQV 3RQH RU PRUH’

©ODE"F-DF DEF D DEEF ©"PHDQV 3RSWLRQDO" ]H

©>DEF@- E RW¥ DE G ©>«@HDQV *RQH FKDUDFW
VHW’

©>D F@br E RW¥ &KDUDFWHU UDQJHYVY FDQ EH DEEUHYLDWHG
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©>DEF@ -DF EDDEFDERSHUDWRUV FDQ EH FRPELQHG ]J]HUR RU PRUH
« FKRLFHVDURP RWF

7TDEOH %DVLF 5HIXODU ([SUHVVLRQ 2SHUDWRUYV

)LIXUH ODWFKLQJ

UH VHDWHRKRNY IRU D PDWFK DQ\ZKHUH LQ WKH WH[W
" 'RHVQ W KDYH WR PDWFK WKH HQWLUH WDUJHW VWULQJ

'LPSRUW UH

SDWWHUQ D>EF@
IRU WH[W LQ > E DE DFFE PDG @
f LI UH VHDUFK SDWWHUQ WH[W

SULQW V PDWFKHV V SDWWHUQ WHI[W
HOVH
SULQW V GRHV QRW PDWFK V SDWWHUQ WHI[W

"a[bc]*" does not match "b"
"a[bc]*" matches "ab"
"a[bc]*" matches "accb"
"a[bc]* matches "mad"

OD>EF@DWFKHY D(IROORZHG E\ |]HUR RWEPRUWH RI HLWKHU

" 'RHVQ W PODWHKDXVH WKHUH W QR OHDGLQJ
ODWFKBEIVFDQM@FFE

'K\ GRHV LW FPDAVFK

" UH VHDWRR NV IR U DQ PDOKRMFRWHH [ W
6NLSV WKMWKHIRDWFKMHVDQ@EEF@BWFKHY WKH HPSW\ VWULQJ

,JUH VHDWRRNV DQ\ZKHUH LQ WKH OLQH KRZ WR ILQG EODQN OLQHV"
'RQ W FRQV2GHRW [?Q EODQN

&RQVWUDLQ ZKDW WKH 50 FPKRBIWFK XVLQJ
©ARDWFKHYV WKH EHJLQQLQJ RI WKH VvVWULQJ

' © PDWFKHV WKH HQG
1IHLWKHU FRQVXPHV DQ\ FKDUDFWHUYV
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J)LIXUH $QFKRULQJ ODWFKHV

([IDPSOHYV

Pattern Text  Result

©E - DEEPRPDWFKHV

©AE -DEEFDLOV VWULQJ GRHVQ W VWDUW ZLWK

©F - DEEMDWFKHYVY VWUL®J HQGV ZLWK

©AD DDEDDLOV VRPHWKLQD EWWHHHOKDYDUW DQG HQG RI VWULQJ

7TDEOH $QFKRULQJ 5HIXODU ([SUHVVLRQV

&DQ QRZ FRXQW EODQN OLQHV LQ D ILOH

'LPSRUW V\V UH

 1RWKLQJ EXW VSDFH WDE FDUULDJH UHWXUQ QHZOLQH IURP VWDUW WR
SDWWHUQ A> ?2W?U?Q@

. &RXQW PDWFKHV LQ RQH ILOH VWUHDP
"GHI FRXQW ILOHQDPH LQVWUHDP
? FRXQW
IRU OLQH LQ LQVWUHDP
LI UH VHDUFK SDWWHUQ OLQH
FRXQW
SULQW V G ILOHQDPH FRXQW

. 2Q0\ VWDQGDUG LQVWUHDP"

‘LI OHQ V\V DUJY

§ FRXQW VWGLQ! V\V VWGLQ

"HOVH

‘ IRU ILOHQDPH LQ V\V DUJY> @
LQVWUHDP RSHQ ILOHQDPH U
FRXQW ILOHQDPH LQVWUHDP
LQVWUHDP FORVH

1RWH DOZD\V EHKDYH OLNH D SROLWH FRPPDQG OLQH ILOWHU
.l QR DUJXPHQWYV JLYHQ UHDG IURP VWDQGDUG LQSXW

+RZ WR PDWFK DJDAQRW D OLWHUDO
' (VFDSH IURP WKH FKDUDFWHU V VSHREIDOURBWORQUIVE SXWWLQJ
©? PDWFKHV D OLDVE®PRDWFKHY D?0LWHUDO
OXVW ZULWH WKHVBR?LQDR@®KRQ DV
7ZR OD\HUV Rl FRPSLODWLRQ
3)\WKRQ WXUQ GRXEOH EDFNVODVKHV LQWR VLQJOH EDFNVODVK FKDUDFWH!
5HJXODU H[SUHVVLRQ OLEUDU\ WKHQ FRPSLOHV VLQJOH EDFNVODVK SOXV

Created by Prince (www.princexml.com)



J)LIXUH &RPSLOLQJ 5HIJXODU ([SUHVVLRQV

7KLV FDQ JHW YHU\ FRQIXVLQJ YHU\ TXLFNO\
?wWLV D WDE FKDUDFWHU ZKLFK PDWFKHV D WDE FKDUDFWHU
" % XW?WLY WKH WZR FKDUDGFWHIUKYRK XHIM R PDWFKHYV D WDE FKDUDFWHU

? LV DOVR XVHG LQ VKRUWKDQG QRWDWLRQ IRU FRPPRQ FKDUDFWHU \

Sequence Equivalent Explanation
©?G-~ ©> @~ '"LILWYV
©?Z- ©>D 1% = B®WG FKDUDFWHUYV L H WKRVH DOORZHG LQ YDULD

©?V- ©> ?W?2U?Q@LWHVSDFH
7TDEOH 5HJXODU ([SUHVVLRQ (VFDSH 6HTXHQFHV

$ FRXSOH RI XVHIXO VSHFLDO FDVHYV
7KH QRWEDWDE@@ D QV 3D QNMAHEWH FKDUDFWHUV LQ WKLV VHW’
' © PHDQV 3DQ\ FKDUDFWHU H[FHSW WKH HQG RI OLQH"
(TXLYDO®& QA Q@ -
' ©?EBQFKRUV WKH PDWFK WR D EUHDN EHWZHHQ ZRUG DQG QRQ ZRUG FKDUDF
/ILN®IADQG - GRHVQ W FRQVXPH DQ\ DFWXDO FKDUDFWHUV

JLIXUH ‘RUG 1RQ :RUG %UHDNYV

BUREOHP WR FKHFN IRU GXSOLFDWH OLQH QXPEHUV LQ DQ DVVHPEO\ O
/LQH QXPEHUVY DUH WKH ILUVW WKLQJ RQ WKH OLQH WHUPLQDWHG E\ D FROF

J)LUVW WU\ VHDUFK HDFK OLQH ZLWK D UHJXODU H[SUHVVLRQ
I LW VXFFHHGYV H[WUDFW WKH OLQH QXPEHU
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'LPSRUW V\V UH

VWDUW RI OLQH RSWLRQDO VSDFHV GLJLWYV

QXPEHUHG  A??V ?2G ??V
VHHQ ~°
IRU OLQH LQ V\V VWGLQ
LI UH VHDUFK QXPEHUHG OLQH

QXP OLQH VSOLW > @
LI QXP LQ VHHQ

SULQW QXP
HOVH

VHHQ>QXP@ 7UXH

' VSOLWJILYHYV

PRUH RSWLRQDO VSDFHV FR

%XW ZKDW LI WKHUH LV QR VSDFH EHWZHHQ WKH OLQH QXPEHU DQG WHK
@ EXW VSOLW JLYHV @

'RQ W ZDQW WR VHDUFK WKH VWULQJ WR ILQG WKH ORQJHVW OHDGLQJ VHTXHE

1HHG D EHWWHU ZD\ WR H[WUDFW WKH WH[W WKDW PDWFKHG VXE SDWWHUQ\
5HVXOWH R/IHD UKD FW PIDOVF\KDREKHWWHFRUGY ZKDW ZKDW PDWFKHG DQ
PR JURXYHWXUQV WKH ZKROH VWULQJ WKDW PDWFKHG WKH 5(

PR VWDUMWMBR HQGDUH WKH LQGLFHV RI WKH PDWFK V ORFDWLRQ

'LPSRUW UH

CWH[W

DEEFE

'IRU SDWWHUQ LQ > E EF EF @

f PR UH VHDUFK SDWWHUQ WH[W
SULQW V VvV | Vv G G ?

SDWWHUQ WH[W PR JURXS
b+/abbcb =>"bb" (1, 3)
:bc*/abbcb =>"b" (1, 2)
‘b+c+ / abbcb => "bbc" (1, 4)

PR VWDUW PR HQG

(YHU\ SDUHQWKHVL]HG VXEH[SUBRXERQ LQ WKH 5( LV D

" *URXS LV WKH HQWLUH PDWFK

" TH[W WKDWZI.IW[&WBHIQGVKHVHV FRXQWLQU IURP OHIW LV JURXS
PR JURXSLY WKH WH[W WKDW PDWFKH GPWHKMHDWWLW G KVWXLEHH .S NWAMLIRWQ H G
(IWUDFWLQJ OLQH QXPEHUV LV QRZ HDV\

'LPSRUW V\V UH

VWDUW RI OLQH RSWLRQDO VSDFHV GLJLWV PRUH RSWLRQDO VSDFHYV

QXPEHUHG  A??V ??2G ??V
'VHHQ ~°
'IRU OLQH LQ V\V VWGLQ
? PR UH VHDUFK QXPEHUHG OLQH
LI PR
QXP PR JURXS
LI QXP LQ VHHQ
SULQW QXP
HOVH

VHHQ>QXP@ 7UXH

6R LV UHYHUVLQJ WZR FROXPQV RI

FR

QXPEHUV

RSWLRQDO VSDFHV QXPEHU UHTXLUHG VSDFHV QXPEHU RSWLRQDO VSDF

"GHI UHYHUVH LQVWUHDP RXWVWUHDP
‘ FROV  A??2V 22G 2?2V ?2?2G 2?2V
IRU OLQH LQ LQVWUHDP
PR UH PDWFK FROV OLQH

,, PDWFK UHYHUVH QXPEHUV
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D E PR JURXS PR JURXS
SULQW !l RXWVWUHDP V?W V E D

.l QR PDWFK HFKR OLQH ZLWKRXW DGGLQJ H[WUD QHZOLQH DW HQG
HOVH
SULQW !! RXWVWUHDP OLQH

LI BBQDPHBB BBPDLQBB

ILIWXUH ?
/HDGLQJ FRPPHQW IROORZHG E\ EODQN OLQH

W ?2W
2w
H[SHFWHG ?
/HDGLQJ FRPPHQW IROORZHG E\ EODQN OLQH
2W
2W
2W

IURP F6WULQJ,2 LPSRUW 6WULQJ,2

LQVWUHDP 6WULQJ,2 IL[WXUH

RXWVWUHDP 6WULQJ,2

UHYHUVH LQVWUHDP RXWVWUHDP

DVVHUW RXWVWUHDP JHWYDOXH H[SHFWHG

" 7KH UHJXODU H[SUHVVLRQ OLEUDU\ FRPSLOHVY SDWWHUQV LQWR D PRUI
(DFK UHJXODU H[SUHVVWLRIOVHHFWRPMW\H P DFKLQH
" /LEUDU\N IROORZV WKH DUFV LQ WKH )60 DV LW UHDGV FKDUDFWHUYV
'UDZLQJ )60V LV D JRRG ZD\ WR GHEXJ 5(V
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J)LIXUH 5HJXODU ([SUHVVLRQV DV )LQLWH 6WDWH ODFKLQHV

<RX FDQ LPSURYH D SURJUDP V SHUIRUPDQFH E\ FRPSLOLQJ WKH 5( RQI
' 8VWH FRPSLOH SDWWRHIHW WKH FRPSLOHG 5(

", WV PHWKRGYV KDYH WKH VDPH QDPHY DQG EHK®RGXEBH DV WKH IXQFWLRQV LQ
(J PDWFKHU VHDUFK NNMH/WHMRU PDWFKHV WR WKH 5( WKDWPDDWFRKRBSLOHG \
" ([DPSOH ILQG DOO 7LWOH &DVH ZRUGV LQ D GRFXPHQW

"GHIILQG$00 LQVWUHDP RXWVWUHDP
| PDWFKHU UH FRPSLOH ?7?E >$ =@>D |]@ ??E
IRU OLQH LQ LQVWUHDP
PR PDWFKHU VHDUFK OLQH
ZKLOH PR
| SULQW !! RXWVWUHDP PR JURXS
| PR PDWFKHU VHDUFK PR JURXS

" 1IRWLFH KRZ WKH IXQFWLRQ JHWYV DOO PDWFKHV
" 3 DWWHUQ FDSWXUHV ZKDW ZH ZDQW LQ JURXS DQG HYHU\WKLQJ HOVH RQ

(DFK WLPH WKHUH V D PDWFK FRQWLQXH WKH VHDUFK LQ WKH UHPDLQGHU
" 7THVWV DUH VWUDLJKWIRUZDUG

LI BBQDPHBB BBPDLQBB

1 IL[WXUH ?
7KLV KDV VHYHUDO 7LWOH &DVH ZRUGV
RQ (DFK /LQH 6RPH LQ SDUHQWKHVHV

‘ H[SHFWHG ?
7KLV

" 7LWOH

" &DVH

(DFK

/LQH

6RPH
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IURP F6WULQJ,2 LPSRUW 6WULQJ,?2

LQVWUHDP 6WULQJ,2 IL[TWXUH

RXWVWUHDP 6WULQJ,2

ILQG$OO LQVWUHDP RXWVWUHDP

DVVHUW RXWVWUHDP JHWYDOXH HISHFWHG

SULQW ,1387
SULQW IL[WXUH
SULQW 287387

: SULQW H[SHFWHG

import re

#- start:findAll
def findAll(instream, outstream):
matcher = re.compile("\b([A-Z][a-z]*)\\b(.*)")
for line in instream:
mo = matcher.search(line)
while mo:
print >> outstream, mo.group(1)
: mo = matcher.search(mo.group(2))
#- end:findAll

# startitest
if __name__ =="'__main__"

: fixture =™\
‘This has several "Title Case" words
‘on Each Line (Some in parentheses).

‘ expected ="\
This

Title

Case

'Each

Line

‘Some

from cStringlO import StringlO

instream = StringlO(fixture)

outstream = StringlO()

findAll(instream, outstream)

assert outstream.getvalue() == expected

print INPUT'

print fixture

print 'OUTPUT'
print expected
‘# end:test

" &RPSLOHG 5(V KDYH PDQ\ RWKHU XVHIXO PHWKRGV
" ,QFOXGLQJ RQH WKDW ILQGY DOO PDWFKHVY VR \RX GRQ W KDYH WR ZULWH W
' $00 DUH DOVR DYDLODEOH DVUWPRLGREMHO IXQFWLRQV LQ WKH

Method Purpose Example Result
VSOLWSOLW D VWWH @3S RIQVD ??2V ?2?V D E F G > D E F
SDWWHUQ G @
ILQGDX@QG DOO POWFKGEGDOO ??E>%$ =@>D |]@ 6RPH ZRBRBREWY LQ
IRU D SDWWHWDH &DVH 7LWOH

&DVH @
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VXE BbH5HSODFH PDMWFKXE ?2?G 180 N LV ,1 180 LV 180
ZLWK QHZ WH[W

7TDEOH 5HJXODU ([SUHVVLRQ 2EMHFW OHWKRGYV

" /JLNH VLQH DQG VRUWLQJ UHJXODU H[SUHVVLRQV DUH LQGHSHQGHQW R
" 5( OLEUDULHV H[LVW IRU & & -DYD 3HUO 5XE\ 0$7/$% «
6\QWD[ YDULHV VOLJKWO\ EXW WKH LGHDV DUH WKH VDPH
" ([DPSOH -MDDD XWLO WHFANDJH FRQWDLQV WZR FODVVHYV
SDWWHDQGRPSLOHG UHJXODU H[SUHVVLRQ
" ODWFKHMKH UHVXOW RI D PDWFK
7\SLFDO XVDJH

'SXEOLF VWDWLF 6WULQJ PDWFKOLGGOH 6WULQJ GDWD ~
1 BWULQJ UHVXOW QXOO
3DWWHUQ S 3DWWHUQ FRPSLOH D E_F G
ODWFKHU P S PDWFKHU GDWD
LI P PDWFKHV A
UHVXOW P JURXS

UHWXUQ UHVXOW

' 5(V DUH DFWXDOO\ EXLOW LQWR ODQJXDJHV OLNH 3HUO DQG 5XE\
-XVW DV GLFWLRQDULHY DUH EXLOW LQWR 3\WKRQ DQG DUUD\V LQWR 0$7/$Y¥
" 7\SLFDO 3HUO XVDJH

"'RSHQ 0%,/ PDLO W[W
' ZKLOH 0$%,/! ~
‘ LI QDPH YDOXH AS>SA @ " n
SULQW OHVVDJH KHDGHU QDPH LV YDOXH?Q

' *H YH RQO\ VFUDWFKHG WKH VXUIDFH
' 5HIJXODU H[SUHVVLRQV KDYH SURYHG WR EH WRR XVHIXO WR UHPDLQ FOHDQ
' 8V _+RU HLWKHU RU
'’ ©DE_FBDWFKHV BEVRKHAG
' ©D E_F BBWFKHV BEWRHLFG
' 8BVHOSDWAWR PDWFKIFRBFXWMUHQFHYV RI D SDWWHUQ
ORUH JHQWSD®OD PDWFKHV EBIW@BRBFXUUHQFHYV
' ©?G~ °"RDWFKHVRU EXW QFRRW
'HOO 2ZLPWWFK WKH ILUVW WKUHH FKDUDFWHUV RI
© %HXEGA?2GA  ZRQ W
' ORVW LPSRUWDQW WKLQJ LV WR EXLOG XS FRPSOH[ 5(V RQH VWHS DW LC
' "ULWH VRPHWKLQJ WKDW PDWFKHV SDUW Rl ZKDW \RX UH ORRNLQJ IRU
7HVW LW
$GG WR LW
7KDW V ZK\ WKH\ FDOO LW FRPSXWHU VFLHQFH LW V H[SHULPHQWDO
' YJRU D EURDGHU WDOVRDL@®O VHH >
JRU 3\WKRQ VSHFLILEPOWHZUDCFK OLIPH V 3\WKRQ 5HIJXODU ([SUHVVLRQ +2:72
' $QG LI \RX UH JRLQJ WR EH GRLQJ¥RROLRX\RBRWEBIOFKHFN RXW >
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Exercise 17.1:

%\ GHIDXOW UHJXODU H[SUBNNGWRQHPIDWFKHVHUWPHLQ WKH 5( PDWFKHYV DV PXFK C
DQG VR RQ $V D UHVXOW ©LI \RX D-SW®\ WKHH \BW DIQEI :E;: WKH ILUVW JURXS DIQEO |
'E DQG WKH VHFRQG JURXS ZLOO EH HPSW\

W V DOVR SRVVLEOH WHR{iBRKWIIHYW MRVEEKYH WKH SDUWV PDWFK DV OLWWOH DV
KRZ WR GR WKLV DQG WKHQ PRGLI\ WKH 5( LQ WKH SUHYLRXV SDUWDJDRSKWHKRH W |
VHFRQG JWDRYGS ;E;

WRS

Binary Data

'UDIW 9HUVLRQ

' $00 GDWD LV VWRUHG DV V DQG V
" % XW WKRVH V DQG V PD\ UHSUHVHQW
&KDUDFWHUV WKDW FDQ EH GLVSOD\HG DV WH[W
' BRPHWKLQJ HOVH
" 7KDW 3VRPHWKLQJ HOVH  LVELRQINVWOHEBWQJIJO\ FDOOHG
8VXDOO\ PHDQV 3DQ\WKLQJ \RX FDQ W PDQLSXODWH LW ZLWK D VWDQGDUG W
" K\ XVH LW"
" 6L]H
' LV E\WHV ORQJ
' 7KH  ELW LQWHJHU LW UHSUHVHQWV LV E\WHYV
' Y)DOVH.V E\WHV LV RQH ELW
6SHHG
' 7DNHV GR]JHQV RI RSHUDWLRQV WR DGG WKR WEW HRIGH WHISWHIWHH@QWHIG E\
+DUGZDUH LQWHUIDFHYV
' 6BRPHZKHUH VRPHWKLQJ KDV WR FRQYHUW WKH HOHFWULFDO VLJQDO IURP
' /IDFN Rl DQ\WKLQJ EHWWHU
W V SRVVLEOH WR UHSUHVHQW LPDJHV DV WH[W $6&,, DUW 3RVWGBFULSW
%XW VRXQG" 2U PRYLHV"
"$ ORW RI VFLHQWLILF GDWD LV VWRUHG LQ ELQDU\ IRUPDWYV
' PSRUWDQW WR NQRZ KRZ WR ZRUN ZLWK LW
%XW SOHDVH GRQ W ZULWH FRGH WR GR WKLV XQOHVV \RX DEVROXWHO\ KD\
*RRG OLEUDULHV H[LVW IRU ZRUNLQJ ZLWK HYHU\ LPDJH VRXQG DQG YLGH

" 3RVLWLYH QXPEHUV VWRUHG LQ EDVH IRUPDW
' LV 1 i i i
" &RXOG XVH VLIJQ DQG YDOXH IRU QHIJDWLYH QXPEHUV
' ZRXOG EH ZRXOG EH
%XW WKHQ WKHUH G EH WZR UHSUHVHQWDWLRQV RI JHUR DQG
" ORUH HIILFLRVQIR WREFRPHOHPHQW
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35R0O00 RYHU" ZKHQ JRLQJ EHORZ JHUR OLNH D FDU V RGRPHWHU
LV LV HWF

LV WKH PRVW QHIJDWLYHWKHWROW ISRNVUWLYH

$VI\PPHWULF WKHUH LV RQH PRUH QHJDWLYH QXPEHU WKDQ SRVLWLYH
" 6LQFH WKHUH KDV WR EH URRP IRU LQ WKH PLGGOH

ILNH PRVW ODQJXDJHV 3\WKRQ KDV IRXU RSHUDWRUV WKDW ZRUN RQ E
Name Symbol Purpose

Example
$QG LIl ERWK ELWYV DUH RWKHUZLVH
2U _ LI HLWKHU ELW LV
;RU A LI WKH ELWV DUH GLIITHUHQW LI WKH\ UH WKH VDPH
1R Wa J)OLS HDFK ELW a
7TDEOH

%LWZLVH 2SHUDWRUV LQ 3\WKRQ

1RWH WKH QDPH 3[RU” LV VKRUW IRU 3H[FOXVLYH RU" L H HLWKHU RU
&RPPRQ WR VWRUH VHYHUDO LQGHSHQGHQW \HV RU QR IODJV DV D VHW
" ([(DPSOH QHHG WR UHFRUG ZKHWKHU D VDPSOH FRQWDLQV DQ\ PHUFXU\

8VH ELW IRU PHUFXU\ ELW IRU SKRVSKRUXV ELW IRU FKORULQH

SKR

JLIXUH 8VLQJ %LWV WR 5HFRUG 6HWYV RI )ODJV

" '"HILQH FRQVWDQWYV WR WHVW IRU SDUWLFXODU HOHPHQWYV

- KH[ ELQDUN
0(5&85< [

'3+263+2586 [
&+/25,1( [

~ 6DPSOH FRQWDLQV PHUFXU\ DQG FKORULQH
'VDPSOH 0(5&85< _ &+/25,1(

'SULQW VDPSOH [ VDPSOH
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¢ &KHFN IRU YDULRXV HOHPHQWYV
'IRU I10ODJ QDPH LQ >>0(5&85< PHUFXU\ @
>3+263+2586 SKRVSKRUXV @
>&+/25,1( FKORULQH @@
LI VDPSOH IODJ
SULQW VDPSOH FRQWDLQV QDPH
HOVH
3 SULQW VDPSOH GRHV QRW FRQWDLQ QDPH
'sample: 0005
‘sample contains mercury
.sample does not contain phosphorus
:sample contains chlorine

' &DQ XVH DQG RU DQG QRW WR VHW VSHFLILF ELWV WR RU
© 7R VHWYKWR
' &UHDWH P IYDMDXEKLAKVELQG DOO RWKHUV DUH
' 8VH [ _ PDVN
7R VHWYRKwWR
' @UHDWH P IYDMDXEKLAKVELQG DOO RWKHUV DUH
' 1HIJDWH L& XRLWQKYELWKEHY DQG DOO WKH RWKHUV DUH
8VH [ PDVN

' BKLIWLQJ DQ LQWIHS®DFW \E ZW VOWMHEQ DV
(DFK OHIWZDUG VKLIW FRUUHVSRQGY WR PXOWLSO\LQJ E\
-XVW DV VKLIWLQJ D GHFLPDO QXPEHU OHIW FRUUHVSRQGV WR PXOWLSO\LQJ

" ([DPSOH LV RU ZKLFK LV
" 6KLIWLQJ D QXPEHU ULJKW FRUUHVSRQGV WR GLYLVLRQ E\ WKURZLQ.
' Lv ' RU ZKLFK LV

" 6KLIWLERPARYVH HIILFLHQW WKDQ PXOWLSOLFDWLRQ DQG GLYLVLRQ RQ P
" :KDW KDSSHQV LI WKH WRS ELW FKDQJHYVY YDOXH DV D UHVXOW RI D VKL

20 D ELW PDFKLQHQRWLV LV
6RPH PDFKLQHV SUHVHUYH WKH VLJQ ELW ZKHQ VKLIWLQJ GRZQ
' BR ¥ LQVWHDG RI

'HSHQGV RQ WKH KDUGZDUH EHLQJ XVHG

-DYD SURYLGHV D VHSDUDWH RSHUDWRU IRU WKLV

" )ORDWLQJ SRLQW QXPEHUVY DUH PRUH FRPSOLFDWHG
$ ELW IORDW KDV
2QH ELW IRU WKH VLJQ
' ELWV IRDOQWIR VDY DOXH

' ELWV |IR|BE REHQW
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YLIXUH YORDWLQJ 3RLQW 5HSUHVHQWDWLRQ

' 7KLV PHDQV WKDW \RX FDQ RQO\ UHSUHVHQW D IL[HG VHW RI YDOXHYV
' | WKH DFWXDO YDOXH LVQ W LQ WKDW VHW \RX PXVW VHWWOH IRU WKH FOR
' &RQVHTXHQFH YDOXHV DUH XQHYHQO\ VSDFHG
,PDIJLQH ZH RQO\ KDG ELWV IRU HDFK IORDWLQJ SRLQW QXPEHU VLIQ Pl
OHDQV OHVV DEVROXWH SUHFLVLRQ IRU QXPEHUV ZLWK ODUJHU PDJQLWXGH\

YJLIXUH 8QHYHQ 6SDFLQJ RI )ORDWLQJ 3RLQW 1XPEHUYV

" & RQVHTXHQFH URXQGRII HUURUYV
" 2XU VA\VWHP FDQ UHSUHVHQW DQG LW FDQ UHSUHVHQW 6 EXW QRW b
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6R LV QRW
$QG LI LV HYDOXDWHG OHIW WR ULJKW WKH DQVZHU LV VWLO
" 7KLVQIRWD QGRP
'’ +DSSHQV H[DFWO\ WKH VDPH ZD\ HYHU\ WLPH
%XWWMU\ KDUG WR UHDVRQ DERXW
'KLFK LV ZK\ SHRSOH JHW 3K ' V LQ QXPHULFDO DQDO\VLV

' 5HDG DQG ZULWH ELQDU\ GDWD XVLQJ VWDQGDUG ILOH PHWKRGYV
| UHDG UHDGV XS WR QH[W 1 E\WHYV
SHVXOW LV UHWXUQHG DV D VWULQJ EXW WKHUH V QR JXDUDQWHH LWV FR
,/ WKH ILOH LV HRQ¥M\ UHWXUQV
"I ZULWH VWULWHVY WKH E\WNWUQ WKH VWULQJ

" &DXWLRQ PXVW RISHIMU PRIGHIQG RZV
' LQSXW RSHQ ILOHQDPHDQGEVLPLODUO\ IRU RXWSXW
2WKHUZLVH WKH ORZ OHYHO URXWLQHV 3\WKRQ UHOQWR BRQLFR@MBHBW :LQGR
' «ZKLFK LV DQ XQNLQG WKLQJ WR GR WR DQ LPDJH
(I[IDPSOH RSHQ D ULOWMKMHWRQ
' GHQWLFDO RQ 8QL[ EXW GLIIHUHQW RQ :LQGRZV

‘LPSRUW V\V

'SULQW V\V SODWIRUP

'IRU PRGH LQ U UE

I RSHQ RSHQBELQDU\ S\ PRGH
\% I UHDG
| FORVH

. SULQW UHSU V

linux2

"import sys\nprint sys.platform\nfor mode i'

"import sys\nprint sys.platform\nfor mode i'

",Q & DQG )RUWUDQ DQ LQWHJHU LV D UDZ ELW YDOXH
" I1ZULWH DUUD\ VL]HRI LQW ZUDOHZULWH E\WH LOQWHIUHDWR OHRP DGGUHVYV
" 3\WKRQ -DYD DQG RWKHU ODQJXDJHV XVXDOO\ GRQ W XVH UDZ YDOXH
" 7TKHUH V QR JXDUDQWHH WKDW WKLQJY OLNH OLVWV DUH VWRUHG FRQWLJXR
«VR SURJUDPVSOHMHGBGWDIRLQWR FRQWLJIJXRXV E\WHV IRU ZULWLQJ«
«DQE&QSPWKRVH E\WHV WR UHFUHDWH WKH VWUXFWXUHYVY ZKHQ UHDGLQJ
" 3DFNLQJ ORRNV D ORW OLNH IRUPDWWLQJ D VWULQJ
" $ IRUPDW VSHFLILHVY WKH GDWD W\SHV EHLQJ SDFNHG LQFOXGLQJ VL]HV ZK
7KLV IRUPDW H[DFWO\ GHWHUPLQHY KRZ PXFK PHPRU\ LV UHTXLUHG E\ WKH S
7KH UHVXOW RI SDFNLQJ LV D FKXQN RI E\WHYV
6WRUHG DV D VWULQJ LQ 3\WKRQ
" %XW DV PHQWLRQHG DERYH LW V QRW D VWULQJ RI FKDUDFWHUYV

J)LIXUH 3DFNLQJ 'DWD
" 8QSDFNLQJ UHYHUVHV WKLY SURFHVYV
5HDG E\WHV IURP D 3VWULQJ" DFFRUGLQJ WR D IRUPDW
" 8VH WKH GDWD LQ WKHVH E\WHV WR FUHDWH 3\WKRQ GDWD VWUXFWXUHV
" SHWXUQ WKH UHVXOW DV D WXSOH RI YDOXHYV
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J)LIXUH 8QSDFNLQJ 'DWD

" 8VH 3\WKRMUXFR/GXOH WR SDFN DQG XQSDFN
SDFN IPW Y Y SOFNV WKH' YDOKMAF DFFRBWIWHMWXRQLQJ D VWULQJ
' XQSDFN IPW X@WSDFNV WKHVWDFFRY GLDOW WHRWXUQLQJ D WXSOH
FDOFVL]H IFWOFXODWHV KRZ ODUJH LQ E\WHWY WM\ EGHWD SURGXFHG XVLQJ
3DFNLQJ DQG XQ ®PORZNINPH D VH]H RSHUDWLRQV
" )RUPDW VSHFLILHUV

Format Meaning
F 6LQJOH FKDUDFWHU L H VWULQJ RI OHQJWK

% 8QVLJQHG ELW LQWHJIHU

K B6KRUW ELW LQWHJIHU

L ELW LQWHJHU

| ELW IORDW

G 'RXEOH SUHFLVLRQ ELW IORDW
BWULQJ RI IL[HG VL]H VHH EHORZ

7TDEOH JRUPDW 6SHFLILHUV LQ 3\WKRQ

' $Q\ IRUPDW FDQ EH SUHFHGHG E\ D FRXQW
" (J L LV IRXU LQWHJHUYV
OXVDVOZDASHFLI\ WKH VL]H Rl VWULQJV
' (J V IRUD FKDUDFWHU VWULQJ
2WKHUZLVH KRISDEMORZ KRZ PXFK GDWD WR XVH"
+RZ PXFK GDWD LV SDFNHG LV VSHFLILHG E\ WKH IRUPDW
&DQ SDFN WKH ORZHVW RU E®%WWURILDY W 8 VG R4 UMKHL QJ0 O

" ([DPSOH SDFN WZR LQWHJHUV XVLQJ RQO\ ELWV IRU HDFK

' LPSRUW VWUXFW

%IPW KK WZR ELW LQWHJHUV

1

%ELQDU\ VWUXFW SDFN IPW [ \
'SULQW ELQDU\ UHSUHVHQWDWLRQ UHSU ELQDU\

"QRUPDO VWUXFW XQSDFN IPW ELQDU\
'SULQW EDFN WR QRUPDO QRUPDO
‘binary representation: "\x1f\x00A\x00'

‘back to normal: (31, 65)

8K ZKDW V?[ $7]
.1 3\WKRQ ILQGV D FKDUDFWHU LQ D VWULQJ WKDW GRHVQ VK HKDGH DESWVBR W D

HVFDSH VHTXHQFH
8VHV WKH OHWWHUV $) RUD I WR UHSUHVHQW WKH GLJLWV IURP  WR

" 6R WKLV VWULQJ UHSUH¥YRQWV WKH IBXU H\W@V

I LV 1 RU
$6&,, FRGH IRU WKW OHWWHU
"1RWH WKDW WKH OHDVW VLJQLILFDQW E\WH RI WKH LQWHJHU FRPHYV ILI

7KLV LV 6DW WG DHEGLY XVHG E\ DOO ,QWHO SURFHVVRUV
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2WKHU FKLSV SXW WKH PRVW VLJQLILFDQW E\WH ILUVW ELJ HQGLDQ
,/ \RX PRYH GDWD IURP RQH DUFKLWHFWXUH WR DQRWKHU LW V \RXU UHVSR
" «<EHFDXWKH PDFKLQH GRHVQ W NQRZ ZKDW WKH E\WHV PHDQ

' LPSRUW VWUXFW

%SDFNHG VWUXFW SDFN F D E F G
' SULQW SDFNHG VWULQJ UHSU SDFNHG

%OHIW ULJKW VWUXFW XQSDFN KK SDFNHG
'SULQW DV WZR ELW LQWHJHUYV OHIW ULJKW

%DOO VWUXFW XQSDFN L SDFNHG
'SULQW DV D VLQJOH ELW LQWHJHU DOO > @

%IORDW VWUXFW XQSDFN | SDFNHG
ﬁSULQW DV D ELW IORDW IORDW > @
‘packed string: 'abcd’

-as two 16-bit integers: 25185 25699

-as a single 32-bit integer 1684234849

‘as a 32-hit float 1.67779994081e+22

&DQ EH YHU\ KDUG WR WUDFN GRZQ HUURUV LQ SDFNLQJ DQG XQSDFNL!
" 8QSDFNLQJ WKH ZURQJ W\SH RU WRR PDQ\ WRR IHZ YDOXHV SURGXFHV JDUE

+RZ WR VWRUH D YDULDEOH OHQJWK YHFWRU RI LQWHJHUV"
" 6WRUH WKH QXPEHU RI HOHPHQWYV LQ D IL[HG VL]H KHDGHU
" 7TKHQ VWRUH WKDW PDQ\ LQWHJHUV RQH E\ RQH

JLIXUH 3DFNLQJ D 9DULDEOH /HQJWK 9HFWRU

SDFNLQJ LV HDV\

‘GHI SDFN9HF YHF
: EXI VWUXFW SDFN L OHQ YHF
IRU Y LQ YHF
EXI VWUXFW SDFN L Y
UHWXUQ EXI

8QSDFNLQJ LV D OLWWOH KDUGHU
SVHFDOFVL]IH LQVWHDG RI KDUG FRGLQJ WKH QXPEHU
' ELW PDFKLQHY DUH RQ WKHLU ZD\«
" (DFK SDVV WKURXJK WKH XQSDFNLQJ ORRS KDYH WR VWHS XS WR WKH ULJKYV

'GHI XQSDFN9HF EXI

*HW WKH FRXQW RI WKH QXPEHU Rl HOHPHQWV LQ WKH YHFWRU
LQW6L]H VWUXFW FDOFVL]H L
FRXQW VWUXFW XQSDFN L EXI> LQW6LIH@ > @

*HW FRXQW YDOXHV RQH E\ RQH

SRV LQWGL]H

UHVXOW >@

IRULLQ UDQJH FRXQW
Y VWUXFW XQSDFN L EXI>SRV SRV LQW6L]H@
UHVXOW DSSHQG Y> @
SRV LQWGL]H

UHWXUQ UHVXOW
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' $QG WKHQ ZH WHVW

LI BBQDPHBB BBPDLQBB

WHVWYV >

>@

> @

> @

> @

IRUW LQ WHVWYV

V SDFN9HF W
Y XQSDFN9HF V
DVVHUW Y w

3UREOHP ZKDW LI \RX ZDQW WR SDFN VWULQJV EXW GRQ W NQRZ WKHI
6ROXWLRQ FUHDWH WKH IRUPDW VWULQJ RQ WKH IO\ DQG VDYH WKH V

' LPSRUW VWUXFW

iGHI SDFN6WULQJV VWULQJV
UHVXOW
IRU V LQ VWULQJV

OHQJWK OHQ V
IRUPDW L GV  OHQJWK
UHVXOW VWUXFW SDFN IRUPDW OHQJWK V

UHWXUQ UHVXOW

GHI XQSDFN6WULQJIV EXI

: LQW6L]IH VWUXFW FDOFVL]H L
SRV
UHVXOW >@
ZKLOH SRV OHQ EXI

OHQJWK VWUXFW XQSDFN L EXI>SRV SRV LQW6L]IH@ > @
SRV LQWG6L]H

IRUPDW GV OHQJWK

V VWUXFW XQSDFN IRUPDW EXI>SRV SRV OHQJWK@ > @
SRV OHQJWK

UHVXOW DSSHQG V

UHWXUQ UHVXOW

LI BBQDPHBB BBPDLQBB
‘ WHVWYV > D EFG @
IRULLQ UDQJH OHQ WHVWYV

W WHVWV> L @

EXIIHU SDFEN6WULQJV W
UHVXOW XQSDFN6WULQJV EXIIHU
DVVHUW UHVXOW W

JLWHUDOO\ 3GDWD DERXW GDWD’
GbDWD WKDW GHVFULEHYV RWKHU GDWD VXFK DV WKH GDWH LW ZDV FROC
‘KHQ FUHDWLQJ ELQDU\ ILOHV SXW D KHDGHU DW WKH VWDUW RI WKH |
FRQWDLQV
$GYDQWDJHYV

2QH SDUVHU KDQGOHY DOO GDWD ILOHYV

&DQ W ORVH WKH IRUPDW SURJUDPV FRPH DQG JR EXW GDWD LV IRUHYHU
'LVDGYDQWDJHV
60RZHU JHQHUDOLW\ DOZD\V LV
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" 5SHDGHU LV PRUH FRPSOLFDWHG WKDQ D VLQJOH VSHFLDO SXUSRVH UHDGHL
" «EXW VLPSOHU WKDQ WKH VXP RI DOO WKH VSHFLDO SXUSRVH UHDGHUYV \R>
" «DQG \RX RQO\ KDYH WR GHEXJ LW RQFH
" )LOHV KDYH D WKUHH SDUW VWUXFWXUH
" ,QWHJHU IL[HG VL]H UHFRUGLQJ WKH OHQJWK RI WKH PHWDGDWD
" OHWDGDEWWHY GHVFULELQJ WKH IRUPDW RI WKH UHFRUGY LQ WKH ILOH
" 7KH UHFRUGY WKHPVHOYHYV

JLIXUH 6WUXFWXUH RI D %LQDU\ )LOH :LWK OHWDGDWD

" 6WHS VWRUH D OLVW RI LGHQWLFDOO\ VWUXFWXUHG UHFRUGV WR D |

'GHI VWRUH RXWVWUHDP IRUPDW GDWD
‘ 6WRUH UHFRUGYV LQ D ILOH (DFK UHFRUG LV HLWKHU D OLVW RU D
WXSOH DOO UHFRUGV PXVW KDYH H[DFWO\ WKH VDPH IRUPDW

/IHQIJWK RI PHWDGDWD
V VWUXFW SDFN L OHQ IRUPDW
RXWVWUHDP ZULWH V

OHWDGDWD
RXWVWUHDP ZULWH IRUPDW

5HFRUGV
IRU G LQ GDWD
G >IRUPDW@ OLVW G %XLOG SDFN V DUJXPHQW OLVW
V VWUXFW SDFN G $SSO\ SDFN WR WKRVH DUJXPHQWYV

RXWVWUHDP ZULWH V

" IRWLFHVWRZKFW SNMFRDOOHG
" W WDNHV HDFK YDOXH WR EH SDFNHG DV D VHSDUDWH DUJXPHQW UDWKHU
" JLUVW DUJXPHQW KDV WR EH WKH IRUPDW
" 6R FUHDWH D OLVW ZLWK WKH IRUPDW DQGVWKMKFYD GRHEMWR EH SDFNHG D
" &RPPRQ SDWWHUQ ZKHQ XVLQJ YDULDEOH QXPEHU RI DUJXPHQWYV
" BWHS XQSDFN WKH EMWRVHUHDWHG E\
" 5HDG WKH VL]H RI WKH PHWDGDWD WKHQ WKH PHWDGDWD WKHQ WKH GDWD

' GHI UHWULHYH LQVWUHDP

5HWULHYH UHFRUGV IURP D ILOH ZKRVH IRUPDW LV
L OHQJWK RI PHWDGDWD

PHWDGDWD UHFRUG IRUPDW GHVFULSWRU
UHFRUGYV DFWXDO GDWD

/IHQIJWK RI PHWDGDWD

QXP%\WHV VWUXFW FDOFVL]H L

\% LQVWUHDP UHDG QXP%\WHV
IRUPDW/HQ VWUXFW XQSDFN L V > @

OHWDGDWD
IRUPDW LQVWUHDP UHDG IRUPDW/HQ
UHFRUG/HQ VWUXFW FDOFVL]H IRUPDW

5HFRUGYV

GDWD >@

V LQVWUHDP UHDG UHFRUG/HQ

ZKLOH V
DVVHUW OHQ V UHFRUG/HQ
G OLVW VWUXFW XQSDFN IRUPDW V
GDWD DSSHQG G
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\% LQVWUHDP UHDG UHFRUG/HQ

'RQH
UHWXUQ GDWD

IRWLFBDWKHIY WKH UHDGLQJ ORRS
'"HIHQVLYH SURJUDPPLQJ
" BWHS WHVW WKDW LW ZRUNV
-XVW DV LPSRUWDQW DV VWHSV DQG

LI BBQDPHBB BBPDLQBB
IURP F6WULQJ,2 LPSRUW 6WULQJ,2

WHVWYV >
> L >> @@ @

> L >> @ > Q@@

>V >>[\] Q@

>V >> DEF @ > GHI @@ @

> |V > > STU @@ @

> |V > > VWX @ > YZ] @ @ @

@

IRU IRUPDW GDWD LQ WHVWYV
RXWVWUHDP 6WULQJ,2
VWRUH RXWVWUHDP IRUPDW GDWD
LQVWUHDP 6WULQJ,2 RXWVWUHDP JHWYDOXH
GXS UHWULHYH LQVWUHDP
DVVHUW GDWD GXS

Basic XML and XHTML

'UDIW 9HUVLRQ

;0/ LV TXLFNO\ EHFRPLQJ WKH VWDQGDUG ZD\ WR VWRUH GDWD
" HE SDJHYV

" BSUHDGVKHHWYV
,PDJHV
$VWURQRPLFDO REVHUYDWLRQV
" %HZLOGHULQJ YDULHW\ RI WRROV IRU GHDOLQJ ZLWK LW
' $QG PRUH DSSHDULQJ HYHU\ GD\
" (YHQ VLPSOH WKLQJV FDQ EH WULFN\ WR GR ULJKW
*HQHUDOO\ DJUHHG WKDW VWDQGDUGY DUH PRUH FRPSOH[ WKDQ WKH\ VKRX(
«EXW QR DJUHHPHQW RQ ZKLFK ELWV VKRXOG KDYH EHHQ OHIW RXW
" ([DPLQH
7KH UXOHV IRU FUHDWLQJ OHJDO ;0/
7KH ;0/ FRPSOLDQW GLDOHFW RI +70/ IRU ZHE SDJHV
' 7KH VWDQGDUG 3\WKRQ OLEUDU\ IRU PDQLSXODWLQJ ;0/
' 1IRWH WKHUH DUH ORWV Rl RWKHUV HDFK ZLWK LWV VWUHQJWKYV
5HDGLQJ
2 DVWUR® LI DOO \RX FDUH DERXW LV +70/
' %DVWUR® LI \RX ZDQW WR NQRZ PRUH DERXW ;0/
' »DUROG@ LI \RX ZDQW WR EHFRPH DQ H[SHUW
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’ 6WDQGDUG *HQHUDOL]HG ODUNXS /DQJXDJH 6*0/
" 'HYHORSHG E\ &KDUOHV *ROGIDUE DQG RWKHUV DW ,%0
' $ ZD\ RI DGGLQJ LQIRUPDWLRQ WR PHGLFDO DQG OHJDO GRFXPHQWYV VR WKD

SHUVRQ UROH OLWLJDQW |
JLYHQ QDPH!&KDUOHV JLYHQ QDPH!
VXUQDPH!%DEEDJH VXUQDPH!

,,,,,,,, SHUVRQ
" $OORZV FRPSXWHUV WR UHOLDEO\ ILQG FDVHV LQ ZKLFK &KDUOHV %DEEDJ}
" /DUJH SDJH VSHF DQG FRPSOH]

’ 7LP %HUQHUV /HH FUHDWHYV +\SHU7H[W ODUNXS /DQJXDJH +70/ IRU
OXFK PXFK VLPSOHU WKDQ 6*0/
' $Q\RQH FRXOG ZULWH LW VR HYHU\RQH GLG
" 3UREOHP +70/ KDG D VPDOO IL[HG VHW RI WDJV
(YHU\RQH ZDQWHG WR DGG QHZ RQHV
6ROXWLRQ FUHDWH D VWDQGDUG ZD\ WR GHILQH D VHW Rl WDJV DQG WKH U
' ILUVW YHUVLRQ RI ;0/ LV VWDQGDUGL]HG
' $ VHW RI UXOHV IRU GHILQLQJ PDUNXS ODQJXDJHV
OXFK PRUH FRPSOH[ WKDQ +70/«
«EXW VWLOO PXFK VLPSOHU WKDQ 6*0/
'"1HZ YHUVLRQ RI +70/ FDOOHG ;+70/ ZzDV DOVR GHILQHG
' JLNH +70/ EXW REH\V DOO ;0/ UXOHYV
6WLOO D ORW Rl QRQ ;0/ FRPSOLDQW +70/ RXW WKHUH WKRXJK

" JRU RXU SXUSRVERF DEOARDQWDOQ Y HDAMBH [ W
)XOO VSHF DOORZV IRU HIWHUQDO HQWLW\ UHIHUHQFHV SURFHVVLQJ LQVWU
" (OHPHQWY DUH WKRZXW) XVLQJ
OXVW EH HQFORVHG LQ/DQJOH EUDFNHWYV
)XOO IRNUIPIQDPH!« WDJQDPH!
" 6KRUW IRUP LI WKH HOHPHQW GWBVQDPHRQWDLQ DQ\WKLQJ
" (OHPHQWY PXVW EH SURSHUO\ QHVWHG
", < VWDUWY LQVLGH ; < PXVW HQG EHIRUH ; HQGYV
" 6R 1« <l« <! :1'LV OHJDO«
«EXW!« <l« ;I <I'LV QRW
"(YHU\ GRFXPHQW PXVW KDYH D VLQJOH URRW HOHPHQW
", H D VLQJOH HOHPHQW PXVW HQFORVH HYHU\WKLQJ HOVH
6R WKH IROQRWIOHIDY® GRFXPHQW

ILUVW!
7KLV GRFXPHQW LV HPILOOHJDO HP!

. ILUVW!

. VHFRQG!

. EHFDXVH LW GRHV QRW KDYH D XQLTXH URRW HOHPHQW
VHFRQG!

" 7TH[W LV QRUPDO SULQWDEOH WH[W
OXVW XVH HVFDSH VHTXHQFHDW®R UHSUHVHQW
,Q ;0/ ZULQYIWHQ
Sequence Character
ow
JW !
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TXRW
DPS

7TDEOH &RPPRQ ;0/ (VFDSH 6HTXHQFHYV

" 6SHFLILF GLDOHFWYV RI ;0/ PD\ RU PD\ QRW UHVWULFW ZKLFK HOHPHQW!'

FDQ DSSHDU
;+70/ LV YHU\ OLEHUDO
' ODWKO/ ODWKHPDWLFDO ODUNXS /DQJXDJH LV VWULFWHU

" ORVW FRPPRQ XVH RI ;0/ LV VWLOO ;+70/ WKH ;0/ YHUVLRQ RI K\SHUWH|
" %DVLF WDJV

html Root element of entire HTML document.

body Body of page (i.e., visible content).

hl Top-level heading. Use h2, h3, etc. for second- and third-level headings.
p Paragraph.

em Emphasized text; browser or editor will usually display it in italics.

address Address of document author (also usually displayed in italics).

7TDEOH &RPPRQ ;+70/ 7DJV

" 1RWH ;+70/ LQFOXGHVY ERWK VHPDQWLFV 3:KDW GRHV WKLV PHDQ"" DC
"K OHYHO KHDGLQJL LWDBORBQWILW GLVSOD\
1RZ JHQHUDOO\ FRQVLGHUHG D EDG WKLQJ

'RFXPHQWY VKRXOG RQO\ FRQWDLQ VHPDQWLFV
" 'LVSOD\ RI WKDW VHPDQWLFV VKRXOG EH VSHFLILHG VHSDUDWHO\«

«VR WKDW GLIITHUHQW EURZVHUVY RU GHYLFHV FDQ GR LW GLIIHUHQWO\
" 6DPSOH GRFXPHQW

K I6RIWZDUH &DUSHQWU\ K !

- S!7KLV FRXUVH ZLOO LQWURGXFH HP!/HVVHQWLDO VRIWZDUH GHYHORSPHQMW
'DQG VKRZ ZKHUH DQG KRZ WKH\ VKRXOG EH DSSOLHG S!

DGGUHVV!I*UHJ :LOVRQ JYZLOVRQ#WKLUG ELW FRP DGGUHVV!
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YLIXUH 6LPSOH 3DJH 5HQGHUHG E\ )LUHIR]

YJLIXUH 6LPSOH 3DJH 5HQGHUHG E\ ,QWHUQHW ([SORUHU

(OHPHQWY PD\ DOMWRUKBEXWHYV
(DFK DWWULEXWH LV D QDPH YDOXH SDLU WKDW SURYLGHV H[WUD LQIRUPDW
' (QFORVHG LQ WKH RSHQLQJ WDJ
K1$ &HQWHUHG +HDGLQJ K !
" SI7TKLVY SODQHW SURYLGHG DV LV S!
(DFK QDPH PD\ DSSHDU DW PRVW RQFH
/LNH NH\V LQ D GLFWLRQDU\
" Sl« SILV LOOHJDO
IDOXHWBH TXRWHG
' 20G VW\OH +70/ RIWHQ DGBORZEGEWWLRRGHKWULQAEDUVHUY ZLOO UHMHFW LW
OXVW XVH HVFDSH VHTXHQFHYV IRU DQJOH EUDFNHWYV TXRWHV HWF LQVLG
6WULFWO\ VSHDNLQJ DWWULEXWHY DUH UHGXQGDQW
" &DQ DOzZD\V UH ZULWH ;0/ XVLQJ RQO\ HOHPHQWYV
" 8VXDOO\ PRUH W\SLQJ«
«EXW WKDW RQO\ PDWWHUYV LI \RX UH FUHDWLQJ WKH ;0/ E\ KDQG«
«DQG DQ LQFUHDVLQJ DPRXQW LV FUHDWHG E\ PDFKLQHV IRU PDFKLQHYV
With Attributes Without Attributes
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DE F! | DI
GH I ! DE!F DE!
D! .~ G! G H!l G H! G!

<RX VKRXOG XVH DWWULEXWHY ZKHQ

(DFK YDOXH FDQ RFFXU DW PRVW RQFH IRU DQ\ HOHPHQW
7KH RUGHU RI WKH YDOXHV GRHVQ W PDWWHU

7TKRVH YDOXHY KDYH QR LQWHUQDO VWUXFWXUH

.l \RX KDYH WR GR DQ\ VLJQLILFDQW ZRUN RQ DQ DWWULEXWH V YDOXH WR
LQVWHDG

:HOO ZULWWHQ +70/ ISHDIHHQ HLHYQHNVDD VERHQ O DV D
" &RQWDLQV PHWDGDWD DERXW WKH SDJH

Element Example Purpose

WLWOMWLWOBDIJH WLWOH IRU GLVSOD\ LQ WLWOH EDU RI EURZVHU ER
PHWD PHWD ,/QIRUPDWLRQ DERXW WKH GRFXPHQW W\SLFDOO\ WR KHQ

7TDEOH ORUH ;+70/ 7DJV

:HOO ZULWWHQ SDJHYVY DOVR XVH FRPPHQWYV MXVW OLNH FRGH
' QWURGXFH ZDWK HQG!ZLWK

WLWOH!&RPPHQWY 3DJH WLWOH!

PHWD QDPH DXWKRU FRQWHQW DWXULQJ !
KHDG!

ERG\!

+RXVH VW\OH SXWV DOO WLWOHV LQ LWDOLFV !
K!HPI!HOFRPH WR WKH &RPPHQWY 3DJH HP! K!

8SGDWH WKLV SDUDJUDSK WR GHVFULEH WKH IRUXP !
SI'HOFRPH WR WKH &RPPHQWYV )RUXP S!

ERG\!
0DQ\ RWKHU WDJV FDQ EH XVHG DQG DEXVHG LQ +70/ SDJHV
8VEKORU DQ XQRUGHUHG ERXGDROHWE GR UGBLHMUMH GD X PEHUHG RQH

'’ (DFK OLVW LWHP @V ZUDSSHG LQ

8VHVDEORU WDEOHYV

(DFK URZ LV ZUDIBBYHGWQEOH URZ’
:LWKLQ HDFK URZ FROXPQ LWHERW DWW ZOW SSTHEDL Q
1RWH WDEOHV DUH RIWHQ XVHG WR IRUFH PXOWL FROXPQ OD\RXW DV ZHO
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KHDG!

WLWOH!/LVWYV DQG 7TDEOHV WLWOH!

PHWD QDPH VYQ FRQWHQW ,G [PO VZF = JYZLOVRQ !
KHDG!
ERG\!

WDEOH FHOOSDGGLQJ ERUGHU !
WUu!
WG DOLJQ FHQWHU ! HPIS8QRUGHUHG /LVW HP! WG!
WG DOLJQ FHQWHU ! HPI2UGHUHG /LVW HP! WG!
WU !
WUu!
WG DOLJQ OHIW YDOLJQ WRS !
XO!
OL!+\GURJHQ OL!
OL!/LWKLXP OL!
OL!6RGLXP OL!
OL!3RWDVVLXP OL!
OL!I5XELGLXP OL!
OL!&HVLXP OL!
OL!)UDQFLXP OL!
XO!
WG!
WG DOLJQ OHIW YDOLJQ WRS !
RO!
OL!+HOLXP OL!
OL!1HRQ OL!
OL!$SUJRQ OL!
OL!.U\SWRQ OL!
OL!;HQRQ OL!
OL!5DGRQ OL!
RO!
WG!
WU !
WDEOH!

YLIXU

ERG\!
" 1RWH KRZ 6 XEYHUVLRQ NH\ZR®6WEBDHMHBDMHQLIXBREFPHQW KHDG
" $XWRPDWLFDOO\ XSGDWHG HDFK WLPH WKH GRFXPHQW LV FRPPLWWHG WR

"+RZ WR SXW DQ LPDJH LQ D SDJH"
" ;0/ GRFXPHQWY FDQ RQO\ FRQWDLQ WH[W VR \RX FDQ W VWRUH DQ LPDJH RU
" 8QOHVV \RX HQFRGH LW DV WH[W
' 8VXDO VROXWLRQ LV WR VWRUH D UHIHURMWMHIWR WKH H[WHUQDO ILOH XVLQ.
" 7TKWUBUJIXPHQW VSHFLILHYVY ZKHUH WR ILQG WKH LPDJH ILOH
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KHDG!

WLWOH! PDIJHV WLWOH!

PHWD QDPH VYQ FRQWHQW ,G [PO VZF = JYZLOVRQ
KHDG!
ERG\!

K I12XU /RIJIR K!
LPJ VUF LPJ VZFBORJR MSJ DOW >6RIWZDUH &DUSHQWU\ /RIR@ !

ERG\!

,PSRUWDQW WR DODZDWWNH XWKH WR VSHFLI\ DOWHUQDWLYH WH[W

" 6FUHHQ UHDGHUV IRU SHRSOH ZLWK YLVXDO KDQGLFDSV XVH WKLV LQVWHD

$QG LW V JRRG GRFXPHQWDWLRQ IRU VHDUFK HQJLQHV

" 2IWHQ WKH :RWKHU GDWD” \RX ZDQW WR FRQQHFW WR LV RWKHU +70/ ¢

7KLV LV ZKDW PDNHV LW K\SHUWH[W «
" 8VH VWOKIDHPHQW WR FUHDWH D OLQN

7KH WH[W LQVLGH WKH HOHPHQW LV GLVSOD\HG DQG XVXDOO\ XQGHUOLQ!

" TKKUHDWWULEXWH VSHFLILHY ZKDW WKH OLQN LV SRLQWLQJ DW
%RWK ORFDO ILOHQDPHY DQG 85/V DUH VXSSRUWHG

KHDG!

WLWOH!/LQNV WLWOH!

PHWD QDPH VYQ FRQWHQW ,G [PO VZF = JYZLOVRQ
KHDG!
ERG\!

K1!$ )HZ RI 0\ )DYRULWH 30DFHV K !

XO!
OL! D KUHI KWWS ZZZ JRRJOH FRP I*RRJOH D! OL!
OL! D KUHI KWWS Z7ZZ S\WKRQ RUJ I3\WKRQ D! OL!
OL! D KUHI KWWS ZZZ QDWXUH FRP LQGH[ KWPO !1DWXUH 2QOLQH D!
OL!([DPSOHV LQ WKLV OHFWXUH
XO!
OL! D KUHI FRPPHQWYV KWPO I&RPPHQWYV D! OL!
OL! D KUHI LPDJH KWPO !,PDJHV D! OL!
OL! D KUHI OLVWBWDEOH KWPO !//LVWV DQG 7DEOHYV D! OL!
XO!
oL!
XO!

ERG\!

oL

" 7KH ZHE LV QRW D SDUWLFXODUO\ IULHQGO\ SODFH LI \RX UH YLVXDOO\
6FUHHQUHDGHUYV KDYH D KDUG WLPH GHDOLQJ ZLWK ZHE SDJHV WKDW XVH JLU
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" 7RS $FFHVVLEOH :HE $XWKRULQGHBVBBWHHWVKDW \RX VKRXOG GR WR
DFFHVVLEOH
$00 RI WKHVH WKLQJY KHOS VHDUFK HQJLQHYVY DQG RWKHU DXWRPDWLF WRRC

" TKHREXPHQW 2EMHRW ORGBEGURVY ODQJXDJH VWDQGDUG IRU UHSUHVHC
(OHPHQWYV DWWULEXWHY DQG WH[W DOO UHSUHVHQWHG DV REMHFWV
BWUHQJIWKYV
' OXFK HDVLHU WR PDQLSXODWH WUHHV WKDQ VWULQJV
' 6DPH EDVLF PRGHO LQ PDQ\ GLIIHUHQW ODQJXDJHV ZKLFK ORZHUV WKH OH
"HDNQHVVHV

1HHGVY D ORW RI PHPRU\ IRU ODUJH GREXPHQWYV
' WV JHQHULF PRGHO GRHVQ W WDNH DGYDQWDJH RI WKH PRUH DGYDQFHG |
" ORVW SRSXODU DOWHWQOBWYOMHRVIBRY;, ;WKH
7XUQV DQ ;0/ GRFXPHQW LQWR D VWUHDP RI HYHQWYV
S3(OHPHQW HOHPHQW WH[W HOHPHQW WH[W«
' (DV\ WR GR YHU\ VLPSOH WKLQJV«
' «EXW DQ\WKLQJ FRPSOH[ UHTXLUHV WKH SURJUDPPHU WR UHLPSOHPHQW D V

" 3\WKRQ FRPHV ZLWK D VLPSOH LPSORIPH@RPWLRQ RI '20 FDOOHG
)DVW VWXUG\ DQG ZHOO GRFXPHQWHG«

«Ll \RX XQGHUVWDQG DOO WKH WHUPLQRORJ\ DQG NQRZ PRUH RU OHVV ZKD\

" (YHU\ '20 WUHH KDV D VLQJOH URRW UHSUHVHQWLQJ WKH GRFXPHQW D
'RHVQ W FRUUHVSRQG WR DQWWKH GRPBAXDHNQW DFWXDOO\
" 7KLY HOHPHQW KDV D VLQJOH FKLOG ZKLFK LV WKH URRW QRGH RI WKF
" 7KLY QRGH DQG RWKHU HOHPHQW QRGHYVY PD\ KDYH WKUHH W\SHV RI F
" 2WKHU HOHPHQWYV
7H[W QRGHV
SWWULEXWH QRGHYV
"(YHU\ QRGH NHHSVY WUDFN RI ZKDW LWV SDUHQW LV
' $OORZV SURJUDPV WR VHDUFK XS WKH WUHH DV ZHOO DV GRZQ
" ([DPSOH
XML DOM Tree
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i<root>
. <first>element</first>
<second attr="value">element</second>
i <third-element/>
</root>

Figure 19.6: A DOM Tree

1RWH LW V FRPPRQ WR IRUJHW WKDW WH[W DQG DWWULEXWHY DUH VW

6RPH RWKHU 3\WKRQ LPSOHPHQWDWLRQV RI '20 GRQ W ERWKHU
ODNH VLPSOH WKLQJV VLPSOHU«
«EXW RQO\ D OLWWOH ELW

8vXDO zD\ WR FUHDWH D '20 WUHH LV WR SDUVH D ILOH

| WKLV LV WKH ILOH

""[PO YHUVLRQ HQFRGLQJ XWI "1
 SODQHW QDPH OHUFXU\ !
SHULRG XQLWV GD\V ! SHULRG!
SODQHW!

3DUVH DQG SULQW OLNH WKLYV

'LPSRUW [PO GRP PLQLGRP

'GRF [PO GRP PLQLGRP SDUVH PHUFXU\ [PO
'SULQW GRF WR[PO XWI

‘<?xml version="1.0" encoding="utf-8"?>

.<planet name="Mercury">

. <period units="days">87.97</period>

</planet>

TKMWWR[PRHWKRG FDQ EH FDOOHG RQ WKH GRFXPHQW RU RQ DQ\ HOHPHC
1RWH WKDW ZHW SHM WKH FKDUDFWHU HQFRGLQJ
'20 WUHDHOZ DAWRUH WOILWRBMR ZKHQ \RX UH FRQYHUWLQJ WKH WUHH WR WH[W
UHSUHVHQW FKDUDFWHUYV

&DQ DOVR FUHDWH D WUHH E\ SDUVLQJ D VWULQJ
"RUNV MXVW OLNH SDUVLQJ D ILOH

' LPSRUW [PO GRP PLQLGRP

VUF SODQHW QDPH 9HQXV !
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SHULRG XQLWV GD\V 1 SHULRG!
SODQHW!

%GRF [PO GRP PLQLGRP SDUVHEWULQJ VUF
'SULQW GRF WR[PO XWI

‘<?xml version="1.0" encoding="utf-8"?>

<planet name="Venus">

. <period units="days">224.7</period>

</planet>

' LPSRUW [PO GRP PLQLGRP
%LPSO [PO GRP PLQLGRP JHW'20,PSOHPHQWDWLRQ

%GRF LPSO FUHDWH'RFXPHQW 1RQH SODQHW 1RQH
"URRW GRF GRFXPHQW(OHPHQW
"URRW VHWS$WWULEXWH QDPH obuv

%SHULRG GRF FUHDWH(OHPHQW SHULRG
"URRW DSSHQG&KLOG SHULRG

%WH[W GRF FUHDWH7H[W1RGH
'SHULRG DSSHQG&KLOG WHI[W

SULQW GRF WR[PO XWI
- <?xml version="1.0" encoding="utf-8"?>
<planet name="Mars"><period>686.98</period></planet>

[PO GRP PLQLERPHDOO\ MXVW D ZUDSSHU DURXQG RWKHU SODWIRUP VSHFLIL
' +DYH WR UHDFK LQVLGH LW DQG JHW WKH XQGHUGRRXPHEBMBHPHQWDWLRQ |
7KDW QRGH WKHQ NQRZV KRZ WR FUHDWH RWKHU HOHPHQWY LQ WKH GRFXF
JLEUDU\ H[SODLQV ZKDW WKH ILUFWWN D/ RFEIPHR W UJXPHQWYV WR
OLGGOH R ©HHDMMHORFXAHDQWW\SH RI HOHPHQW WKH GRFXPHQW V URRW QRG
' 6HW DWWULEXWHV RI HOHHW S\ W UQEGW\H OWWIULEXWHIDPH QHZ9DOXH
SHPHPEHU DOO DWWULEXWH YDOXHV DUH VWULQJV
" I \RX ZDQW WR VWRUH DQ LQWHJHU RU D %YRROHDQ \RX KDYH WR FRQYHUW
' $GG QHZ QRGHV WR H[LVWLQJ RQHV E\
$VNLQJ WKH GRFXPHQW WR FUHDWH WKH QRGH
$SSHQGLQJ LW WR D QRGH WKDW V DOUHDG\ SDUW Rl WKH WUHH
' 1IRWLFH WKDW WKH RXWSXW Rl WKH SUHFHGLQJ H[DPSOH ZDVQ W QLFH(
' 'H GLGQ W WHOO '20 WR FUHDWH WH[W QRGHV FRQWDLQLQJ FDUULDJH UHWX|
ORVW PDFKLQH JHQHUDWHG ;0/ GRHVQ W

" 2IWHQ ZDQW WR YLVLW HDFK QRGH LQ WKH WUHH
(J SULQW DQ RXWOLQH RI WKH GRFXPHQW VKRZLQJ HOHPHQW QHVWLQJ
" 6LPSOHVW ZD\ LV WR ZULWH D UHFXUVLYH IXQFWLRQ

' LPSRUW [PO GRP PLQLGRP

VUF VRODUV\VWHP!

. SODQHW QDPH OHUFXU\ ! SHULRG XQLWV GD\V ! SHULRG! SODQHW!
SODQHW QDPH 9HQXV ! SHULRG XQLWV GD\V ! SHULRG! SODQHW!
SODQHW QDPH (DUWK ! SHULRG XQLWYV GD\V ! SHULRG! SODQHW!

VRODUV\VWHP!
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' GHI ZDON7UHH FXUUHQW1RGH LQGHQW

VSDFHYV LQGHQW

LI FXUUHQWI1RGH QRGH7\SH FXUUHQWI1RGH 7(;7B12'(
SULQW VSDEHV  7(;7 G OHQ FXUUHQW1RGH GDWD

HOVH

SULQW VSDFHV FXUUHQW1RGH WDJ1DPH
IRU FKLOG LQ FXUUHQW1RGH FKLOG1RGHYV
ZDON7UHH FKLOG LQGHQW

%GRF [PO GRP PLQLGRP SDUVHEWULQJ VUF
§ZDON7UHH GRF GRFXPHQW(OHPHQW
.solarsystem
- TEXT (1)
. planet
i period
-~ TEXT (5)
- TEXT (1)
. planet
i period
-~ TEXT (5)
- TEXT (1)
. planet
period
~ TEXT (6)
L L
" 1RGH V W\SH LV VWRUHG LQ D PRREEAWGNDULDEOH FDOOHG
© (/(0(17B12'¢(;7B12'($775,%87(B122@80(17B12"'(
", D QRGH LV DQ HOHPHQW LWV FKLOGUBGIRGHVWRUHG LQ D OLVW FDOOHG
"' $ UHDG RQO\ VWUXFWXUH
" 6HH KRZ WR DGG GHOHWH DQG PRYH FKLOGUHQ LQ D PRPHQW
", D QRGH LV D WH[W QRGH WKBWM[W LV LQ WKH PHPEHU
" 7KH VLQJOH FKDUDFWHU WH[W QRGHY DUH WKH FDUULDJH UHWXUQV VHSDU
" 7UDYHUVLQJ D WUHH OLNH WKLYV LV MXVW RQH RI PDQ\ UHFXUULQJ SDW
" H OO GLVFXVV WxBFNADWHGOYROPZDUG DQG 6LGHZD\V
" TKBLVISDRMMWHUQ LV XVHG WR VHSDUDWH WUDYHUVDO RI D GDWD VWUXI
' 2QH FODVV WUDYHUVHY D SDUWLFXODU NLQG RI VWUXFWXUH WKH VDPH zZD\ }
" 8VHU WKHQ GHILQHV WKH RSHUDWLRQ
" '"HULYH D FODVV SDVV D IXQFWLRQ DV DQ DUJXPHQW HWF
"' 7KH IDFW WKDW WKLV FDQ EH GRQH LQ VHYHUDO GLIIHUHQW ZD\V LV ZKDW
" 6WHS GHILQH JHQHULF EHKDYLRU

'FODVV 9LVLWRU REMHFW

GHI BBLQLWBB VHOI
SDVV

GHI YLVLW VHOI QRGH
"KHQ JLYHQ WKH GRFXPHQW VNLS WR WKH URRW
LI QRGH QRGH7\SH QRGH '2&80(17B12'(
VHOI YLVLW QRGH GRFXPHQW(OHPHQW
UHWXUQ

+DQGOH RWKHU W\SHV RI QRGHYV
VHOI EHIRUH QRGH
VHOI DW QRGH
LI QRGH QRGH7\SH QRGH (/(0(17B12'(
IRU FKLOG LQ QRGH FKLOG1RGHYV
VHOI YLVLW FKLOG
VHOI DIWHU QRGH
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GHI GR1IRWKLQJ VHOI QRGH
SDVV

EHIRUH GR1IRWKLQJ
DW GR1IRWKLQJ
DIWHU GR1IRWKLQJ

SVHUVHDQWRU YIZVMWK WKH URRW QRGH RI WKH WUHH WKH\ ZDQW WR WUDY
2YHUULGH RQH RU PRUH RI WKH WKUHH GR QRWKLQJ PHWKRGV WR SHUIRUP
6WHS GHULYH D FODVV WKDW GRHV VRPHWKLQJ XVHIXO OLNH FRXQW KRZ |

'FODVV &RXQWHU 9LVLWRU

GHI BBLQLWBB VHOI
9LVLWRU BBLQLWBB VHOI
VHOI FRXQW

GHI DW VHOI QRGH
LI QRGH QRGH7\SH QRGH (/(0(17B12'(
VHOI FRXQW

' QLWLF[RO(I_QN’{R JHUR EHIRUH WUDYHUVLQJ

,QFUHPHQW WKH FRXQW DW HDFK HOHPHQW QRGH
" 6WHS WHVW

LI BBQDPHBB BBPDLQBB
; VUF D! EIF E!/ GIH G! I!J K!L I! D!
WUHH [PO GRP PLQLGRP SDUVHB6WULQJ VUF
F &RXQWHU
F YLVLW WUHH
DVVHUW F FRXQW

ORGLI\LQJ WUHHYV LQ SODFH LV D OLWWOH ELW WULFN\
" +HOSV WR GUDZ ORWV RI SLFWXUHYV
([DPSOH ZDBDI@®KWRAKH ILUVW ZRUG RI HDFK SDUDJUDSK
*HW WKH WH[W QRGH EHORZ WKH SDUDJUDSK
" 7DNH RIlI WKH ILUVW ZRUG
" ,QVHUW BRHOHPHQW ZKRVH RQO\ FKLOG LV D WH[W QRGH FRQWDLQLQJ WKD

J)LIXUH ORGLI\LQJ WKH '20 7UHH

$K EXW LW V QRW WKDW VLPSOH
' :KDW LI WKH ILUVW FKLOG RI WKH SDUDJUDSK DOUHDG\ KDV VRPH PDUNXS DL
(J ZKDW LI WKH SDUDJUDSK VWDUWYV ZLWK D OLQN"
&RXOG MXVW ZUDS WHKIH ILUVW FKLOG ZLWK
' %XW LI IRU H[DPSOH WKH OLQN FRQWDLQV VHYHUDO ZRUGV WKLV ZLOO O
'H OO0 LJQRUH WKLV SUREOHP IRU QRZ
JLUVW SDUW RI VROXWLRQ ILQG WECH AWHKGWSDAAD DQEES KW HKWDLWH RYHU W
<RX OO0 XVH WKLV PHWKRG D ORW«
'GHI HPSKDVL]H GRF
SDUDJUDSKV GRF JHW(OHPHQWV%\7DJ1DPH S
IRU SDUD LQ SDUDJUDSKYV
ILUVW SDUD ILUVW&KLOG
LI ILUVW QRGH7\SH ILUVW 7(;7B12'(
HPSKDVL]H7H[W GRF SDUD ILUVW

6HFRQG SDUW EUHDN WKH SDUDJUDSK WH[W LQWR SLHFHV DQG KDQGC
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" &UHDWH D QHZ QRGH IRU HDFK SLHFH
" 3XVK LW RQWR WKH IURQW RI WKH SDUDJUDSK V FKLOG OLVW
" 2QFH WKH\ YH DOO EHHQ KDQGOHG JHW ULG RI WKH RULJLQDO WH[W QRGH

'GHI HPSKDVL]H7H[W GRF SDUD WH[W1RGH

/IRRN IRU RSWLRQDO VSDFHVY D ZRUG DQG WKH UHVW RI WKH SDUDJUDS

P UH PDWFK U A ?V 2?6 °?E VWU WH[W1RGH GDWD
LI QRW P
UHWXUQ

OHDGLQJ6SDFH ILUVW:RUG UHVW2I7H[W P JURXSV
LI QRW ILUVW:RUG
UHWXUQ

I WKHUH V WH[W DIWHU WKH ILUVW ZRUG UH VDYH LW
LI UHVW2I7H[W
UHVW2I7H[W GRF FUHDWH7H[W1RGH UHVW2I7H[W
SDUD LQVHUW%HIRUH UHVW2I7H[W SDUD ILUVW&KLOG

(PSKDVL]H WKH ILUVW ZRUG
HPSK GRF FUHDWH(OHPHQW HP
HPSK DSSHQG&KLOG GRF FUHDWH7H[W1RGH ILUVW:RUG
SDUD LQVHUW%HIRUH HPSK SDUD ILUVW&KLOG

,/ WKHUH V OHDGLQJ VSDFH UH VDYH LW

LI OHDGLQJ6SDFH
OHDGLQJ6SDFH GRF FUHDWH7H[W1RGH OHDGLQJ6SDFH
SDUD LQVHUW%HIRUH OHDGLQJ6SDFH SDUD ILUVW&KLOG

*HW ULG RI WKH RULJLQDO WH[W
SDUD UHPRYH&KLOG WH[W1RGH

" 7TKLUG SDUW WHVW LW
" <HV LW UHDOO\ LV SDUW RI WKH SURJUDP

LI BBQDPHBB BBPDLQBB

VUF KWPO! ERG\!
SI)LUVW SDUDJUDSK S!
SI6HFRQG SDUDJUDSK FRQWDLQV HPIHPSKDVLV HP! S!
SI7TKLUG SDUDJUDSK  S!
ERG\! KWPO!

GRF [PO GRP PLQLGRP SDUVHEWULQJ VUF
HPSKDVL]H GRF

: SULQW GRF WR[PO XWI

‘<?xml version="1.0" encoding="utf-8"?>

<html><body>

'<p><em>First</em> paragraph.</p>

‘<p><em>Second</em> paragraph contains <em>emphasis</em>.</p>

‘<p><em>Third</em> paragraph.</p>

</body></html>

' 7ZKHUH V D ORW RI K\SH LQ K\SHUWH[W
' +DYHQ W \HW KHDUG DQ\RQH FODLP WKDW ;0/ ZLOO FXUH WKH FRPPRQ FROG
" BWUHQJIWKV
' 2QH VHW RI UXOHV IRU SHRSOH WR OHDUQ
'’ 2QH SDUVHU FDQ KDQGOH DOO RI WKHLU GDWD
' $W OHDVW WKH ORZ OHYHO VIQWDFWLF ELWV2VRMOO® QHHG WR ILIXUH RXW
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" :HDNQHVVHYV
5Dz ;0/ LV KDUG WR UHDG
" 3S3DUWLFXODUO\ LI LW KDV EHHQ JHQHUDWHG E\ D PDFKLQH
' $ ORW RI GDWD LVQ W DFWXDOO\ WUHHV
'KHQ VWRULQJ D ' PDWUL[ RU D WDEOH \RX KDYH WR RUJDQL]JH GDWD E\ UF
«HLWKHU RI ZKLFK PDNHV WKH RWKHU KDUG WR DFFHVV
" 7TKHUH DUH D ORW RI FRPSOLFDWLRQV DQG VXEWOHWLHYV
" ORVW DSSOLFDWLRQV LIQRUH PRVW RI WKHP
'KLFK PHDQV WKDW WKH\ IDLO XVXDOO\ EDGO\ ZKHQ FRQIURQWHG ZLWK VF
" /JLNH ,QJOLVK VSHOLQJ LW V KHUH WR VWD\
WRS

A Mini-Project

'UDIW 9HUVLRQ

' %HHQ WDONLQJ VLQFH WKH ILUVW OHFWXUH DERXW WKH LPSRUWDQFH |
UHSHWLWLYH WDVNV
' 7KLV OHFWXUH WDNHV D ORRN DW VRPH RI WKH WRROV XVHG WR PDQDJ
6KRZ WHFKQRORJLHYV OLNH ;0/ DQG UHJXODU H[SUHVVLRQV LQ DFWLRQ
' 6KRZ KRZ WR GHVLJQ VRPHWKLQJ VLPSOH DQG JURZ LW RYHU WLPH
" 6BWDUWLQJ SRLQW OHFWXUH VOLGHV DUH ZULWWHQ LQ D VLPSOH ;0/ IR
5RRW RI HDFK OGHW XOH P M @V LAL VKGGD WW ULEXWH V
' 0D\ FRQWDLQ RQWMRRBW FAHROHP HQ W V
OXVW KBDYWOWWULEXWH
' 0D\ RSWLRQDOGPRDVWWULEXWH XVHG WR FRQVWUXFW WKH VIOODEXV
' 7RSLFV FRQWDLQ \R@HS RHIOAHRPUHD W V
7KHVH FREWDLRU SEXOOHW OHYHO E" ! ZKQEKVRRR@WDLQ
' 0D\ DOVR FRQWDLQ WDEOHV LPDJHV DQG FRGH IUDJPHQWYV
' 2XU WDVN LV WR YDOLGDWH WKHVH ILOHV WR PDNH VXUH WKDW
7KH\ FRQWDLQ RQO\ SULQWDEOH FKDUDFWHUYV
7DEV KDYHQ W EHHQ XVHG IRU LQGHQWDWLRQ
" 7KH ,' LQ WIOHHB RFOMPHQW PDWFKHVY WKH ILOHQDPH
$00 WKH H[WHUQDO ILOHV WKH OHFWXUH UHIHUHQFHV VXFK DV LPDJHV DQG
' 6BROXWLRQ ZULWH D FRPPDQG OLQH XWLOLW\ WKDW
' 7ZDNHV D OLVW RI ILOHQDPHV DORQJ ZLWK
6RPH FRPPDQG OLQH IODJV VSHFLI\LQJ ZKLFK FKHFNV WR UXQ RU RPLW DQ
SHSRUWV DQ\ SUREOHPV
' <RX SUREDEO\ ZRQ W HYHU QHHG WR GR WKLV IRU OHFWXUH VOLGHV«
' «<EXW DW VRPH SRLQWLPRREUREFEBFN WKH LQWHJULW\ Rl GDWD ILOHV H[SF

" eWDUW ZLWK WKH VLPSOHVW WDVN FKHFNLQJ IRU WDEV LQ ILOHYV
"' 2SHQ HDFK ILOH LQ WXUQ
&KHFN HDFK OLQH IRU WDEV
1RWH FRXOG DOVR UHDG HQWLUH FRQWHQWYV RI ILOH LQWR D VWULQJ DQGC
", DQVIRXQG SULQW PHVVDJH
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XVU ELQ HQY S\WKRQ
&KHFN IRU WDEV LQ RQH RU PRUH ILOHYV
LPSRUW V\V

'GHI FKHFN7DEV ILOHQDPH
‘ /IRRN IRU WDEV
LQILOH RSHQ ILOHQDPH U
IRU OLQH LQ LQILOH UHDGOLQHYV
LI OLQH ILQG 2w !
SULQW V FRQWDLQV WDEV ILOHQDPH
EUHDN
LQILOH FORVH

LI BBQDPHBB BBPDLQBB
| IRU ILOHQDPH LQ V\V DUJY> @
FKHFN7DEV ILOHQDPH

' *UHDWZH[FHSW LW RQO\ ZRUNV RQ ILOHV
" &DQ W SLSH WKLQJVY WR LW EHFDXVH LW GRHVQ W NQRZ KRZ WR UHDG VWDQ
' PSOHPHQW WKH VWDQGDUG 8QL[ FRQYHQWLRQ LI QR ILOHQDPHV SURY
+P«V\V VWGLWDQ DOUHDG\ RSHQ ILOH QRW D ILOHQDPH
" &KDQJH VLIOBPKMEWH DR/ WDNH ERWK WKH ILOHQDPH DQG DQ RSHQ ILOH
ORYH WEHDQBORWHR WKH PDLQ ERG\

XVU ELQ HQY S\WKRQ
&KHFN IRU WDEV LQ RQH RU PRUH ILOHV RU RQ VWDQGDUG LQSXW
LPSRUW V\V

'GHI FKHFN7DEV ILOHQDPH LQILOH
‘ /IRRN IRU WDEV
IRU OLQH LQ LQILOH UHDGOLQHYV
LI OLQH ILQG 2?2W !
SULQW V FRQWDLQV WDEV ILOHQDPH
EUHDN

LI BBQDPHBB BBPDLQBB
‘ LI OHQ V\V DUJY
FKHFEN7DEV VWGLQ! V\V VWGLQ
HOVH
IRU ILOHQDPH LQ V\V DUJY> @
LQILOH RSHQ ILOHQDPH U
FKHFN7DEV ILOHQDPH LQILOH
LQILOH FORVH

'*UHDWZHWHSWINVGRHVQ\NUHSRUM/HUURUVOLNHPLVVU}JRUXQUHD(
' 3ULQWLQJ D VWDFN WUDFH GRHVQ W FRXQW
JL[ E\ ZUDSSLQJ WKH FRGH LQ DQ H[FHSWLRQ KDQGOHU
2Q0\ FDWFK WKH NLQGV RI H[FHSWLRQV ZH WKLQN DUH UHDVRQDEOH WR H[S!
,Q WKLYV, FWHR U
'RQ W ZDQW WKH HUURU KDQGOLQJ WR PDVN HUURUV WKDW ZH GLGQ W DQWL

XVU ELQ HQY S\WKRQ

: &KHFN IRU WDEV LQ RQH RU PRUH ILOHV RU RQ VWDQGDUG LQSXW DQG
"UHSRUW HUURUYV

LPSRUW V\V
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"GHI FKHFN7DEV ILOHQDPH LQILOH
f /IRRN IRU WDEV
IRU OLQH LQ LQILOH UHDGOLQHYV
LI OLQH ILQG 2w !

SULQW V FRQWDLQV WDEV ILOHQDPH
EUHDN
LI BBQDPHBB BBPDLQBB

WU\
LI OHQ V\V DUJY
FKHFN7DEV VWGLQ! V\V VWGLQ
HOVH
IRU ILOHQDPH LQ V\V DUJY> @
LQILOH RSHQ ILOHQDPH U
FKHFN7DEV ILOHQDPH LQILOH
LQILOH FORVH
H[FHSW ,2(UURU H
SULQW !! V\V VWGHUU H

1RWH FRXOG HTXDOO\ ZHOO SXW WKH H[FHSWLRQ KDQGOHU
" L, QVLGHOWMLQFH ZH GRQ W WKLQN , 2 HUURUV FDQ KDSSHQ ZKLOH UHDGLQ.
,QVLGHRWKR WKDW LI DQ HUURU RFFXUV ZKLOH UHDGLQJ RQH ILOH WKH SU

" 1RZ KRZ WR UXQ WKH YDOLGDWLRQ WRRO™"
S\WKRQ FKHFNBWDEV S\ ILOH LD O LARUN«
«EXW W\A\SLQJ LQ D EXQFK RI ILOHQDPHYVY HYHU\ WLPH ZRXOG EH DQQR\LQJ
:KLFK PHDQV WKDW ZH ZRXOGQ W GR LW DV RIWHQ DV ZH VKRXOG
"' $QG ZH NQRZ ZH UH JRLQJ WR KDYH RWKHU YDOLGDWLRQ WRROV WR UXQ DV
" 3IXW WKH FRPPDQG LQ D ODNHILOH
J0 LWV ZRUWK GRLQJ DJDLQ LW V ZRUWK DXWRPDWLQJ
"'LUHFWRU\ VWUXFWXUH RI WKH FRXUVH
"' $ URRW GLUHFWRU\
" 7KH ODNHILOH JRHV KHUH
OHFRU OHFWXUH DRWVOHW L Q
" XWLIRU XWLOLW\ SURJUDPV OLNH WKH YDOLGDWLRQ WRROV
LPJRU LPDJHYV
' PDJHVORFE [\] VZRR LQLWKH\]GLUHFWRU\
" VUFRU VRXUFH FRGH

VUF [\KROGV VDPSOH ILOHV IRU WKH ;<= OHFWXUH
" ODNHILOH UXQV WDEVEEKHBNMWU RQ DOO

5H PDNH HYHU\WWKLQJ XVHG LQ WKH 6RIWZDUH &DUSHQWU\ FRXUVH

iDOO
3 #HFKR RSWLRQV FOHDQ YDOLGDWH

FOHDQ
% #UP | a a a

'YDOLGDWH
| #S\WKRQ XWLO FKHFNBWDEV S\ OHF VZF

1RWH DOVRFDGEGMBUDHW WKDW JHWV ULG RI HGLWRU EDFNXS ILOHVY HQGLQJ
' $QG D GHIDXOW WOOWKDW DOOWE® WKH WKLQJVY WKH ODNHILOH FDQ GR
" SBHPHPEHU #WIKHIURQW RI WKH FRPPDQGYVY PHDQV 3RQ W HFKR WKH FRPPDQG
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1H[W RQ WKH OLVW PDNH VXUH WKDW ILOHV RQO\ FRQWDLQ SULQWDEO

, H ZKLWHVSDFH DOSKDQXPHULF DQG SXQFWXDWLRQ

6RPH HGLWRUV LQVHUW 3VPDUW" FXUO\ TXRWHR HDDXFN RPDWLFDOO\ FR(

%XW RWKHU HGLWRUV FDQ W GLVSOD\ WKHVH
6R GLVDOORZ WKHP DQG UHTXLUH DXWKRUV WR XVH ;0/ HVYFDSH VHTXHQFHV

6ROXWLRQ PDNH VXUH HYHU\ PKVDUIDFWSULOQQVIWKGIHILOH LV LQ

&RQWDLQV OHWWHUV GLJLWV VSDFHV DQG FRPPRQ SXQFWXDWLRQ
(DVLHU WR XVH WKLV WKDQ WR ZULWH RXU RZQ UHJXODU H[SUHVVLRQ

6KRXOG ZH DGG WKLV IXQFWLRQ WR WKH H[LVWLQJ YDOLGDWLRQ SURJL

7KH IRUPHU OHWV WKH FKHFNLQJ IXQFWLRQV VKDUH WKH FRGH WKDW RSHQV
7KH ODWWHU PDNHV LW HDVLHU WR UH XVH WKH SLHFHVY VHSDUDWHO\

6ROXWLRQ SXW WKHP LQ WKH VDPH SURJUDP DQG SURYLGH FRPPDQG

OLJKW EH SKLORVRSKLFDOO\ SXUHU WR KDYH WKH IODJV WXUQ WHVWYV RQ«
«EXW WKH QRUPDO FDVH LV JRLQJ WR EH UXQ WKHP DOO

3DUVH FRPPDQG OLQH RISHWWLRERGXWDIHQJ WKH

JLUVW DUJXPHQW LV WKH OLVW RI FRPPDQG OLQH DUJXPHQWYV WR SDUVH
1RW LQFOWGRQJIY> ZKLFK LV WKH QDPH Rl WKH SURJUDP

6HFRQG LV D VWULQJ WHOOLQJ LW ZKDW IODJV WR ORRN IRU DQG ZKHWKHU
D EFGPHDQV 2 D DQG G KDYH DQ DUJXPHQW E DQG F GRQ W~

GR3ULQWDEOH 7TUXH

GR7DEV 7UXH

VHWWLQJV ILOHQDPHYV JHWRSW JHWRSW V\V DUJY> @ SW
IRU RSW DUJ LQ VHWWLQJV

LI RSW S
GR3ULQWDEOH )DOVH
HOLI RSW W

GR7DEV )DOVH

+DYH WR PDNH DQRWHKHUW NKDEMH WR

W DRXGFN3ULQVQHE®BHWR SURFHVV WKH VDPH GDWD
6R QHLWKHU FDQ UHDG WKDW GDWD LQ IURP WKH ILOH
8QOHVYV ZH ZDQW WR RSHQ DQG UHDG WKH ILOH WZLFH
6ROXWLRQ VHSDUDWH LQSXW SURFHVVLQJ DQG RXWSXW
" ODLQ ERG\ UHDGV GDWD DQG FDOOV YDOLGDWLRQ IXQFWLRQV

LI QRW ILOHQDPHYV
OLQHV V\V VWGLQ UHDGOLQHYV
FKHFN7DEV VWGLQ! OLQHYV
FKHFN3ULQWDEOH VWGLQ! OLQHV
HOVH
IRU ILOHQDPH LQ ILOHQDPHV
LQILOH RSHQ ILOHQDPH U
OLQHV LQILOH UHDGOLQHV
LQILOH FORVH
FKHFN7DEV ILOHQDPH OLQHV
FKHFN3ULQWDEOH ILOHQDPH OLQHYV
H[FHSW ,2(UURU H
SULQW !! V\V VWGHUU H

'GHI FKHFN7DEV ILOHQDPH OLQHV
f /IRRN IRU WDEV
IRU OLQH LQ OLQHYV
LI OLQH ILQG 2?2W !
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" $QGEKHFN3ULQWNMECAHSOH DV ZHOO

"GHI FKHFN3ULQWDEOH ILOHQDPH OLQHV
f /RRN IRU QRQ SULQWDEOH FKDUDFWHUYV
IRU OLQH LQ OLQHYV
IRU F LQ OLQH
LI F QRW LQ VWULQJ SULQWDEOH
SULQW V FRQWDLQV QRQ SULQWDEOH FKDUDFWHUV ILOHQDF
SULQW OLQH

" &RXUVH KDV D JORVVDU\ WKDW GHILQHVY QHZ RU XQXVXDO WHUPV
' (QWULHV LQ OHFWXUHG DUH IRAPPOVDEIDE DWPXWDEOH G!
' G !IRU 3GHILQLWLRQ’
' UHDWWULEXWH LV WKH WHUP WKDW DSSHDUV LQ WKH JORVVDU\
' &RQWDLQHG WH[W LV GLVSOD\HG LQ OLQH
' *ORVVDU\ LV VWUXFWXUHG OLNH WKLYV
""" JORVVDU\I
JORVVVHF WLWOH § !
JORVVLWHP LG DEVROXWHBSDWK WHUP DEVROXWH SDWK ! GHILQLW
JORVVLWHP LG DEVWUDFWBGDWDBW\SHY WHUP DEVWUDFW GDWD W\S
JORVVLWHP LG DFFHVVBFRQWURO WHUP DFFHVV FRQWURO ! JORV\

JORVVLWHP LG DXWRPDWLFBYDULDEOHYVY WHUP DXWRPDWLF YDULDEO
JORVVVHEF!

JORVVDU\!

" *RDO PDNH VXUH HYHU\ WHUP LV GHILQHG RQFH DQG RQO\ RQFH
" 5HDG LQ WKH JORVVDU\
" SHFRUG WKH LWHP ,'V
" 5BHDG D VHW RI ILOHV PDUNLQJ LWHPV DV WKH\ UH VHHQ
", DQ LWHP KDV DOUHDG\ EHHQ PDUNHG UHSRUW WKH GXSOLFDWLRQ
"' $W WKH HQG ORRN IRU LWHPV WKDW KDYHQ W EHHQ PDUNHG RII
" +P«ZKDW KDSSHQV LI ZH UH RQO\ FKHFNLQJ RQH ILOH"
" :DQW WR EH DEOH WR VXSSUHVV WKH FKHFN IRU DOO LWHPV EHLQJ PDUNHG |
" 6R QHHG WZR 10DJV
" 2QH WR VSHFLI\ WKH QDPH RI WKH JORVVDU\ ILOH VR ZH GRQ W WU\ WR UH
" 2Q0H WR WXUQ RIIl WKH FKHFN IRU DOO LWHPV EHLQJ PDUNHG RII

JORVVDU\ 1RQH

GR*ORVVDU\&RPSOHWH 7TUXH

GR3ULQWDEOH 7TUXH

GR7DEV 7UXH

VHWWLQJV ILOHQDPHYVY JHWRSW JHWRSW V\V DUJY> @ * JSW
IRU RSW DUJ LQ VHWWLQJV

LI RSW *
JORVVDU\ DUJ
HOLI RSW J
GR*ORVVDU\&RPSOHWH )DOVH
HOLI RSW S
GR3ULQWDEOH )DOVH
HOLI RSW wW

GR7DEV )DOVH

" 1RWH LI QR JORVVDU\ ILOH VSHFLILHG GRQ W FKHFN JORVVDU\ LWHPV DW D
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' 1RZ KDYH HQRXJK ORJLF WKDW LW V ZRUWK UHRUJDQL]LQJ WKH PDLQ S
' | QR ILOHQDPHV VSHFLILHG VHWWAKGLQLW®V Rl ILOHQDPHV WR
' tULWH D IXGIPWB)R@R RSHQ DQG UHDG D ILOH
' I WKH IXQFWLRQNVGRPH. WUHDGW IVRBLQ

' +DYH IXQFWLRQ IXQFWLRQ UHWXUQ ERWK D OLVW Rl OLQHV DQG WKH :0/ '2
' *H QHHG WKH ILUVW WR FKHFN IRU WDEV DQG SULQWDEOH FKDUDFWHUV DC
' ORGLILHG SURFHVVLQJ FRGH LQFOXGHYV FKHFNV IRU ZKDW WR GR ZLWK WKH J

LI JORVVDU\
JORVVDU\ UHDG*ORVVDU\)LOH JORVVDU\
LI QRW ILOHQDPHYV
ILOHQDPHV > VWGLOQ! @
IRU ILOHQDPH LQ ILOHQDPHYV
OLQHV GRF UHDG)LOH ILOHQDPH
FKHFN7DEV ILOHQDPH OLQHV
FKHFN3ULQWDEOH ILOHQDPH OLQHYV
LI JORVVDU\
FKHFN*ORVVDU\ ILOHQDPH GRF JORVVDU\
LI JORVVDU\ DQG GR*ORVVDU\&RPSOHWH
FKHFN*ORVVDU\&RPSOHWH JORVVDU\
H[FHSW ,2(UURU H
SULQW !! VAV VWGHUU H
H[FHSW [PO SDUVHUV H[SDW ([SDW(UURU H
SULQW !! VAV VWGHUU H

" 7TKHQ ZUHWG)LOH

'GHI UHDG)LOH ILOHQDPH

LI ILOHQDPH VWGLQ!
GDWD V\V VWGLQ UHDG
HOVH

LQILOH RSHQ ILOHQDPH U
GDWD LQILOH UHDG
LQILOH FORVH
LQILOH F6WULQJ,2 6WULQJ,2 GDWD
OLQHV LQILOH UHDGOLQHV
GRF [PO GRP PLQLGRP SDUVH6WULQJ GDWD
UHWXUQ OLQHV GRF

" TKUHH IXQFWLRQV OHIW WR ZULWH
" UHDG*ORVVDWXLOKWY D GLFWLRQDU\ ZKRVH NH\V DUH WKH WHUPV GHILQHG L
" ODOXHUUBPOQHRU QRZ2VHH ZK\ LQ D PRPHQW

GHI UHDG*ORVVDU\)LOH ILOHQDPH
LI ILOHQDPH LV 1RQH
UHWXUQ 1RQH
LQILOH RSHQ ILOHQDPH U
GRF [PO GRP PLQLGRP SDUVH LQILOH
WHUPV GRF JHW(OHPHQWV%\7DJ1DPH JORVVLWHP
UHVXOW ~°
IRU WHUP LQ WHUPV
W VWU WHUP JHWSWWULEXWH LG
UHVXOW>W@ 1RQH
UHWXUQ UHVXOW

FKHFN*ORVSDRFHVVHYVY XVHV RI JORVVDU\ WHUPV LQ D VLQJOH OHFWXUH ILOF
" BHFRUGV WKH QDPH RI WKH ILOH LQ ZILAFKVRAH WHRPDNSSHDUV LQ WKH
", VRPH RWKHU ILOHQDPH LV DOUHDG\ WKHUH UHSRUWY GXSOLFDWH GHILQ

'GHI FKHFN*ORVVDU\ ILOHQDPH GRF JORVVDU\
| GHIQV GRF JHW(OHPHQWV%\7DJ1DPH G
IRU GHIQ LQ GHIQV
G VWU GHIQ JHW$SWWULEXWH UHI
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LI'G QRW LQ JORVVDU\

SULQW WHUP V LQ V PLVVLQJ IURP JORVVDU\ G ILOHQDPH
HOLI JORVVDU\>G@ LV QRW 1RQH

SULQW WHUP V GHILQHG LQ V DQG V G ILOHQDPH JORVVDU
HOVH

JORVVDU\>G@ ILOHQDPH

FKHFN*ORVVDU\&FU:‘l%FU\H)WIHRU JORVVDU\ HQWULHV ZLWKRXW DVVRFLDWHG ILO}
, H WHUPV WKDW DUH LQ WKH JORVVDU\ EXW DUHQ W KLJKOLJKWHG DQ\Zk

"'GHI FKHFN*ORVVDU\&RPSOHWH JORVVDU\
‘ XQXVHG >@
IRUJ LQ JORVVDU\
LI JORVVDU\>J@ LV 1RQH
XQXVHG DSSHQG J
LI XQXVHG
XQXVHG VRUW
SULQW XQXVHG WHUPV
IRU X LQ XQXVHG
SULQW ?W V X

' IDVW WDVN IRU QRZ FKHFN H[WHUQDO ILOHV
(YHU\ FRGH IUDJPHQW DQG LPDJH WKDW V UHIHUHQFHG PXVW H[LVW
(YHU\ FRGH ILOH DQG LPDJH PXVW EH UHIHUHQFHG
' 2EYLRXV RSSRUWXQLWLHV IRU DEVWUDFWLRQ
' *HW WKH VHW RI ILOHV LQ D GLUHFWRU\
*HW WKH VHW Rl ILOHV UHIHUHQFHG LQ WKH OHFWXUH ILOH
SHSRUW GLIIHUHQFHV LQ ERWK GLUHFWLRQV
' JROORZ WKH SDWWHUQ XVHG IRU FKHFNLQJ WKH JORVVDU\
', GLWSHFLILHV WKH URRW GLUHFWRU\ IRU LPDJHV
. QRQH SURYLGHG GRQ W FKHFN LPDJHV
' & GLVSHFLILHV WKH URRW GLUHFWRU\ IRU FRGH IUDJPHQWYV
' 8VH WKH YDOXH R L @DRHWQHEWWHBHMR GHWHUPLQH ZKLFK SDUWLFXODU VXEGLL
1R SRLQW KDYLQJ D 3GRQ W ERWKHU WR FKHFN FRPSOHWHQHVV' RSWLRQ

' $GG RSWURIQAR WR JHWRGEMWQJ DQG IRXU PRUH OLQHV WR WKH PDLQ SURF

LI FRGH5RRW'LU

FKHFEN)LOHV ILOHQDPH GRF FRGHS5RRW'LU FRGH VUF
LI LPDIJH5RRW'LU

FKHFN)LOHV ILOHQDPH GRF LPDJH5RRW'LU LPJ VUF

' ULWHHFN)LOHV
' &RQVWUXFW WKH SDWK WR WKH GLUHEWRU\
J)LQG RXW ZKDW LW FRQWDLQV
6XEWUDFW W K L\QYJG LOLHNFHNVR K H
' 1IRWH KRZ ZH YH OHIW URRP IRU RWKHU WKLQJV WR EH H[FOXGHG"
J)LQG RXW ZKDW V XVHG LQ WKH GRFXPHQW
8VLQBSHWXWRPDWLFDOO\ KDQGOHYV PXOWLSOH UHIHUHQFHV WR D VLQJOH VI
' 5BHO\ RQ VHW VXEWUDFWLRQ WR ILQG GLIIHUHQFHYV

'GHI FKHFN)LOHV ILOHQDPH GRF URRW'LU HOW1DPH DWWULDPH

'KDW VKRXOG ZH LJQRUH"
([FOXGHV > VYQ @

JLQG RXW ZKHUH ZH UH VXSSRVHG WR ORRN
GRF,G VWU GRF GRFXPHQW(OHPHQW JHWSWWULEXWH LG
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GLU RV SDWK MRLQ URRW'LU GRF,G

LI QRW RV SDWK LVGLU GLU
SULQW !! VIV VWGHUU OLVVLQJ GLUHFWRU\ V GLU
UHWXUQ

J)LQG RXW ZKDW V WKHUH WKDW ZH FDUH DERXW
DFWXDO 6HW RV OLVWGLU GLU
IRU H LQ ([FOXGHV
DFWXDO GLVFDUG H

JLQG ZKDW V XVHG LQ WKH GRFXPHQW
HOWYV GRF JHW(OHPHQWV%\7DJ1DPH HOWI1DPH
UHIHUHQFHG 6HW
IRUHLQ HOWYV
LI H KDVSWWULEXWH DWWU1DPH
UHIHUHQFHG DGG VWU H JHW$WWULEXWH DWWU1DPH

6KRZ GLIIHUHQFHV LI DQ\
VKRZ'LIl ILOHQDPH GLU QRW IRXQG UHIHUHQFHG DFWXDO
VKRZ'LIl ILOHQDPH GLU XQXVHG DFWXDO UHIHUHQFHG

'GHI VKRZ'LIl ILOHQDPH GLU WLWOH YDOXHV
‘ LI OHQ YDOXHV
SULQW V IRU ILOH V DQG GLUHFWRU\ V WLWOH ILOHQDPH GL
IRU Y LQ YDOXHV
SULQW ?2W V \4

' )W WRRN DQ KRXU WR ZULWH DQG GHEXJ WKLV FRGH
'’ BWDUWHG ZLWK VRPHWKLQJ VLPSOH
7HVWHG HYHU\WKLQJ DV , ZURWH LW
JRXQG DQG IL[HG HUURUV LQ WKH OHFWXUH QRWHV
' 1RZ WPSOHNH FOBRBDNH YDOLEBMRWH GRLQJ D FRPPLW
' (QVXUHV WKDW ZKDW JRHV LQWR WKH UHSRVLWRU\ KDV DW OHDVW VRPH FKD
' (QVXUHV WKDW ZKDW RWKHU SHRSOH DGG WR WKH FRXUVH ZLOO FRQIRUP WF
' &RXUVH PDWHULDOV LQFOXGH VHYHUDO RWKHU WRROV
5H UXQ VDPSOH SURJUDPV DQG FKHFN WKDW WKH RXWSXW VWRUHG LQ WKH C
' 7JUDQVODWH OHFWXUH QRWHV JORVVDU\ DQG ELEOLRJUDSK\ LQWR +70/
' ((WUDRWPDYDOXHV |URWRSBLFKIOHPHQW WR FUHDWH +70/ YHUVLRQ RI FRXUVH '
(WF
' RODUN@ GLVFXVVHV RWKHU WKLQJV \RX FDQ GR WR DXWRPDWH URXWL
' 3UHYHQWYV \RXU SURMHFW PDWHULDOV IURP UXVWLQJ
"KLFK PDNHV WKRVH PDWHULDOV HDVLHU WR VKDUH
$QG JLYHV \RX KLJKHU FRQILGHQFH WKDW WKH\ UH ZRUNLQJ FRUUHFWO\
' *LYHV \RX PRUH WLPH WR FRQFHQWUDWH RQ WKLQJV WKDW DFWXDOO\ UHTXL

Exercise 20.1:

'KDW GRHHWRGEW ZKHQ LW HQFRXQWHUV DQ DUJXPHQW LW GRHVQ W UHFRJQL]JH" :|
EHKDYLRU WKDW FDQ EH UXQ RQ LWV RZQ ZLWKRXW WKH XVHU SDVVLQJ LQ DQ\

WRS
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Relational Databases

'UDIW 9HUVLRQ

' )ODW WH[W DQG ;0/ ERWK KDYH WKHLU SODFH EXW PRVW RUMXHNGR QYD

GDWDEDVHYV
2ULJLQDWHG ZLWK () &RGG V ZRUN LQ WKH ODWH V DQG HDUO\ \%
%\ WKH V 2UDFOH DQG ,%0 V '% GRPLQDWHG WKH PDUNHW
2SHQ VRXUFH DOWHB4DYERWHW JOUIHMBHUJHG LQ WKH \%
64/LWRIIITHUV D OLIJKWZHLJKW DOWHUQDWLYH IRU VPDOO MREV
" 2ULJLQDOO\N GHVLIJQHG IRU XVH LQ VPDOO ZHE VLWHYV

" 6WRUHV HQWLUH GDWDEDVH LQ D VLQJOH ILOH RQ GLVN ZKLFK VLPSOLILHYV

" 7KH EDG QHZV LW V D KXJH WRSLF
2UDFOH V GRFXPHQWDWLRQ ZRXOG ILOO WKLV URRP
"' 1R PDWWHU ZKDW URRP \RX UH LQ

" 7KH JRRG QHZV \RX RQO\ QHHG WR NQRZ D OLWWOH WR GR PRVW RI WK

$ IHZ NH\ LGHDV
$ OLWWOH V\QWD]
' 3HKLO\ @ LV D JRRG WXWRULDO DQG UHIHUHQFH JXLGH
' :KHQ WR XVH D UHODWLRQDO GDWDEDVH
' IRWV RI GDWD
ORVWO\ IDFWV UDWKHU WKDQ REMHFWYV
' UH QRW LPDJHV YLGHR FOLSV HWF

" $OWKRXJK D GDWDEDVH PD\ EH WKH EHWBRW®WHVH WR VWRUH LQIRUPDWLRQ

&RPSOH[ TXHULHV

3)LQG DOO H[SHULPHQWYV GRQH ZLWK WKH ODUN 9,, WKDW KDG \LHOGV JUHD

UHDJDQW’
" 5SHODWLRQDO GDWDEDVH FDQ DQVZHU WKHVH TXHVWLRQV GLUHFWO\

Getting Started

" $ GDWDEDVH LV D FROOHAWILERHRAKHRURZ RWFRRKWDHY D QDPH DQG UHSUHYV

" %DVLFDOO\ HDFK WDEOH VWRUHYV RQH NLQG RI IDFW
" (DFK WDEOH KDV D ILIHEBOXPOWRI QDPHG
/LNH WKH ILHOGV LQ D IRUP RU WKH PHPEHUV RI DQ REMHFW
$00 WKH YDOXHV LQ D FROXPQ KDYH WKH VDPH W\SH

" /LNH ;0/ DWWULEXWHYV YDOXHV LQ D FROXPQ VKRXOGQ W KDYH DQ\ LOQWHUQCL

", H \RX VKRXOGQ W KDYH WR SDUVH WKHP LQ RUGHU WR XVH WKHP
" (DFK WDEOH KDV MWRRHPFK RUEZKLFK UHSUHVHEG®WWYGD VHSDUDWH
2Q0H RU PRUH YDOXHV LQ HDHFK UHFRUG IRUP LWV

" 8QOLNH D GLFWLRQDU\ GDWDEDVH GRHVQ W JXDUDQWHH XQLTXHQHVV RI NH

" ([DPSOH H[SHULPHQWDO GDWD
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JLIXUH 'DWDEDVH 7DEOHYV

‘H OO0 XVH WKHVH WDEOHV DV D UXQQLQJ H[DPSOH
' $IRUHLJQWBI\YDOXH RU VHW RI YDOXHV LQ RQH WDEOH WKDW LGHQWL
' JRU H[DPSOH WKH NRJO®RQ X.RAWKRIO YIHIEH QW L1\ U H FRRHLUG/\RVDE OVHK H
' 7KH H[DPSOH GDWDEDVH LOOXVWUDWHY DQ LPSRUWDQW UXOH RI GDWD
1DWXUDO WR[SRPERMENDYROYWBEOHY LQWR RQH
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J)LIXUH $ &RPELQHG 7DEOH

%XW QRZ VRPH LQIRUPDWLRQ DSSHDUV LQ WZR RU PRUH SODFHV«
«ZKLFK PDNHV XSGDWHV FRQVLVWHQF\ FKHFNV DQG TXHULHV DOO KDUGHU |
JUHTXHQWO\ KDYH WR PDNH XB OWAGWER EXKMCHOW KD MANKHVH WDEOHV

, QWHUDFW ZLWK GDWDEDVH XVLQJ B4 SH¥URPBWDPHEH G DAXIHAD JH @ DXOBDIHHG

6HYHUDO YHUVLRQV KDYH EHHQ VWDQGDUGL]HG«
«DQG HYHU\ GDWDEDVH DGGV LWV RZQ TXLUNYV

7R FUHDWH D WDEOH VSHFLI\ LWV QDPH DQG WKH QDPHYV DQG W\SHV R

6KRXOG DOVR VSHFLI\ ZKHWKHU YDOXHV LQ WKDW FROXPQ FDQ EH QXOO L H

&5(37( 7$%/( 3HUVRQ

/IRJLQ 7(;7 127 18//
/IDVWI1DPH 7(;7 127 18//
JLUVWI1DPH 7(;7 127 18//

7R LQVHUW YDOXHV LQWR D WDEOH VSHFLI\ WKH QDPH RI WKH WDEOHYV

(DFK16(5##UHDWHYV D QHZ URZ

,16(57 ,172 3HUVRQ 9%$/8(6 VNRO .RYDOHYVND\D BRILD
,16(57 ,172 3HUVRQ 9%$/8(6 PORP IRPRQRVRY OLNKDLO
,16(57 ,172 3HUVRQ 9%$/8(6 GPLWUL OHQGHOHHY '"PLWUL
,16(57 ,172 3HUVRQ 9%$/8(6 LYDQ 3DYORY ,YDQ

7R HUDVH D W®BZXE30 H$ %/Ndmhe

5HPHPEHU EDFN XS HDUO\ EDFN XS RIWHQ«

8VXDO zZD\ WR UXQ TXHULHV OLNH WKLV LV WR SXW WKHP LQ D ILOH DQC
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(J VTOLWH PDNHBUXQQLQJBH[DPSOH VTO

" 6XSSRVH ZH ZzDQW WR JHW WKH ORJLQ ,'V RI HYHU\RQH LQ WKH V\VWHP
" :ULWH WKLV TXHU\ DOPRVW H[DFWO\ DV ZH MXVW VDLG LW

'6(/(&7 3HUVRQ J)LUVW1DPH 3HUVRO /IDVW1IDPH 3HUVRQ /RJLO )520 3HUVROQ
‘Sofia|Kovalevskayalskol

‘Mikhail|Lomonosov]mlom

. DmitrijMendeleev|dmitri

‘Ivan|Pavlovlivan

(IDFW RXWSXW GHSHQGY RQ \RXU GDWDEDVH PDQDJHU
" 8VXDOO\ UXQ LW WKURXJK D WH[W ILOWHU RU YLHZ LW LQ D *8,
" +RZ DERXW VRUWLQJ URZV E\ ORJLQ ," LQVWHDG RI E\ WKH RUGHU WKH)

'6(/(&7 3HUVRQ )LUVW1DPH 3HUVRO /IDVW1IDPH 3HUVROQ /RJLO
1)520 3HUVRQ

1 25'(5 %< 3HUVRQ /RJLQ $6&

. Dmitri|Mendeleev|dmitri

Ivan|Pavlovlivan

‘Mikhail|Lomonosov|mlom

‘Sofia|Kovalevskaya|skol

" 1RWH 64/ GRHVQ W VWLFN WR VLBRIQOH%YRUG NH\ZRUGV H J

" $MRLWM D TXHU\ WKDW FRPELQHV LQIRUPDWLRQ IURP WZR RU PRUH WD
" &RQVWUXEW WKSHRR GKFHWWDEOHY E\ FRPELQLQJ HDFK URZ RI WKH ILUVW ZLWH
'LVFDUG URZV WKDW GRQ W PHHW VRPH FULWHULD
6HOHFW FROXPQV IURP WKH VXUYLYLQJ URZV
" ([DPSOH I1LQG RXW ZKR KDV GRQH H[SHULPHQWYV IRU HDFK SURMHFW

‘6(/(&7 SBURMHFW 3URMHFWI1IDPH ,QYROYHG /RJLQ
)520 3URMHFW ,QYROYHG

§Z+(5( 3URMHFW 3URMHFW, G ,QYROYHG 3URMHFW,G
Antigravity|mlom

Antigravity|mlom

Teleportation|dmitri

- Teleportation|skol

- Teleportation|ivan

i Teleportation|mlom

‘Time Travel|skol

‘Time Travel|skol

Time Travellivan

&RQVWUXFW FURMWUSY DREI FRORIZ&GLFK KDV 1 URZV
" 7TKURZ DzD\ WKRVH IRU ZKLFK WKH SURMHFW ,'V WDNHQ IURP WKH WZR WDEO

6HOHFW WKH FROXPQV RI LQWHUHVW
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YLIXUH -RLQ ,Q $FWLRQ

" IRWMHORPSSHDUV W ZL$KHWVIRIW BDWBIBRWMHFW EHFDXVH KH GLG WZR H[SHULPFE
8VH WKKH,1& NH\ZRUG WR HOLPLQDWH GXSOLFDWHV

‘6(/(&7 ',67,1&7 3URMHFW 3URMHFW1DPH ,QYROYHG /RJLQ
)520 3URMHFW ,QYROYHG

§:+(5( 3URMHFW 3URMHFW,G ,QYROYHG 3URMHFW,G
Antigravity|mlom

Teleportation|dmitri

- Teleportation|skol

- Teleportation|ivan

i Teleportation|mlom

‘Time Travel|skol

‘Time Travellivan

" +RZ WR ILQG SHRSOH ZKR KDYH GRQH H[SHULPHQWYV IRU WZR RU PRUH
JLUVW DWWHPSW XVH

6(/(&7 ',67,1&7 3HUVRQ /RJLQ

)520 3HUVRQ ,QYROYHG
c*+(C . 3URMHFW,G $1' 3URMHFW,G
' '"RHVQ W ZRUN3SERNMDMARDGQRW VLPXOWDQHRXVO\ EH DQG

6HFRQG DWWHAPSW XVH

6(/(&7 ",67,1&7 3HUVRQ /RJILQ
1)520 3HUVRQ ,QYROYHG
i+ (5¢( BURMHFW,G 25 3URMHFW,G

Created by Prince (www.princexml.com)



'RHVQ W ZRUN EHFDXVH HYHU\ SURMHFW V ," LV HLWKHU DQG
" 5LJKW VROXWLRQ WKDWQXRWNWMEGYK OMRZMWKQLWKYXHOI VR WKDW ZH KDYH \
" 7TKHQ VHOHFW URZV ZKHUH WKH SHUVRQ LV WKH VDPH EXW WKH SURMHFW "
" 5HPHPEHU HYHU\WKLQJ LV GRQH URZ E\ URZ

6(/(&7 ',67,1&7 $ /IRJLQ

1)520 ,QYROYHG $ ,QYROYHG %

i+ (5( $ /RILQ % /RJLQ

$1° $ S3URMHFW,G % 3URMHFW,G
‘mlom

skol

ivan

" +RZ WR ILQG HYHDODWEHA DKHRISHULPHQWLQJ ZLWK WLPH WUDYHO"
" &DQ W MXVW VHOHFWHRVZIYHRIMHFIW QRW VLQFH ERWK .RYDOHYVND\D DQ
RWKHU SURMHFWYV

6(/(&7 ',67,1&7 ,QYROYHG /RJLQ
1)520 ,QYROYHG

1+ (5( ,QYROYHG 3URMHFW,G
‘mlom

dmitri

‘skol

" 6ROXWLRQ LV FRXQWHU LQWXLWLYH EXW ZHOO GHILQHG

BHOHFW WK 6 R@ M) \WH
6XEWUDFW WKHP IURP DOO SRVVLEOH URZV

" BHTXLUHV.QXWWHAVRIG TXHULHV
'DWDEDVH PDQDJHU UXQV WKH LQQHU TXHU\ ILUVW WKHQ DSSOLHV WKH RXW
127 ,1PHDQV H[DFWO\ ZKDW LW VD\V

6(/(&7 ',67,1&7 /RJILQ
)520 ,QYROYHG
i+ (5¢( /RIJLQ 127 ,1
. 6(/(&7 /IRJLQ
Y520 ,QYROYHG
‘ :+(5( ,QYROYHG 3URMHFW,G
‘mlom
dmitri

" 7KHVH DUH XVHIXO IRU PDQ\ RWKHU WKLQJV DV ZHOO
(IDPSOH KRZ PDQ\ SHRSOH KDYH GRQH H[SHULPHQWV IRU H[DFWO\ RQH SURN
' BROXWLRQ ILQG WKH SHRSOH ZKR YH GRQH H[SHULPHQWYV IRU QRQH RU IRU

6(/(&7 ',67,1&7 /IRJLQ

1)520 ,QYROYHG

i+ (5¢( /RIJLQ 127 ,1

. 6(/(&7 $ /RJILQ
)520 ,QYROYHG $ ,QYROYHG %
:+(5( $ /RIJLQ % /RJILQ

s $ BURMHFW,G % 3URMHFW,G

dmitri
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" 2IWHQ OQWDHGUWRBRMELQH YDOXHV IURP GLITHUHQW URZV
" 7TRWDO VDOHV IDVWHVW WULS HWF
" 64/ SURYLGHV EXLOW LQ IXQFWLRQV
([DPSOH KRZ PXFK WLPH KDV OLNKDLO VSHQW RQ DQWLJUDYLW\ H[SHULPHQMW

6(/(&7 680 ([SHULPHQW +RXUV
1)520 ,QYROYHG ([SHULPHQW

:+(5( ,QYROYHG /RJLQ PORP

.~ $1' ,QYROYHG 3URMHFW,G

$1' ,QYROYHG 3URMHFW,G ([SHULPHQW 3URMHFW,G

$1' ,QYROYHG ([SHULPHQW,G ([SHULPHQW ([SHULPHQW,G

" +RZ PXFK WLPH KDV HDFK VFLHQWLVW VSHQW RQ H[SHULPHQWV"
8VH5283 “W¥R DSSO\ DJJUHIJDWLRQ IXQFWLRQ WR VSHFLILF VXEVHWYV RI URZV

6(/(&7 ,QYROYHG /RJLQ 680 ([SHULPHQW +RXUV
1)520 ,QYROYHG ([SHULPHQW

i+ (5( ,QYROYHG 3URMHFW,G ([SHULPHQW 3URMHFW,G
s ,QYROYHG ([SHULPHQW,G ([SHULPHQW ([SHULPHQW,G
%5283 %< ,QYROYHG /RJLQ

ivan|5.5

dmitri|7

skol|4.5

‘mlom|23

' 8VXDOO\ GRQ W ZULWH HQWLUH DSSOLFDWLRQ LQ 64/ RU UXQ 64/ LQ V>
" ,QVWHDG HPEHG 64/ LQ WKH SURJUDPPLQJ ODQJXDJH RI \RXU FKRLFH
9LVXDO %DVLF -DYD 3HUO 3\WKRQ «
3+3 ZDV GHVLJQHG IRU HI[DFWO\ WKLV SXUSRVH
" .H\ FRQFHSWYV
$FROQOHRWLIR@D\ WR JHW FRPPDQGYV IURP WKH SURJUDP WR WKH GDWDEDVH
7\SLFDOO\ D VRFNHW EXW RWKHU PHWKRGYV DUH XVHG DV ZHOO
$EXUVYRUD SRLQWHU WR D GDWDEDVH RSHUDWLRQ
" /LNH D FXUVRU LQ DQ HGLWRU
" ([DPSOH JHW WKH QDPHV RI DOO WKH VFLHQWLVWY LQWR D 3\WKRQ SU

' LPSRUW VTOLWH

"FRQQHFWLRQ VTOLWH FRQQHFW UXQQLQJ GE

FXUVRU FROQHFWLRQ FXUVRU

"FXUVRU H[HFXWH 6(/(&7 JLUVW1DPH /DVW1DPH )520 3HUVRQ
%UHVXOWV FXUVRU IHWFKDOO

%IRU ULQ UHVXOWYV

3 SULQW U

"FXUVRU FORVH

"FRQQHFWLRQ FORVH

('Sofia’, 'Kovalevskaya')

(‘Mikhail', 'Lomonosov')

(‘'Dmitri', 'Mendeleev')

(Ivan', 'Paviov')

" 1HHG WK WIWRWRQQHFW WR WKH GDWDEDVH

" (YHU\WKLQJ HOVH RQ WKH 3\WKRQ VLGH LV WKH VDPH UHJDUGOHVV RI WKH

$OWKRXJK DV PHQWLRQHG EHIRUH WKH 64/ PLJKW EH GLIIHUHQW
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' BHDO ZRUOG GDWD DOZD\V KDV KROHV LQ LW
' 6RPH SHRSOH GRQ W KDYH FHOO SKRQH QXPEHUV VRPH DXWKRUV ELUWK GO
' GHSUHVHQW WKLV LQ D GDWDEDY#//XVLQJ WKH VSHFLDO YDOXH
' 1IRWKH VDPH DV JHUR HPSW\ VWULQJ )DOVH HWF
,QVWHDG PHDQV *QRWKLQJ NQRZQ DW DOO’
' & KHFN WR VHH LI D YDOXIB/LV QXOO XVLQJ
' 7KH UHVXOW RI DQ\ FRP3EMDWBLRQ LQYROYLQJ

18//

L\L8//18// 25 TUXHML8// HWF

" $OWKRXJK LQ VRPHDODWBED VA/NDOVHO Y@ XH 25 18/YUXH
" %\ GHIDXOW FROXPQ¥/PEXPWROYWIDM®DQ EH SURKLELWHG ZKHQ WKH WDE
$Q HIDPSOH®R®RWBOULW\ FRQVWUDLQW

&5($7(

7$%/( ([SHULPHQW

3URMHFW,G ,17(*(5 127 18//
([SHULPHQW,G 17 (*(5 127 18//
1XP,QYROYHG 17 (*(5 127 18//
([SHULPHQW'DWH '$7(

+RXUV 5($/ 127 18//

" +DYH WR ZULWH TXHULBM WR DFFRXQW IRU

([SHULPHQW ([SHULPHQW'DWH ! VHOHFWYV DOO H[SHULPHQWYV WKDW ZHDEQ W
DOO H[SHULPHQW V1 ZKRMHEDMWQAW HTXDO WR DQ\WKLQJ H[FHSW LWVHOI
' +DYH WR(PSHULPHQW ([SHULPHQW'DWH ! $1' ([SHULPHQW ([SHULPHQ!

18//

' 7KH ELJJHVW FKDOOHQJH LQ GDWDEDVH SURJUDPPLERDFEY U HRUFR X O D W
' 7ZR RU PRUH WKLQJV KDSSHQLQJ DW RQFH
' Q WKH GDWDEDVH ZRUOG RQH XVHU FKDQJLQJ WKH GDWDEDVH ZKLOH DQRW
' $ UHODWHG SUREOHP LVDWKR-PRIHHGGW RLWQEXRHHRSHUDWLRQV

6HTXHQFH RI RSHUDWLRQV LV SUHPRYH I[URP JUDQW " WKHQ :DGG
" 'RQ W ZDQW PRQH\ WR GLVDSSHDU LI FRPSXWHU JRHV GRZQ LQ EHWZHHQ
" 6ROXWLRQ WR ERWK S WREGHMMWVY.RMR XVH D

$ VHW RI RSHUDWLRQV ZKLFK DOO ZRUN DV LI QRWKLQJ HOVH ZDV JRLQJ RQ

$&,"

" $WRPLF HLWKHU DOO DUH SHUIRUPHG RU QRQH
" &RQVLVWHQW GDWDEDVH LV LQ D OHJDO VWDWH ZKHQ WKH WUDQVDFWLRQ
,VRODWHG QR RSHUDWLRQ RXWVLGH WKH WUDQVDFWLRQ VHHV WKH GDWDE
'XUDEOH RQFH WKH XVHU LV QRWLILHG WKDW WKH RSHUDWLRQ KDV FRPSO
" 7TUDQVDFWLRQV VRPHWLPHV XVHG IRU TXHULHVY EXW VKRXOG DOZD\V E
" ([DPSOH FKDQJH .RYDOHYVNDADROMODR RYD OHYRP

% (*,1 75%$16%&7,21

83'$7( 3BHUVRQ

6(7
t+(5¢(

/IRJLQ NRYDOHY
/IRJLQ VNRO

83'$7( ,QYROYHG

6(7
t+(5¢(

/IRJLQ NRYDOHY
/IRJLQ VNRO
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(1" 75%16%&7,21

6(/(&7
)520 3HUVRQ
§:+(5( /IRJLQ NRYDOHY 25 /RJLQ VNRO

6(/(&7

)520 ,QYROYHG

i+(5( /RJLQ NRYDOHY 25 /RJLQ VNRO
‘kovalev|Kovalevskaya|Sofia

11709|1|2|kovalev

11737|1|1|kovalev

1737|2|1|kovalev

:UDS WKH FKDQJHV LQ D WUDQVDFWLRQ VR WKDW
' 1R TXHU\ FDQ MXOVERMDHQUHY E XMW ERIONBHED Q JH V

, | GDWDEDVH JRHV GRZQ LQ WKH PLGGOH RI WKH RSHUDWLRQ GDWDEDVH G
"B6R ZK\ QRW XVH WUDQVDFWLRQV HYHU\ZKHUH™"

" %HFDXVH WKH\ UHTXLUMHUKBV@PIWW REBYDB W R QV

:KLFK VORZV WKH V\VWHP GRZQ
WRS

Client-Side Web Programming

'UDIW 9HUVLRQ

" 7KH 8QL[ FRPPDQG OLQH ZIDARWXRHQAHRWO 8 EMHRW W R GHO
" $OORZHG SURJUDPPHUV WR EXLOG VPDOO SLHFHVY WKHQ FRQQHFW WKHP LQ
" .H\ IHDWXUHYV
/RZ EDUULHUV WR HQWU\ LW V HDV\ WR DGG RQH PRUH WRRO WR WKH WRRO|I
&RPPRQ GDWD IRUPDW VWUHDP RI VWULQJV
" &RPPRQ FRPPXQLFDWVYWRQ IBWRBWRRAMR® |JHUR QRQ]JHUR H[LW FRGHV
" 7KH :HE VXFFHHGHG LQ SDUW EHFDXVH LW IROORZHG WKH VDPH PRGH
'DWD IRUPDW +70/ QRZ ;0/
" &8RPPXQLFDWLRQ SURWRFRO +773
" 7KLV OHFWXUH ORRNYVY DW KRZ WR EXLOG SURJUDPV WKDW JHW GDWD IL
I1H[W OHFWXUH ZLOO GLVFXVV VLPSOH ZD\V WR EXLOG SURJUDPV WKDW VXSS

I \RX ZDQW WR NRRU]JARUWH LY D FRPSUHKHQVLYH JXLGH

" 'LVWULEXWHG V\VWHPV DUH IXQGDPHQWDOO\ GLIIHUHQW IURP XQLWDU\
6PDOO SURJUDP FDQ LJQRUH WKHVH GLIIHUHQFHV«
" «EXW HYHU\ LQGXVWULDO VWUHQJWK DSSOLFDWLRQ HYHQWXDOO\ KDV WR GF
" "LIITHUHQFH FRQFXUUHQF\
$V LQ GDWDEDVHV PHDQV 3VHYHUDO WKLQJV KDSSHQLQJ DW RQFH’

&DQ OHDG WR
" '"HDGORFN $ LV ZDLWLQJ IRU % ZKLOH % LV ZDLWLQJ IRU $

" 5DFH FROQGLMQIR@QWHVXOW GHSHQGY RQ ZKHWKHU $ RU % JRHV ODVW
" 'LITHUHQFH SDUWLDO IDLOXUH
2QH FRPSRQHQW IDLOV ZKLOH RWKHUV DUH VWLOO KHDOWKN\
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,/ \RX YH ZDLWHG ILYH VHFRQGV IRU D ZHE VLWH WR UHVSRQG VKRXOG \RX L
7TKHUH V D ZKROH LQGXVWU\ GHYRWHG WR GHDOLQJ ZLWK WKLYV
" %RWK GLITHUHQFHY PDNH G LRXNFKIDAXGNHHUGWORS SGIEKDWAELRDQY XQLWDU\ RQH
" 2IWHQ KBIYMHQEXIWK RQO\ DSSHDU LQWHUPLWWHQWO\
$QG LW V XVXDOO\ LPSRVVLEOH WR JHW D FRPSOHWH SLFWXUH RI WKH V\VWt}
6ROXWLRQ JHW LW ULJKW WKH ILUVW WLPH
")JRU QRZ ZH ZLOO LJQRUH ERWK SUREOHPV
" :ULWH VPDOO SURJUDPV WKDW XVH WKH ZHE EXW DUHQ W XVHG E\ RWKHUV
$VVXPH WKDW HYHU\WKLQJ HOVH LV UHOLDEOH

" 7KHVH GD\V WKH QWHUQHW UXQV RQ D IDPLONGRWHBRHANQBFPWRRROVW I
'"HILQHYVY HYHU\WKLQJ IURP HOHFWULFDO VLIJQDO VWUHQJWKYV RQ XS

" 8VLQJ ,3 SURFHVV FRPPXBERNMHWHN WKURXJK

" (DFK VRFNHW LV RQH HQG RI D SRLQW WR SRLQW FRPPXQLFDWLRQ FKDQQHO
" 3URYLGHV WKH VDPH NLQG RI UHDG DQG ZULWH RSHUDWLRQV DV ILOHYV
(YHU\ VRFNHW LV XQLTXHO\ LGHQWLILHG E\ KRVW DGGUHVY DQG D SRUW QXP
$KRVW DAGUIRXKWY ELW QXPEHUV OLNH
" ORVW DGGUHVVHYV KDYH V\RPEROMKLQOGPEHW B6GRRH
$SRUWMXVW D QXPEHU LQ WKH UDQJH
DUH UHVHUYHG IRU WKH RSHUDWLQJ V\VWHP

' ORVW FRPPRQO\ XVHG PHPEHU RD WKPH VY LBRLOR QMBI RO 3URWRFRO

*XDUDQWHHY WKDW DQ\ GDWD VHQW LV UHFHLYHG LQ RUGHU
/[LNH D SKRQH FDOO

/IRWV RI DSSOLFDWLRQV XVH 7&3 GLUHFWO\
" (PDLO LQVWDQW PHVVDJLQJ )73 JDPHV«
%XW GRQ W ZRUU\ ZH OO EH SURJUDPPLQJ DW D PXFK KLIJKHU OHYHO

" +773 WKH +\SHU7H[W 7UDQVIHU BURWRFRO VSHFLILHY KRZ SURJUDPYV I
' 2ULJLQDOO\ GHVLJQHG WR VXSSRUW ILOH GRZQORDG
+DV JURZQ LQ PDQ\ ZD\V
6RPH RI WKHP XQQDWXUDO
" 7TKUHH VWDJHV LQ D W\SLFDO WUDQVDFWLRQ
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JLIXUH +773 BHTXHVW &\FOH

$FOLSQORMIUDP RSHQV D FREE MHNWIYRHYU WR D
' &OLHQWY DUH W\SLFDOQMUEHHIREZEVHUV VXFK DV
$SDFKH :HE 6HWUW MKH PRVW ZLGHO\ XVHG EXW PDQ\ RWKHUV H[LVW
" 7KH FOLHQW VHQGV D UHTXHVW FRQWDLQLQJ
7KH WKLQJ WKH FOLHQW ZDQWV VXFK DV WKH QDPH RI D ZHE SDJH
" +HDGMMKWDOW GHILQH WKH W\SH RI WUDQVDFWLRQ
" $Q\WKLQJ HOVH WKH VHUYHU PLIJKW QHHG H J D ILOH IRU XSORDG
" 7KH VHUYHU UHSOLHV ZLWK
+HDGHUV WKDW GHILQH WKH VWDWXV VXFFHVV RU IDLOXUH DQG WKH W\SEH
'DWD VXFK DV WKH DFWXDO ZHE SDJH
" 7KLV FA\FOH PD\ EH UHSHDWHG PDQ\ WLPHVY WR GLVSOD\ RQH ZHE SDJH
" (DFK LPDJH LV UHTXHVWHG DQG GRZQORDGHG VHSDUDWHO\

' $Q +773 UHTXHVW KDV WKUHH SDUWYV
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JLIXUH +773 5SHTXHVW )RUPDW

+773 UHTXHVW OLQH
+773 PHWKRG LV XVKDROIR\6RALWKHU
' *(7W\SLFDOO\ XVHG WR IHWFK LQIRUPDWLRQ
326 KVXDOO\ XVHG WR VXEPLW IRUP GDWD RU WR XSORDG ILOHV
' 85/ LV WKH WKLQJ WKH UHTXHVW ZDQWYV
7\SLFDOO\ D SDWK WRQDG H[OKW RXFK DV
' %XW RWKHU LQIRUPDWLRQ GLVFXVVHG EHORZ FDQ EH SXW WKHUH DV ZHO
(QWLUHO\ XS WR WKH VHUYHU KRZ WR LQWHUSUHW WKH 85/
+773 YHUVLRQ
8V XD OON3
+HDGHUV
$ VHW Rl QDPH YDOXH SDLUV
' $ JLYHQ QDPH PD\ DSSHDU PDQ\ WLPHV L H PD\ EH DVVRFLDWHG ZLWK PD¢
" (IDPSOHYV
$FFHSW WH[W KWPO
' $FFHSW /DQJXDJH HQ IU
,l ORGLILHG 6LQFH 0D\
%RG\ LV DQ\ H{WUD GDWD DVVRFLDWHG ZLWK WKH UHTXHVW
8VHG ZLWK ZHE IRUPV WR XSORDG ILOHV HWF
1RWH WKHUH V QR PDJLF
' $Q +773 UHTXHVW LV MXVW WH[W2DQ\ SURJUDP WKDW ZDQWV WR FDQ FUHDW!

-XVW DV VLPSOH DV D UHTXHVW
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JLIXUH +773 5HVSRQVH )RUPDW

+773 UHVSRQVH OLQH

2QFH DJDLQ YHUVLRQILV W\I\SLFDOO\

6WDWXV FRGH LV D QXPEHU LQGLFDWLQJ ZKDW KDSSHQHG

HYHU\WKLQJ ZRUNHG

’ SDJH QRW IRXQG
" 6WDWXV SKUDVH UHSHDWYVY WKDW LQIRUPDWLRQ LQ D KXPDQ UHDGDEOH SKUL
+HDGHUV DUH RQFH DJDLQ QDPH YDOXH SDLUV
7KHQ WKHUH PXVW EH D EODQN OLQH WR VLJQDO WKH HQG RI KHDGHUYV
" &RPPRQ HUURU WR IRUJHW WKLYV
%RG\ LV ZKDWHYHU GDWD WKH VHUYHU ZDQWV WR VHQG EDFN

$ ZHE SDJH DQ LPDJH HWF

'LPSRUW VAV VRFNHW

+WWSBEHTXHVW 2
*(7 JUHHWLQJ KWPO +773

V VRFNHW VRFENHW VRFNHW $)B,1(7 VRFNHW 62&.B675(%$0
'V FRQQHFW Z2ZZ WKLUG ELW FRP

V VHQG +WWS5HTXHVW

"UHVSRQVH

' ZKLOH 7UXH

‘ GDWD V UHFY
LI QRW GDWD
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| UHVSRQVH GDWD
'V FORVH

'SULQW UHVSRQVH

HTTP/1.1 404 Not Found
‘Date: Sat, 02 Jul 2005 11:16:44 GMT
:Server: Apache/2.0.54 (Debian GNU/Linux) DAV/2 SVN/1.1.4 mod_python/3.1.3 Python/2.3.5 PHP/4.3.10-9 mod_ssl/2.0.54 Op

Content-Length: 394
.Connection: close
.Content-Type: text/html; charset=iso-8859-1

§<!DOCTYPE HTML PUBLIC "-//IETF//DTD HTML 2.0//EN">
. <html><head>
<title>404 Not Found</title>
.</head><body>
i<h1>Not Found</h1>
§<p>The requested URL /greeting.html was not found on this server.</p>
i<hr>
§<address>Apache/2.0.54 (Debian GNU/Linux) DAV/2 SVN/1.1.4 mod_python/3.1.3 Python/2.3.5 PHP/4.3.10-9 mod_ssl/2.0.54 |
</body></htm|>
" S5HTXHVW KDV QR KHDGHUYV
" 6R WKH EODQN OLQH WKDW VLJQDOV «HQG RI KHDGHUV’” LV ULJKW DIWHU WKI
" SUHDWH D VRENHW
VRENHW $)BPHDPQV 3DQ ,QWHUQHW VRFENHW"
" VRFNHW 62&.B6RPEHIQV 3XVH 7&3°

" &RQQHFW WR WKH VHUYHU
" 3RUW LV WKH VWDQGDUG RQH IRU ZHE VHUYHUYV
" 6HQG WKH UHTXHVW DQG UHDG UHVSRQVH GDWD XQWLO WKHUH V QRW

' 2SHQLQJ VRFNHWVY FRQVWUXFWLQJ +773 UHTXHVWV DQG SDUVLQJ UHV
' 6R PRVW ODQJXDJHV SURYLGH OLEUDULHV WR GR WKH ZRUN IRU \RX
,Q 3\WKRQ WKDW XIUEUDLUE LV FDOOHG
' XUOOLE XUORSH®R85 ZKDW \RXU EURZVHU ZRXOG GR LI \RX JDYH LW Wt
' 3DUVH LW WR ILJXUH RXW ZKDW VHUYHU WR FRQQHFW WR
' &RQQHFW WR WKDW VHUYHU
6HQG DQ +773 UHTXHVW
*LYH WKH FDOOLQJ SURJUDP DQ REMHFW WKDW ORRNV OLNH D ILOH IURP ZK
' ((DPSOH UHDG WKH WHVW SDJH WKH HDV\ ZD\

' LPSRUW XUOOLE

LQVWUHDP XUOOLE XUORSHQ KWWS ZZZ WKLUG ELW FRP JUHHWLQJ KWPO
'OLQHV LQVWUHDP UHDGOLQHV
LQVWUHDP FORVH
IRU OLQH LQ OLQHV> @
,,,,,,,,,,,,,,, SULQW OLQH
" 1RWHHDGOLBDRIXOGQ W GR WKH ULJKW WKLQJ LI WKH WKLQJ EHLQJ UHDG
8VHWHDWR JUDE WKH E\WHV LQ WKDW FDVH
' 8S WR WKH FOLHQW DSSOLFDWLRQ WR GR WKH ULJKW WKLQJ
' ((IDPSOH PDNH D OLVW RI WKH OLQNV LQ D ZHE SDJH
7KH ILUVW VWHBH @ SAXKHDW BDQ H[SORUH WKH ZHE RQ LWV RZQ
' 7KDW SOXV D VHDUFK HQJLQH DQG \RX UH *RRJOH«
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JHWFK WKH SDJH
3DUVH LW WR H[WUDFW DOO WKH OLQNYV
" 6KRXOG XVH ;0/ EXW UHJXODU H[SUHVVLRQV DUH JRRG HQRXJK WR JLYH \R

'LPSRUW XUOOLE UH
' ITURP VHWV LPSRUW 6HW

LQVWUHDP XUOOLE XUORSHQ KWWS ZZZ WKLUG ELW FRP LQGH[ KWPO
'SDJH LQVWUHDP UHDG
LQVWUHDP FORVH

"OLQNV UH ILQGDOO U KUHI ? >A? @ ? SDJH
"WHPS 6HW

"IRU[LQ OLQNYV

f WHPS DGG [> @

"OLQNV OLVW WHPS

"OLQNV VRUW

"IRU[LQ OLQNYV

j SULQW [

#ack

#news

#rules

#search

IMT/mt.cgi

Iblog

Icgi-bin/awstats. pl?config=www.third-bit.com
http://books.slashdot.org/books/05/06/16/1930227.shtml
http://projects.edgewall.com/trac
http://subversion.tigris.org
http://weblog.infoworld.com/udell
http://weblog.infoworld.com/udell/2005/06/23.html|
http://www.amazon.com/exec/obidos/redirect?path=ASIN/0974514071&link_code=as2&camp=1789&tag=thirdbit-20&creative=¢
http://www.amazon.com/exec/obidos/redirect?tag=thirdbit-20&amp;creative=9325&amp;camp=1789&amp;link_code=as2&amp;
http://www.apache.org

http://www.artima.com
http://www.artima.com/chapters/book.jsp?num=114451
http://www.cs.utoronto.ca

http://www.debian.org

http://www.jonahgroup.com

http://www.list.org

http://www.oreillynet.com
http://www.oreillynet.com/cs/user/print/a/5862
http://www.pragmaticprogrammer.com/titles/gwd/index.html
http://www.provost.utoronto.ca

http://www.python.org

http://www.python.org/psf

http://www.sf.net
http://www.techbookreport.com/tbr0172.html
http://www.third-bit.com/pyweb/index.html
http://www.third-bit.com/swc
http://www.third-bit.com/trac/argon
http://www.third-bit.com/trac/pyre
http://www.third-bit.com/trac/pyre/newticket
http://www.third-bit.com/trac/swc
http://www.third-bit.com/~gvwilson
‘http://www.utoronto.ca

‘mailinglists.html

‘mailto:gvwilson@cs.utoronto.ca

‘old-presentations.html

‘past.html

rreading.html

‘style.css
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' 6RPHWLPHV ZDQW WR SURYLGH H[WUD LQIRUPDWLRQ DV SDUW RI D 85/
' ([IDPSOH ZKHQ VHDUFKLQJ RQ *RRJOH KDYH WR VSHFLI\ ZKDW WKH VHDUFK V
' &RXOG GR WKLV DV SDUW RI WKH 85/
$PDJRQ SXWV ,6%1V LQ 85/V
' ORUH IOH[LEOH WR DGG SDUDPHWHUV WR WKH 85/
' KWWS ZZZ JRRJOH FRP"VHBDPWEKRBAY IRU SDJHV UHODWHG WR 3\WKRQ
VHSDUDWHY WKH SDUDPHWHUV IURP WKH UHVW RI WKH 85/
' | WKHUH DUH PXOWLSOH SDUDPHWHUV WKH\ DUH VHSDUDWHG IURP HDFK RW
KWWS ZZZ JRRJOH FD VHDUFK"T 3\WKRQ FOLHQW ILUHIR]
(DFK SDUDPHWHU WRBIRY WRBXRUP
' 6SDFHV DUH UHSONRHG@HE SURJUDPPLQJ EHFRPHV 3ZHE SURJUDPPLQJ’
'H OO0 VHH ZKDW WR GR \D E R XIW PIRFPH QMO

" 4AXHVWLRQ ZKDW LI \RX"ZRQW LWQRDLFOXBHWHU "
" $QVZHUBBRMHQFR®HXVLQROORZHG E\ LWV GLJLW KH[DGHFLPDO FRGH
Character Encoding

7DEOH 85/ (QFRGLQJ

" ([DPSOH WR VHDUFK *RRJOH IRWWSUDLAH. JRRIB@MH-D VHDUFK"T JUDGH

" +HOSHU IXQFWLRQV
XUOOLE TXRWHINB@DFHY VSHFLDOWIKMNWKD AWHLDYHLQYHTXHQFHYV
" XUOOLE XQTXRWHHSWDFHY HVFDSH VHTXHQFHYVY ZLWK FKDUDFWHUYV
XUOOLE XUOHQFRGHWIODNHW® GLFWLRQDU\ RU D OLVW RI SDLUV DQG FRQVW

' LPSRUW XUOOLE

ﬁSULQW XUOOLE XUOHQFRGH » VXUQDPH KRSSHU IRUHQDPH JUDFH ~
ﬁSULQW XUOOLE XUOHQFRGH > VXUQDPH WXULQJ IRUHQDPH DODQ C
}surname:hopper&forename:grace

isurname=turing&forename=alan

" 6XSSRVH \RX ZDQW WR ZULWIC PHXHFDUBKW "RRDWHDFW XDO O\
" &8RQVWUXFW D 85/ HDV\
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6HQG LW DQG UHDG WKH UHVSRQVH QR SUREOHP
3DUVH WKH UHVSRQVH KPP WKHUH V D ORW Rl MXQN RQ WKH SDJH«
' 0DQ\ ILUVW JHQHUDWLRQ ZHEVBSSOIFIMLRIMQUHOLHG RQ
' 3UREOHP LV WKDW ZKHQHYHU WKH VLWH FKDQJHV LWV OD\RXW \RXU DSSOLF
' ORGHUKE VHUBUFHEHVLIQHG PRUH LQWHOOLJHQWO\
"KHQ D FOLHQW VHQGV D UHTXHVW LW LQGLFDWHV WKDW LW ZDQWV PDFKLQ
'’ OXFK HDVLHU WR SDUVH
' OXFK OHVV OLNHO\ WR FKDQJH RYHU WLPH
$Q H[DPSOWHRIRWH SURFHGXUH FDOO

J)LIXUH 5HPRWH 3URFHGXUH &DOO 8VLQJ +773

$FWXDOO\ DOO +773 UHTXHVWY DUH UHPRWH SURFHGXUH FDOOV

" ,PSOLFLWO\ LQYRNLQJ D IXQFWLRQ FDOOHG 3 IHWFK PH WKLV ILOH"
" ORVW ZHE VHUYLFHV XVH WKH 6LPSOH 2EMHFW $FFHVV 3URWRFRO 62%$3

'"HVSLWH LWV QDPH LW V DQ\WWKLQJ EXW VLPSOH

/IXFNLO\ WKHUH DUH OLEUDULHV WR KLGH WKH GHWDLOV IRU PRVW ZLGHO\ X
' ([DPSOH IHWFK LQIRUPDWLRQ DERXW D ERRN IURP $PD]RQ

$PD]RQ KDV GHILQHG DQ $3, IRU ZHE VHUYLFHV

<RX QHHG WR JHW D OLFHQVH NH\ LQ RUGHU WR XVH LW

7KH\ UH IUHH
" $OORZV $PD]JRQ WR WKURWWOH UHTXHVWYVY WR RQH SHU VHFRQG SHU FOLHQ
8VH IXQFWRLRDNWRQWR VHDUFK E\ YDULRXV FULWHULD

" 5BHVXOW LV D OLVW RI REMHFWV ZLWK LQIRUPDWLRQ DERXW LWHPV WKDW PD

'LPSRUW V\V DPD]JRQ

. )RUPDW PXOWLSOH DXWKRUV QDPHV QLFHO\
"GHI SUHWW\1DPH DUJ
‘ LI W\SH DUJ LQ OLVW WXSOH
DUJ MRLQ DUJ> @ DQG DUJ> @
UHWXUQ DUJ

LI BBQDPHBB BBPDLQBB

*HW LQIRUPDWLRQ

NH\ DVLQ V\V DUJY> @ V\V DUJY> @
DPD]JRQ VHW/LFHQVH NH\

LWHPV DPD]JRQ VHDUFK%\$6,1 DVLQ

+DQGOH HUURUYV
LI QRW LWHPV
SULQW 1RWKLQJ IRXQG IRU DVLQ
LI OHQ LWHPV !
SULQW OHQ LWHPV LWHPV IRXQG IRU DVLQ

'LVSOD\ LQIRUPDWLRQ

LWHP LWHPV> @

SURGXFW1DPH LWHP 3URGXFWI1DPH

RXU3ULFH LWHP 2XU3ULFH

DXWKRUV SUHWW\1IDPH LWHP $XWKRUV $XWKRU

SULQW V V VvV DXWKRUV SURGXFW1DPH RXU3ULFH

1RWH PXFK PRUH FRGH GHYRWHG WR FUHDWLQJ KXPDQ UHDGDEOH RXWSXW
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" ORVW FRPSXWHUV QRZ VSHQG PRUH WLPH FRPPXQLFDWLQJ WKDQ WKH\

" (YHU\N IHZ \HDUV ZH SXW DQRWKHU OD\HU RQ WRS RI WKH SLOH RI SUR\
' 7&3 +773 ZHE VHUYLFHV«

" *HWWLQJ LQIRUPDWLRQ IURP WKH ZHE LV QRZ DOPRVW DV HDV\ DV JH\

" 6HH LQ WKH QH[W SHRWXEHRKFRYWWRQ WR RWKHUV
WRS

CGl

'UDIW 9HUVLRQ

" 7KH ZHE LV IDU PRUH WKDQ MXVW D IDQF\ UHSODFHPHQW IRU LQWHU Ol
" ORVW RI LWV SRZHU FRPHV IURP WKH IDFW WKDW EURZVHUVY FDQ LQWHL
ORUH DFFXUDWHO\ EURZVHUV FDQ DVN ZHE VHUYHUV WR LQWHUDFW ZLWK S|

" 7KLV OHFWXUH ORRNV DWFHRIW WWR GRTXHWRW
" 9HUN LPSRUWDQW WKDW \RX DOVR DWWHQG WKH QH[W OHFWXUH RQ VHFXULW

" +RZ WR OHW HYHU\GD\ XVHUV ZULWH SURJUDPV WKDW KDQGOH +773 UH
" 2SWLRQ 5HTXLUH WKHP WR ZULWH VRFNHW OHYHO FRGH
&RPSOLFDWHG DQG HUURU SURQH
&DQ RQO\ KDYH RQH SURJUDP OLVWHQLQJ WR D VRFNHW DW D WLPH
2SWLRQ KDYH WKH ZHE VHUYHU DFFHSW WKH +773 UHTXHVW DQG WKHQ LC
" 5GHFRPSLOLQJ WKH ZHE VHUYHU HYHU\ WLPH VRPHRQH ZDQWV WR DGG IXQF\
6R GHILQH D SURWRFRO WKDW OHWV ZHE VHUYHUV LQYRNH DUELWUDU\ H[W
" 7TKERPPRQ *DWHZD\ &WHWIDFMLPSOH VHW RI UXOHV WKDW VSHFLILHV
+RZz D ZHE VHUYHU SDVVHV LQIRUPDWLRQ WR D SURJUDP
' +RZ WKDW SURJUDP SDVVHV LQIRUPDWLRQ EDFN WR WKH ZHE VHUYHU
<HV LW V DQRWKHU SURWRFRO«
" &*, GRERWSHFLI\
$ SDUWLFXODU ODQJXDJH
' <RX FDQ XVH )RUWUDQ WKH VKHOO & -DYD 3HUO 3\WKRQ«
+RZ WKH ZHE VHUYHU ILJXUHV RXW ZKDW SURJUDP WR UXQ
(DFK ZHE VHUYHU KDV LWV RZQ UXOHV
:H OO EULHIO\ WDON DERXW $SDFKH V
" KHQ D &*, LV UXQ WKH ZHE VHUYHU VHQGYVY LW LQIRUPDWLRQ
7TKURXJK HQYLURQPHQW YDULDEOHY ZKLFK DUH VWULQJV
Name Purpose Example
5(48(67B0(7+RDW NLQG RI +773 UHTXHVW LV EHLQ@JI/HKODIRGOHG
6&5,37B1%$0(7KH SDWK WR WKH VFULSW WKDW V HFRAXBML@Q@BRVWBSKRWR S\
48(5<B675,17KH TXHU\ SDUDPHWHUMW IWBEBRBALQJ QDPH P\GRJ MSJ H[SLUHV Q
&217(17B7<3¥KH W\SH RI DQ\ H{WUD GDWD EHLQJ VPIRQWSHIWK WKH UHTXHVW
&217(17B/(1%RZ PXFK H[WUD GDWD LV EHLQJ VHQW ZLWK WKH UHTXHVW LQ

7TDEOH &*, (QYLURQPHQW 9DULDEOHYV
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2Q VWDQGDUG LQSXW

", WKHUH LV H[WUD GDWD WH 7Z(HEBVHUEFWIHY LWR WHE&*, SURJUDP RQ VWD

" 7KH &*, SURJUDP VHQGY GDWD EDFN WR WKH ZHE VHUYHU YLD VWDQGD!
" ,Q PRVW FDVHV WKH ZHE VHUYHU IRUZDUGYV WKLV GLUHFWO\ WR WKH FOLHQ'
KLFK PHDQV WKDW WKH &*, SURJUDP LV UHVSRQVLEOH IRU FUHDWLQJ KHDGF

&OLHQWYV DQG VHUYHUV QHHG D ZzD\ WR VSHFLI\ GDWD W\SHV WR HDFK
" 5SHPHPEHU E\WHV DUH MXVW E\WHYV

OXOWLSXUSRVH QWHUQGW(0NMWD Q®MHE VESBFLILHY KRZ WR GR WKLV

2UJDQL]JHY GDWD W\SHV LQWR IDPLOLHV DQG SURYLGHV D WZR SDUW QDPH I
Family Specific Type Describes

TH[W WH[W KWPO :HE SDJHV

,PDJH LPDJH MSHJ -3(* IRUPDW LPDJH
$XGLR DXGLR [ PS 03 DXGLR ILOH
9LGHR

YLGHR TXLFNWEPH 4XLFNWLPH YLGHR IRUPDW
$SSOLFDWLRQ USHOLAFWIDRMERBEH 3') GRFXPHQW

7TDEOH &RPPRQ 0,0( 7\SHV

6LPSOHVW SRVVLEOH &*, SD\V QR DWWHQWLRQ WR TXHU\ SDUDPHWHUYV
' -XVW SULQWV +70/ WR VWDQGDUG RXWSXW WR EH UHOD\HG WR WKH FOLHQW
$OVR SULSRNDOWWRMW KHMBSEHU WR WHOO WKH FOLHQW WR H[SHFW +70/

$QG D EODQN OLQH WR VHSDUDWH WKH KHDGHUV IURP WKH GDWD
.~ S\WKRQ S\WKRQ H[H

~ +HDGHUV DQG DQ H[WUD EODQN OLQH
'SULQW &RQWHQW W\SH WH[W KWPO?Q

. %RG\
SULQW KWPO! ERG\! SI+HOOR &*, S! ERG\! KWPO!

%XW WKH ZKROH SRLQW RI &*, LV WR JHQHUDWH FRQWHQW G\QDPLFDOC
' 6KRZ D OLVW RI HQYLURQPHQW YDULDEOHYV
. S\WKRQ S\WKRQ H[H

LPSRUW RV FJL

~ +HDGHUV DQG DQ H[WUD EODQN OLQH
'SULQW &RQWHQW W\SH WH[W KWPO?Q

 %RG\

'SULQW KWPO! ERG\!
'NH\V RV HQYLURQ NH\V
'NH\V VRUW

IRU N LQ NH\V

3 suLQw Sst'v Vv sS! FJL HVFDSH N FJL HVFDSH RV HQYLURQ>N@
' SULQW ERG\! KWPO!

<RX OO0 XVH WKLV IUHTXHQWO\ ZKHQ GHEXJJLQJ«
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+70/IRUMWOORZ XVHUV WR HQWHU WH[W FKRRVH LWHPV IURP OLVWV HYV
' 1RW QHDUO\ DV VRSKLVWLFDWHG DV GHVNWRS LQWHUIDFHYV
' $OWKRXJK SURJUDPPHUV DUH GRLQJ PRUH HYHU\ GD\ SDUWLFXODUO\ XVLQJ
&UHDWH D IRUPRNPLYOHPHQW
' DFWLRY WKH 85/ WR VHQG GDWD WR
" PHWKRSHFLILHV WKH W\SH RI +773 U32BXHVW WR VHQG H J
,QVLGH WKH IRUP FDQ KDYH
' VHOHFWOHPHQWY WR OHW XVHUV FKRRVH YDOXHV IURP D OLVW
" JLVW LWHPV VSHRSWHRBGXVHBHQW V
" LQSXWHOHPHQWYV IRU RWKHU NLQG RI GDWD
' JIW\SHVWH[WJHW D RQH OLQH WH[W HQWU\ ER]
' IW\SHVFKHFNERPHW DQ RQ RIlI FKHFNER]
' VXEPLWQGJHVHWUHDWH EXWWRQV WR VXEPLW WKH IRUP RU UH VHW WKH G

IRUP DFWLRQ KWWS ZZZ WKLUG ELW FRP FJL ELQ VLPSOHBIRUP S\ PHWKR
SIBHTXHQFH LQSXW QDPH VHTXHQFH W\SH WH[W YDOXH *$77%$&$ !
6HDUFK W\SH
VHOHFW QDPH VHDUFKBW\SH !
RSWLRQ!([DFW PDWFK RSWLRQ!
RSWLRQ VHOHFWHG VHOHFWHG !6LPLODULW\ PDWFK RSWLRQ!
RSWLRQ!6XE PDWFK RSWLRQ!
VHOHFW!
S!
SI3URJUDPYV
LQSXW FKHFNHG FKHFNHG QDPH SURJUDP W\SH FKHFNER[ YDOXH )52
LQSXW QDPH SURJUDP W\SH FKHFNER[ YDOXH )52* EHWD !)52* EHW
LQSXW FKHFNHG FKHFNHG QDPH SURJUDP W\SH FKHFNER[ YDOXH %D
S!
S!
LQSXW W\SH VXEPLW !
LQSXW W\SH UHVHW !
S!
IRUP!
ERG\!

JLIXUH $ 6LPSOH )RUP
I1RWLFH WKID@AM XWH&HP HQWQ RBBMWWULEXWH
" 7TKHVH EHFRPH WKH QDPHV RI WKH SDUDPHWHUYV WKDW WKH FOLHQW VHQGV \
" 7TKH LQSXW HOHPHQWY YDOXHV DUH WKH SDUDPHWHUV YDOXHV
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6XEPLWWLQJ WKH IRUP VKRZQ DERYH ZLWK GHIDXOW YDOXHV SURGXFHV
RV HQYLURQ> 5(48(67B0(3287 @
RV HQYLURQ> 6&5,37B1BDI( BLQ VLPSOHBIRUP S\

' RV HQYLURQ> &217(17BOSSO@FDWLRQ [ ZZZ IRUP XUOHQFRGHG
RV HQYLURQ> 5(48(67B/(1*7+ @

" 6WDQGDUG LQSXW
VHTXHQFH *$77%$&% VHDUFKBW\SH 6LPLODULW\ PDWFK SURJUDP )52* SURJI

" 'HFRXROPBQGOH IRUP GDWD GLUHFWO\
5HDG DQG SDUVH HQYLURQPHQW YDULDEOHYV
5HDG H[WUD GDWD IURP VWDQGDUG LQSXW
" 7KH PHFKDQLFVY DUH WKH VDPH HDFKHIWRBMXOMR GVWRBDWKRQ V
" '"HILQHV D GLFWLRQDU\)DH N B 6REERMHFIM FDOOHG
.H\V DUH SDUDPHWHU QDPHYV
9DOXHV DUH HLWKHU VWULQJV LI WKHUH V D VLQJOH YDOXH DVVRFDWLHG
" 'KHQ RQH LV FUHDWHG LW UHDGY DQG VWRUHYV LQIRUPDWLRQ FRQWDLQHG L
" 3URJUDP FDQ WKHQ UHDG\\HMWUDLQGDWD IURP
" ([DPSOH VKRZ WKH SDUDPHWHUV VHQG WR D VFULSW

XVU ELQ HQY S\WKRQ
LPSRUW FJL

'SULQW &RQWHQW W\SH WH[W KWPO?Q
'SULQW KWPO! ERG\!
"IRUP FJL )LHOG6WRUDJH
'IRU NH\ LQ IRUP NH\V
‘ YDOXH IRUP JHWYDOXH NH\
LI LVLQVWDQFH YDOXH OLVW

YDOXH > MRLQ YDOXH @
: SULQW S!'v v sSI FJL HVFDSH NH\ FJL HVFDSH YDOXH
SULQW  ERG\ KW P O
URL Value of aValue of b
KWWS ZZZ WKLUG ELW FRP VZF VKRZBSDUDPV S\"D 1RQH

KWWS Z7Z7ZZ WKLUG ELW FRP VZF VKRZBSDUDPV S\"D E KKHHOOOORR
KWWS ZzZZ WKLUG ELW FRP VZF VKRZBSDUDPV S\*D © KKHIOOORR D

" KHQ GHYHORSLQJ VFULSW%RIUW KHOWY¥Y WRLNGEGHBHDODWEH WRS
" FIJLWIE WKH &*, WUDFHEDFN PRGXOH
‘KHQ HQDEOHG LW ZLOO FUHDWH D ZHE SDJH VKRZLQJ D VWDFN WUDFH ZKHC
" THVWLQJ ZRHWKXGOWRYDOKH LV D VWULQJ RU D OLVW LV WHGLRXV
,Q DOPRVW DOO FDVHV \RX OO0 NQRZ ZKHWKHU WR H[SHFW RQH YDOXH RU PD
" 8VHLHOG6WRUDJH JHWILUWR 3DWPAVKH XQLTXH YDOXH
5HWXUQV WKH ILUVW LI WKHUH DUH PDQ\
" JLHOG6WRUDJH JHWO LD/OZ Q\Y/PBIHW XUQV D OLVW RI YDOXHV
(PSW\ OLVW LI WKHUH V QROGPWD DVVRFLDWHG ZLWK
", WKHUH V RQO\ RQH YDOXH JHW D VLQJOH LWHP OLVW
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2IWHQ ZzDQW WR FKDQJH WKH GDWD D VHUYHU LV PDQDJLQJ DV ZHOO D

' 8SGDWH D GHVFULSWLRQ RI DQ H[SHULPHQW

" &KDQJH \RXU SUHIHUUHG HPDLO DGGUHVYV
$GG LWHPV WR D VKRSSLQJ FDUW

<RXU &*, SURJUDPV FDQ GR WKLV DQ\ ZzD\ WKH\ ZzZDQW

" <RX ZDQW LW WR EH VLPSOH IDVW DQG VHFXUH«

" «EXW WKHVH DUH QRW DOzZD\V FRPSDWLEOH

7KH LQGXVWULDO VWUHQJIJWK VROXWLRQ LV WR XVH D UHODWLRQDO GD
$WKUHH WILHU EURKIMWARNFWYKERHUYHU GDWDEDVH

JLIXUH 7KUHH 7LHU $UFKLWHFWXUH

' &*, SURJUDP VWXIIV SDUDPHWHUV IURP +773 UHTXHVWYV LQWR 64/ TXHULHYV
5XQV WKH TXHULHYV
7TUDQVODWHY UHVXOWYV LQWR +70/ WR VHQG EDFN WR WKH FOLHQW

6LPSOH SURJUDPV FDQ RIWHQ JHW DZD\ ZLWK XVLQJ ILOHV

" 7KH &*, SURJUDP UH UHDGV WKH ILOH HDFK WLPH LW SURFHVVHVY D UHTXHVW
$QG UH ZULWHV LW LI WKHUH KDYH EHHQ DQ\ XSGDWHYV

([DPSOH DSSHQG PHVVDJHV WR D ZHE SDJH

' 20G PHVVDJHYVY DUH VDYHG LQ D ILOH RQH SHU OLQH

+L LV DQ\RQH UHDGLQJ WKLV VLWH"

', ZDV ZRQGHULQJ WKH VDPH WKLQJ

., ZDVQ W VXUH LI ZH ZHUH VXSSRVHG WR SRVW KHUH
*RRG SRLQW ,V WKHUH ZD\ WR GHOHWH PHVVDJHV"

6FULSW FKHFNV WKH LQFRPLQJ SDUDPHWHUV WR GHFLGH ZKDW WR GR
,JIQHZPHVVIDUMKHUH DSSHQG LW DQG GLVSOD\ UHVXOWYV
J(JQHZPHVVIDUWMWHUH VRPHRQH V YLVLWLQJ WKH SDJH UDWKHU WKDQ VXEPL

XVU ELQ HQY S\WKRQ

LPSRUW V\V FJL
LPSRUW FJLWE FJLWE HQDEOH
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~ *HW H[LVWLQJ PHVVDJHYV

LQILOH RSHQ PHVVDJHV W[W U

'OLQHV >[ UVWULS IRUJ[LQ LQILOH UHDGOLQHV @
LQILOH FORVH

. $GG PRUH GDWD"
IRUP FJL )LHOGB6WRUDJH
LI IRUP KDVBNH\ QHZPHVVDJH
| OLQHV DSSHQG IRUP JHWILUVW QHZPHVVDJH
RXWILOH RSHQ PHVVDJHV W[W Z
IRU OLQH LQ OLQHYV
SULQW !l RXWILOH OLQH
RXWILOH FORVH

. 'LVSOD\
'SULQW &RQWHQW 7\SH WH[W KWPO?Q
'SULQW KWPO! ERG\
'IRU OLQH LQ OLQHYV
| SULQW S OLQH S!
SULQW
" IRUP DFWLRQ KWWS ZZZ WKLUG ELW FRP VZF PHVVDJHBIRUP S\ PHWKRG
SI<RXU PHVVDJH
LQSXW QDPH QHZPHVVDJH W\SH WH[W !
S
S!
LQSXW W\SH VXEPLW !
LQSXW W\SH UHVHW !
S
IRUP!

SULQW  ERG\! KWPO!
1RWH WKHUH LV QR VWDWLF +70/ SDJH

" :KDW WKH XVHU VHHV LV DOZD\V JHQHUDWHG E\ D SURJUDP

1RWH DOVR D ORW RI WKLV SURJUDP LV GHYRWRGOMRVARS\LQJ YDOXHYV LQWF

7KHUH DUH ORWV RI JRRG VI\VWHPV RXW WKHUH LQ PDQ\ ODQJXDJHV IRU G

:KDW KDSSHQV LI WZR XVHUV WU\ WR VDYH PHVVDJHVY DW WKH VDPH WL

JLUVW LQVWHIVYPHHBIRWRPSBOWVVDIHY WHDGY OLQHV FORVHV ILOH

6HFRQG LQVW DRHAH B SH) WHDNGH VD P H FIOLRMHW ILOH

JLUVW LQVWDQFH UH RSHQV ILOH ZULWHV RXW RULJLQDO GDWD SOXV RQH Q
6HFRQG LQVWDQFH UH RSHQV ILOKG LZIHIQM@VORROW RULIJLQDO SOXV D

JLUVW LQVWDQFH V PHVVDJH KDV EHHQ ORVW

$ UDFH FRQGLWLRQ

6ROXWLROGRBKKMWR OH

$V WKH QDPH LPSOLHV JLYHV RQH SURFHVV H[FOXVLYH ULJKWV WR WKH ILO}

$IWHU WKH | LDNWK ISWKRF IDRVFN DQ\ RWKHU SURFHVYV W KD W XWSIHHMEWE. O HADKCH R |
UHOHDWHYV

OHFKDQLFVY DUH GLIIHUHQW RQ GLIITHUHQW RSHUDWLQJ V\VWHPV

%XW WKH 3\WKRQ &RRNERRN LQFOXGHY D JHQHULF ILOH ORFNLQJ IXQFWLRQ

ORGLILHG VROXWLRQ

2SHQ ILOH
$FTXLUH ORFN

, ] VRPHRQH HOVH LV XVLQJ WKH ILOH EORFNV XQWLO ILOH LV DYDLODEOH
5HDG H[LVWLQJ PHVVDJHV
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, ] WKHUH V D QHZ PHVVDJH

" 6HHWR WKH EHJLQQLQJ RI WKH ILOH

" 2YHUZULWH GDWD

$QG RK \HDK UHOHDVH WKH ORFN

" 2WKHUZLVH HYHU\RQH HOVH ZLOO ZDLW IRUHYHU

XVU ELQ HQY S\WKRQ

%LPSRUW ViV FJL IFQWO
' LPSRUW FJLWE FJLWE HQDEOH

 *HW H[LVWLQJ PHVVDJHV

PVJILOH RSHQ PHVVDJHV W[W U

IFQWO IORFN PVJILOH ILOHQR IFQWO /2&.B(;
'OLQHV >[ UVWULS IRU[LQ PVJILOH UHDGOLQHV @

. $GG PRUH GDWD"
IRUP FJL )LHOGG6WRUDJH
LI IRUP KDVBNH\ QHZPHVVDJH
f OLQHV DSSHQG IRUP JHWILUVW QHZPHVVDJH
PVJILOH VHHN
IRU OLQH LQ OLQHYV
SULQW !! PVJILOH OLQH

. 8QORFN DQG FORVH
IFQWO IORFN PVJILOH ILOHQR IFQWO /2&.B81
'PVJILOH FORVH

. 'LVSOD\
'SULQW &RQWHQW 7\SH WH[W KWPO?Q
'SULQW KWPO! ERG\!
'IRU OLQH LQ OLQHYV
§ SULQW S OLQH S!
SULQW
. IRUP DFWLRQ KWWS ZZZ WKLUG ELW FRP VZF ORFNLQJBIRUP S\ PHWKRG
SI<RXU PHVVDJH
LQSXW QDPH QHZPHVVDJH W\SH WH[W !
S!
S!
LQSXW W\SH VXEPLW !
LQSXW W\SH UHVHW !
S!
IRUP!

%SULQW ERG\! KWPO!

:KDW DERXW PDLQWDLQLQJ VWDWH RQ WKH FOLHQW VLGH"

1HHG WR NQRZ ZKLFK VKRSSLQJ FDUW WR GLVSOD\ IRU D SDUWLFXODU XVHU
%XW +773 LV D VWDWHOHVYVY SURWRFRO

,/ D FOLHQW PDNHV D VHFRQG RU WKLUG RU IRXUWK« UHTXHVW VHUYHU KI
' &DQ JXHVVY EDVHG RQ KRVW HODSVHG WLPH HWF

"% XW LW V MXVW D JXHVYV

6ROXWLRQ LV IRU WKHERRNYHU WR FUHDWH D

$ VWULQJ WKDW LV VHQW WR WKH FOLHQW LQ DQ +773 UHVSRQVH KHDGHU
&OLHQW VDYHV LW HLWKHU LQ PHPRU\ RU RQ GLVN

7KH QH[W WLPH WKH FOLHQW VHQGY D UHTXHVW WR WKH VLWH LW VHQGV WI|
/LNH JLYLQJ VRPHRQH D FODLP FKHFN IRU WKHLU OXJJDJH
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" 7R FUHDWH D FRRNLH
&UHDWH DQ LQRRNIH BLRISOH&RRNLH
'R QRWEeRDHUW&RRINWHLY SRWHQWLDOO\ LQVHFXUH
' $G6G YDOXHV WR WKH FRRNLH LW DFWV OLNH D GLFWLRQDU\
" 7\SLFDOO\ DGG WKLQJVY OLNH WKH XVHU V ," WKH WLPH RI WKH YLVLW HWF
&RQYHUW LW WR D VWULQJ H J E\ SULQWLQJ LW WR FUHDWH WKH UHTXLUH
" 7R XVH D FRRNLH
" &UHDWH D FRRNLH
" *HW WKH YDOXH DVVRFLDWHG ZLWK7W3IBERADYLURQPHQW YDULDEOH
3DVV WKDW YDOXHORDRHRHK RBRNLH V
" ([DPSOH FRXQW WKH QXPEHU RI WLPHV D XVHU KDV YLVLWHG D ZHE VL
, ] WKHUH V QR FRRNLH FUHDWH RQH ZLWK D FRXQW RI
" 2ZWKHUZLVH LQFUHPHQW WKH FRXQW
" &UHDWH D QHZ FRRNLH WR VHQG EDFN WR WKH XVHU
'LVSOD\ WKH FRXQW

XVU ELQ HQY S\WKRQ

%LPSRUW VIV RV &RRNLH
' LPSRUW FJLWE FJLWE HQDEOH

. *HW ROG FRXQW
"FRXQW
LI RV HQYLURQ KDVBNH\ +773B&22.,(
f FRRNLH &RRNLH 6LPSOH&RRNLH
FRRNLH ORDG RV HQYLURQ> +773B&22.,( @
LI FRRNLH KDVBNH\ FRXQW
FRXQW LQW FRRNLH> FRXQW @ YDOXH

. &UHDWH QHZ FRXQW
"FRXQW

"FRRNLH &RRNLH 6LPSOH&RRNLH
"FRRNLH> FRXQW @ FRXQW

~ 'LVSOD\
SULQW &RQWHQW 7\SH WH[W KWPO
'SULQW FRRNLH

SULQW
'SULQW KWPO! ERG\!
SULQW S!9LVLWV G S! FRXQW

SULQW ERG\! KWPO!

' &DQ FRQWURO KRZ ORQJ D FRRNLH LV YDOLG E\ VHWWLQJ DQ H[SLU\ YD
(LWKHU WKH QXPEHU RI PLOOLVHFRQGV
2U WKH WLPH LW VKRXOG H[SLUH LQ 87&
' 8VMWVLPH DVFWLPH WLPH JPWLPH
' ":DUQLQXQRSRW VHQVLWLYH LQIRUPDWLRQ LQ FRRNLHYV
%URZVHUV VWRUH WKHP LQ ILOHV RQ GLVN
' 9LOODLQV FDQ ZDWFK QHWZRUN WUDIILF DQG VWHDO GDWD
' &RRNLHV VKRXOG LQVWHDG EH UDQGRP YDOXHV WKDW DFW DV NH\V LQ
7DON DERXW WKLV PRUH LQ WKH QH[W OHFWXUH

" &*, LV HI[DPEOHRW GULYHQ SURJUDPPLQJ
7KH IUDPHZRUN LQYRNHV \RXU FRGH DW VSHFLILF WLPHVY DQG SDVVHV LW V&
:KDW KDSSHQV WKH UHVW RI WKH WLPH LVQ W \RXU FRQFHUQ
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$W OHDVW XQWLO VRPHWKLQJ JRHV ZURQJ DQG \RX KDYH WR GHEXJ LW
" 6LPSOH &*, SURJUDPV FDQ DFFRPSOLVK D ORW
" 7KH HQWLUH ILUVW JHQHUDWLRQ RI ZHE DSSOLFDWLRQV ZHUH EXLOW WKLV Z
" % XW SOHDVH DWWHQG WKH QH[W OHFWXUH RQ VHFXULW\ EHIRUH PDNL
WRS

Security

'UDIW 9HUVLRQ

" 7KLV PD\ EH WKH PRVW LPSRUWDQW OHFWXUH LQ WKH FRXUVH
" $VVXPLQJ \RX FDUH DERXW \RXU GDWD \RXU EDQN DFFRXQW \RXU UHSXWDW
" «DQG WKRVH RI RWKHUYV
" &RPSXWHU VHFXULW\ LV D FROOHFWLYH UHVSRQVLELOLW\
$ VIVWHP LV RQO\ DV VWURQJ DV LWV ZHDNHVW FRPSRQHQW
", \RX DUH FUHDWLQJ &*, VFULSWV RU VHQGLQJ GDWD RYHU WKH ZHE \RX DL
" ,PSRVVLEOH WR FRYHU DQ\WKLQJ PRUH WKDQ WKH EDVLFV LQ WKLV OH
SOHDVH GRKIGIbH@® DOEKOYHLH@ IRU EURDGHU QRQ DODUPLVW FRYHUDJH
I \RX ZDQW WKH/GRA/IVRY WKDEFHDQRERXGLV@

" 6HFXULW\ VA\VWHPV WU\ WR DFKLHYH PDQ\ RIWHQ FRQWUDGLFWRU\ JRI
/[HW HYHU\RQH ZKR VKRXOG EH DEOH WR GR VRPHWKLQJ GR LW HDVLO\«
" «ZKLOH EORFNLQJE&RR SHGPXEKARH W R «
" «DQG JIDWKHULQJ LQIRUPDWLRQ DERXW WKHLU DWWHPSWYV
' $00 WKUHH SDUWV DUH LPSRUWDQW
ORVW SHRSOH DUH WUXVWZRUWK\ PRVW RI WKH WLPH
" BUHYHQWLQJ OHJLWLPDWH XVHUV IURP GRLQJ WKLQJV DQQR\V WKHP
", SHRSOH DUH VXIILFLHQWO\ DQQR\HG WKH\ OO0 WXUQ VHFXULW\ RIl RU IL
([IDPSOH EHVW ZD\ WR HQVXUH YLOODLQV FDQ W DFFHVV GDWD LV WR HUD\
«ZKLFK HQFRXUDJHV SHRSOH WR ZULWH LW GRZQ RQ VFUDSV RI SDSHU
" +DYH WR GHVLJQ WKH VA\VWHP IRU WKH YLOODLQRXV PLQRULW\
" $Q\ VAIVWHP WKDW UHOLHV RQ WUXVW ZLOO HYHQWXDOO\ EH DEXVHG
%H KRQHVWD GRBRW D TXDUWHU LQ WKH MDU ZKHQ \RX JHW D FXS RI FRIIHF
.HHSLQJ WUDFN RI KRZ YLOODLQV DUH WU\LQJ WR EUHDN LQ LV DOPRVW DV
"' $ JRRG ZD\ WR ILQG KROHV LQ \RXU VA\VWHP
" 2IWHQ LPSRUWDQW WR EXLOG DQ DXGLW WUDLO LQ RUGHU WR WDNH OHJDO

" 7KLV LV WKH RQO\ HIFODPDWLRQ PDUN LQ D WRSLF WLWOH LQ WKH ZKR
" ORVW VXFFHVVIXO/RWWDFNEG JXUOIMWHUH D WKDQ WHFKQRORJ\

&DOO XS \RXU EDQN DQG VHH LI \RX FDQ JHW \RXU FUHGLW FDUG EDODQFH Z

+HOSV LI \RX VRXQG OLNH D JUDQGPRWKHU ZKR LV FORVH WR WHDUV EHFDXV

" 6HFRQG PRVW VXFFHVVIXO zD\ WR DWWDFN D V\VWHP LV WR JHW D MRE

" %XUQ DQ H[WUD FRS\ RI FUHGLW FDUG GDWD ZKLOH EDFNLQJ XS WKH VHUYHL

7DNH QRWHV RI DOO WKH 3WR EH IL[HG ODWHU" SRLQWV WKDW FRPH XS GXUL
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ObQ\ FRPSDQLHV FKRRVH QRW WR SUHVV FKDUJHV UDWKHU WKDQ GHDO ZLW|
([DPSOH $2/ HPSOR\HH VROG PLOOLRQ FXVWRPHU UHFRUGVY WR D VSDPPHU
" &RPELQDWLRQ RI LQVLGH MRE DQG VWHDOLQJ WKH FUHGHQWLDOV RI PRUH
" ([SORLWLQJ FDUHOHVVQHVV LV WKH WKLUG
ODQ\ SHRSOH GRQ W ERWKHU WR FKDQJH WKH GHIDXOW SDVVZRUG RQ WKHLU
0bQ\ PRUH FKRRVH HDVLO\ JXHVVHG SDVVZRUGV
" 3(DVV LI \RX KDYH WKH ULJKW WRROV WKDW LV
" % XW UHPHPEHU RQFH RQH YLOODLQ EXLOGVY D WRRO WKH\ FDQ DOO XVH L
" ,Q IDFW WHFKQRORJ\ RIWHYWODXNMNHY V\VWHPV
([DPSOH IDFLDO UHFRJQLWLRQ VRIWZDUH WKDW ZRUNV FRUUHFWO\ Rl WK
" 6R RQH SHUVRQ LQ D KXQGUHG LV PLVWDNHQO\ LGHQWLILHG DV D SRWHQWLL
' SDVVHQJHUV D GD\ LQ D EXV\ DLUSRUW
7KDW V RQH IDOVH DODUP HYHU\ VHFRQGYV
+RZ PXFK DWWHQWLRQ GR \RX WKLQN WKH JXDUGV ZLOO SD\ WR WKH V\VWHP
" 7KHUH LV VWLOO D ORW \RX FDQ GR ERWK DV D XVHU DQG DV D SURJUI
" 7KLY OHFWXUH FRQFHQWUDWHY RQ WKH ODWWHU

" 6HFXULW\ VAIVWHPY DUH UHVSRQVLEOH IRU
" S XWKHQWIZAKIRVD BB \R X"
" SXWKRULIDWMRLRY) DOORZHG WR GR ZKDW"
" $FFHVV FRORWUBOH DXWKRUL]DWLRQ UXOHV HQIRUFHG"
"(YHU\ HISORLW DWWDFNV RQH RU PRUH RI WKHVH
" &RQYLQFH WKH VA\VWHP \RX DUH VRPHRQH HOVH
$ UHIJXODU XVHU LI \RX UH WU\LQJ WR EX\ VWXII ZLWK VRPHRQH HOVH V FU
$Q DGPLQLVWUDWRU RU VRPHRQH HOVH ZLWK VSHFLDO SULYLOHJHV
" &RQYLQFH LW WKDW \RX UH DOORZHG WR GR VRPHWKLQJ \RX UH QRW
"(J JLYH \RXUVHOI DGPLQLVWUDWLYH SULYLOHJHYV
&GLUFXPYHQW LWV HQIRUFHPHQW RI WKH UXOHV
$ EURZVHU EXJ OHWV -DYDVFULSW LQ D SDJH VHQG FRSLHV RI \RXU FRRNLH
" KHQ DQDO\LQJ VHEXULW\ ORRN IRU ZzD\V WR FRPSURPLVH WKH WKUHH
" 8VHGHIHQVH L Q GHSWK
, \RXU ILUVW VHFXULW\ PHFKDQLVP IDLOV LV WKHUH DQRWKHU RQH EHKLQG
5HPHPEHU WKH UHDO SXUSRVH RI D ELF\FOH ORFN LV WR FRQYLQFH WKLHYH
" JLUVW VWHSULY N OXYMHWVVPHQW
" 'KDW LV PRVW LPSRUWDQW WR \RX"
, H ZKDW ZLOO FDXVH WKH PRVW SDLQ LI LW V EURNHQ RU EURNHQ LQWR"

" $Q\RQH ZKR NQRZV WKH 85/ RI \RXU ZHE DSSOLFDWLRQ FDQ VHQG LW Gl
, H DQ\RQH ZKR KDV D ZHE EURZVHU NQRZV KRZ WR 39LHZ 6RXUFH" DQG FD
" 7TKHUHIRUH QR JXDUDQWHH WKDW WKH +773 UHTXHVW \RX UHFHLYH ZDV
" 7TKH LQSXW SURYLGHG IRU D VHOHFWLRQ OLVW PD\ QRW EH RQH RI WKH YDO X
" 7KH LQSXW IRU D WH[W ILHOG PD\ EH ORQJHU WKDQ WKH PD[LPXP \RX VSHFLI
6RPH SDUDPHWHUV PD\ HB(BKkBGLRIAKNIR®PH XQH[SHFWHG RQHYV PD\ EH SUHVHQ
' 48(5<B675,RP\ QRW HYHQ EH IRUPDWWHG DFFRUGLQJ WR WKH +773 VSHFLILFD
" <RX PX\DWLCBOWHRI WKH LQSXW EHIRUH XVLQJ LW
&KHFN WKDW DOO WKH SDUDPHWHUV \RX H[SHFW DQG RQO\ WKRVH DUH SUH
" &KHFN WKDW YDOXHV PHHW FRQVWUDLQWYV
<RX XVXDOO\ KDYH WR GR WKLV DQ\zZD\
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(J FKHFN WKDW WKH VWULQJ SURYLGHG IRU 3$WRPLF 1XPEHU" DFWXDOO\
2U WKDW D YLOODL @G KIDAWVHQ W U B BSWRUIHGH LQ WKH TXHU\ VWULQJ
ODNH VXUH WKDW VSHFLDO FKDUDFWHUYVY KDYH EHHQ HVFDSHG
%XW ZDWFK RXW IRU GRXEOH HVFDSLQJ
$Q0G GRQ W UHLQYHQW WKH ZKHHO HYHU\ ODQJXDJH V OLEUDU\ KDV URXWL
" ,Q SUDFWLFH LI LQSXW FDQ W EH YDOLGDWHG EHVW WR UHMHFW WKH
2QH H[FHSWLRQ LI \RXU DSSOLFDWLRQ LV HYROYLQJ \RX PLJKW ZDQW WR Vt

' $0zZD\V FKHFN ILOHQDPHYV VXSSOLHG E\ XVHU
-XVW D VSHFLDO FDVH RI WKH SUHFHGLQJ UXOH EXW DQ LPSRUWDQW RQH
" ([DPSOH FRQWUROOLQJ DFFHVV WR GRFXPHQWYV
$00 \RXU GRFXPHQWWEOGRHVEHORZ
'KHQ \RX JHW D 85/ \RXWFBHF® WKDAME GRMAR SUHYHQW SHRSOH IURP DFFHVVL
KRPH GNQXWK JUDGHV [VO

6R VRPHRQH VHIME/ GRERV KRPH GNQXWK JUDGHV [VO
' BROXWLRQ QRUPDOL]H SDWKV EHIRUH XVLQJ WKHP DQG WKHQ FKHFN ZKHWK
RSHQ XS

' $QDO\VLV FLUFXPYHQWLQJ DFFHVV FRQWURO
%XW DOVR XVLQJ D ZHDNQHVV LQ DXWKRUL]DWLRQ
7KH ZHE VHUYHU ZKLFK LV UXQQLQJ WKH &*, RQ WKH FOLHQW V EHKDOI VK
DEVROXWHO\ QHHG WR

' ([DPSOH WHPSRUDU\ ILOHV
' :KLOH KDQGOLQJ UHTXHVWV D &*, WBBEDWHV PJWGHPWRHDH\ ILOHLV D UDQGRP
$ YLOODLQ ZLWK DQ DFFRXQW RQ WKH V\VWHP ZULWWW 8R BFWKRIWIBHVSW WK

"KHQ LW ILQGVY RQH LW PDNHV D FRS\ IRU WKH YLOODLQ WR LQVSHFW ODW!
2U RYHUZULWHV LWV FRQWHQWY ZLWK IDEULFDWHG GDWD

' $QDO\VLV"

" 6XSSRVH \RX ZDQW WR EXLOG D VHDUFK HQJLQH
' &DQ W EH ERWKHUHG WR ORRN IRU VWUOURBY DQVME BVYRRKMMVHOI VR \RX UXQ

XVU ELQ HQY S\WKRQ
LPSRUW RV FJL

'IRUP FJL )LHOG6WRUDJH

"WHUP IRUP> WHUP @

"FPG JUHS V GDWD W[W WHUP
'LQVWUHDP RV SRSHQ FPG U
"UHVXOWV LQVWUHDP UHDGOLQHYV
LQVWUHDP FORVH

'SULQW &RQWHQW W\SH WH[W KWPO?Q
'SULQW KWPO! ERG\!

IRU OLQH LQ UHVXOWV

] SULQW S! FJL HVFDSH OLQH S!
'SULQW ERG\! KWPO!

' :KDW KDSSHQV LI VRPHRQH WHUGPVGXBBA ZEMX QX00 UP Ul
FPEHFRPHMS WHUP GXPP\ GHY QXOO UP Ul GDWD W[W
JUHSURGXFHV QR RXGHX\@ XBO@OEZD\V HPSW\

" 7TKHQ WKH ZHE VHUYHU GHOHWHYV HYHU\WKLQJ LW FDQ UHFXUVLYHO\
2RSV
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' $GGLQJ TXRWHYVY DURXQG WHUPVY DQG HVFDSLQJ VSHFLDO FKDUDFWHUV

5LJKW VROXWLRQ GRQ W UHO\ RQ H[WHUQDO SURJUDPV

ORUH VSHFLILFDOO\ LI WKHUH V D OD\HU RI LQWHUSUHWDWLRQ EHWZHHQ \R’
IRUD YLOODLQ WR DWWDFN

1RWH WKDW WKH VDPH WKLQJ FDQ KDSSHQ HYHQ LI \RX GRQ W UHO\ RQ
JIH[SWV D VWYDQJH[IWWHUSUHWY LW DV LI LW KDG EHHQ W\SHG LQ WKHQ DQ:
6RPHWLPHV XVHG WR OHW SHRSOH VSHFLI\ FRPSOH[ VHDUFK FULWHULD

+773 UHTXHVW FBODWHDULO UHFRUG OHIW UHFRUG ULJKW OW
&*, SOXJV LW LQWR D VWDQGDUG ORRS

XVU ELQ HQY S\WKRQ
LPSRUW RV FJL

'IRUP FJL )LHOG6WRUDJH
"FULWHULD IRUP> FULWHULD @
"UHVXOWV >@
'IRU UHFRUG LQ UHDG5HFRUGYV
f NHHS HYDO FULWHULD
LI NHHS
UHVXOWY DSSHQG UHFRUG WLWOH

'SULQW &RQWHQW W\SH WH[W KWPO?Q
'SULQW KWPO! ERG\!

'IRU WLWOH LQ UHVXOWYV

SULQW S! FJL HVFDSH WLWOH S!
SULQW ERG\! KWPO!

%XW LW KDV WKH VDPH SUREOHP DV XVLQJ WKH VKHOO

([HUFLVH IRU WKH UHDGHU FRQVWUXFW DQ +773 TXHU\ VWULQJ WKDW ZLOC

' 64/ LOQOMHPWDRYDULDWLRQ RQ WKH WKHPH

<RXU SURJUDP H[SHFWV D XVHU QDPH
&RQVWUXFWYV 64/ WR TXHU\ WKH GDWDEDVH OLNH WKLV

 TXHU\ 6(/(&7 )520 'DWD :+(5( 8VHUQDPH V XVHUQDPH
'FXUVRU H[HFXWH TXHU\
"UHVXOWYV FXUVRU IHWFKDOO

7KH UHVXOWLQJ 64/ LV OHJDO DOO WKH TXRWHV PDWFK EXW SUREDEO\ LV(Q
&URVV VLWHLVAMKBWIDPH SUREOHP LQ DQRWKHU JXLVH

, ] D EXOOHWLQ ERDUG RU GLVFXVVLRQ IRUXP OHWV \RX SRVW +70/ \RX FDQ 1
:KHQ VRPHRQH YLHZV ZKDW \RX ZURWH WKHLU EURZVHU UXQV WKDW -DYDVF
W FDQ KDUYHVW LQIRUPDWLRQ IURP \RXU PDFKLQH DQG SRVW LW WR WKH D

" (QFU\SWY.RMKXKH SURFHVV RI REVFXULQJ LQIRUPDWLRQ VR WKDW LW FDQ

SBHFRYHULQJ WKH LQIRKUHPBPWERQRY FDOOHG

$Q DOJRULWKP IRU HQFU\SWLQJ PIOSXIBHFU\SWLQJ LV FDOOHG D
2ULJLQDO DQG HQFU\SWH G_SPOI/VD\G B I/\SOXWHHY W B W FVEL Y H O \

$00 FODVVLFDO SUH V\PPHWSKFHUV DUH

6DPH NH\ LV XVHG IRU ERWK HQFU\SWLRQ DQG GHFU\SWLRQ

:KLFK PHDQV WKDW WKH NH\ FDQ RQO\ EH VKDUHG DPRQJ WUXVWHG SDUWLH\
$V\PPHWUSKHUV KDYH WZR NH\V

(DFK XQGRHV WKH RWKHU V HIIHFWYV

3UDFWLFDOO\ LPSRVVLEOH WR GHWHUPLQH RQH JLYHQ WKH RWKHU
$V\PPHWULF VI\VWHPV BXHE RIWWENAPYOHG
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3XEOLVK RQH NH\ NHHS WKH RWKHU VHFUHW
7KH SXEOLVKHG NHEXNFCOHTFOWKMMGXWERNKMEOLVKHG RQHYDWHDNDHOHG WKH
" 7\SLFDOO\ SRVVLEOH WR GHULYH WKH SXEOLF NH\ IURP WKH SULYDWH RQH
" $Q\RQH ZKR ZDQWV WR VHQG D PHVVDJH WR \RX HQFU\SWV LW XVLQJ WKH SX
<RX UH WKH RQO\ RQH ZKR FDQ GHFU\SW LW
I \RX zDQW WR VHQG D PHVVDJH WKDW FRXOG RQO\ KDYH FRPH IURP \RX HQ
", LW FDQ EH GHFU\SWHG E\ \RXU SXEOLF NH\ LW PXVW KDYH FRPH IURP \R>

J)LIXUH 6HFXUH &RPPXQLFDWLRQ ZLWK $V\PPHWULF .H\V
1RWH V\PPHWULF HQFU\SWLRQ LV W\SLFDOO\ PDQ\ WLPHV IDVWHU WKD

8vXDO VFKHPH WKHVH GD\V LV WR XVH DV\PPHWULF HQFU\SWLRQ VORZ WR |
7TKHQ XVH WKH V\PPHWULF NH\ IDVW IRU WKH UHVW RI WKH WUDQVDFWLRQ

+773 VHQGYV GDWD DV FOHDUWH[W
$V LV WRR RIWHQ WKH FDVH VHFXULW\ ZDV LJQRUHG LQ +773 V RULJLQDO Gt
I1HWVFDSH ODWHU GHYHORSHG +7736 6HFXUH +773 WR SURWHFW FRQII
' 8VHV D GLIIHUHQW SRUW L & VW G8 R/l L Q \SKIWIMER RR O
' (QFU\SWV GDWD EHWZHHQ WKH EURZVHU DQG WKH ZHE VHUYHU
' '"RHV QRW JXDUDQWHH VHFEXUH VWRUDJH RQ WKH VHUYHU
)DU WRR PDQ\ ZHE VLWHV VWRUH VHQVLWLYH LQIRUPDWLRQ LQ GDWDEDVH)\
*LYHV YLOODLQV DQRWKHU SRLQW RI DWWDFN
$ORWKHU IODZ LQ +773 LV LWV EXLOVEDWLS DXWYRHGWIDFQGWLIR@WI FDOOH
' BHQGV WKH XVHU QDPID\D GG HDWWHARW G
$FWXDOO\ HQFRGHG XVLQJ EDVH «
«EXW WKDW V QRW D FLSKHU
' THYHU XVH +773 EDVLF DXWKHQWLFDWLRQ
' 1IRWH KDYLQJ XVHUV VXEPLW ,' DQG SDVVZRUG YLD D IRUP LV DOVR LQVHEXL
JRUP GDWD LVQ W HQFU\SWHG
$OWHUQDWLYH
' +DYH XVHU SURYLGH ,' DQG SDVVZRUG RYHU VHFXUH FRQQHFWLRQ
' 8VH D UDQGRP QXPEHU DV D FRRNLH
'R QRW MXVW XVH D VHTXHQFH RI LQWHJHU VHVVLRQ ,'V WRR HDV\ IRU DWV
*LYH WKDW WR WKH FOLHQW WR WUDFN WKH VHVVLRQ
' :KHQ LW FRPHV EDFN XVH LW DV D NH\ LQWR D GLFWLRQDU\ RI DFWLYH VH\
6WLOO QRW SHUIHFW
.l YLOODLQV FDQ VQRRS RQ CHWDBRNMNLROQNIILF WKH\ FDQ
,QVHUW D FRS\ Rl \RXU FRRNLH LQWR WKHLU PHVVDJH
' $OVR YXOQHUBPOM DWRWDFNYV
' & RS\ WKH FRRNLH RU DQ HQWLUH PHVVDJH DQG UH VHQG LW ODWHU
8VHIXO LI WKH PHVVDJH PHDQV *RSHQ WKH YDXOW GRRU"’
I1RWH QRQH RI WKLY KHOSV LI WKHUH LV VS\ZDUH RQ WKH FOLHQW PDF
' 7KHVH GD\V WKLV LV PXFK PRUH OLNHO\ WKDQ VRPHRQH VQLIILQJ QHWZRUN
' _HHS \RXU DQWL YLUXV SURWHFWLRQ DQG VS\ZDUH PRQLWRUV XS WR GDWH
'KDW HOVH LV WKHUH IRU \RXU PDFKLQH WR GR DW DP"

$0zZD\V FRQVXOW DQ H[SHUW ZKHQ GHVLJQLQJ D V\VWHP WKDW UHOLHYV
(DV\V WR XVH D SHUIHFWO\ JRRG FLSKHU LQ D zDb\ WKDW HLWKHU ZHDNHQV WK
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([IDPSOH ZLUHOHVYV QHWZRUNLQJ WRRN D FLSKHU WKDW LV VHFXUH ZKH
«DbQG FUHDWHG D VA\VWHP ZKLFK JLYHV DZD\ ERWK \RXU GDWD DQG \RXU SUL)
" TKHQ WKH\ EXUQHG LW LQWR 520 RQ PLOOLRQV RI GHYLFHV
"1HYHU UHO\ RQ NHHSLQJ \RXU DOJRULWKP VHFUHW
6HFXULW\ PXVW GHSHQG RQO\ RQ VHFUHF\ RI NH\V
" 1HYHU GHVLJQ \RXU RZQ FLSKHUV
" 8QOHVV \RX KDYH D 3K' LQ FU\SWRJUDSK\ LQ ZKLFK FDVH \RX VKRXOG EH W
" 8VH WKH EHVW ZHOO NQRZQ FLSKHUV2WKH\ KDYH EHHQ WKRURXJKO\ WHVWHC
‘(6 RU $(6 IRU VAPPHWULF HQFU\SWLRQ
56% '6% RU (& '6% IRU SXEOLF NH\

" 7KLV OHFWXUH KDV RQO\ VFUDWFKHG WKH VXUIDFH
+DYH GLVFXVVHG RQO\ D WLQ\ IUDFWLRQ RI WKH LVVXHV WKDW SURJUDPPHU"
" +DYHQ W WDONHG DERXW XVHU OHYHO LVVXHV DW DOO
", \RX DUH JRLQJ WR GR DQ\WKLQJ WKDW V HYHQ D OLWWOH ELW FRPSO
7KH JX\ GRZQ WKH KDOO ZKR RQFH UHDG DQ 2 5HLOO\ ERRN RQ 3HUO GRHVQ
WRS

Teamware

'UDIW 9HUVLRQ

' 1R SURJUDPPHU LV DQ LVODQG
' <RX PD\ EH WKH RQO\ SHUVRQ ZULWLQJ FRGH WRGD\ EXW \RX
3UREDEO\ GHSHQG RQ WRROV DQG OLEUDULHV ZULWWHQ E\ RWKHU SHRSOH
0D\ KDYH LQKHULWHG WKH SURMHFW IURP VRPHRQH HOVH
' 2XJKW WR EH WKLQNLQJ DERXW ZKR V JRLQJ WR WDNH RYHU RQFH \RX UH J
' $V RSHQ VRXUFH VSUHDGV EHLQJ DEOH WR ZRUN LQ WHDPV EHFRPHV H
' 7KLV OHFWXUH ORRNV DW VRPH RI WKH WKLQJV WHDPV KDYH WR GR WR
$00 RI ZKLFK ZLOO PDNH \RX PRUH SURGXFWLYH DV DQ LQGLYLGXDO WRR
' QWURGXFH WKH LGHDV E\ VKRZLQJ \RX KRZ WR XVH D ZHE EDVHG SURM
' 2SHQ VRXUFH
5HOLDEOH
(DV\ WR VHW XS DQG LQVWDOO
' ORGXODU VR WKDW \RX FDQ DGG QHZ IHDWXUHV UHODWLYHO\ HDVLO\

" 7UDF LV D 3\WKRQ &*, SURJUDP WKDW SURYLGHYV

$UHSRVLWRU\VRURKDMU XVHUV FDQ LQVSHFW WKH FRQWHQWY DQG KLVWRU\ R

" $QLVVXH WIRDFRBIQDJLQJ D VKDUHG WR GR OLVW

" ODLOLQJIJWR \KW®S JURXSYVY VWD\ LQ WRXFK
$ZLNRU FUHDWLQJ ZHE SDJHV DQG PDNLQJ OLQNV WR RWKHU LWHPV LQ 7UDF
$URDGPDRRU NHHSLQJ WUDPENORMV\EFRPWZEDW V WR EH GRQH IRU WKHP

' $GDVKERDBDKIGFK JUDSKY VWDWLVWLFVY DERXW SURMHFW SURJUHVY DQG VWDW
SWLPHOKRALQJ UHFHQW SURMHFW DFWLYLW\
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$ZHEORKLFK UHSRUWY WLPHOLQH HYHQWY WR LOQWHUHVWHG SDUWLHYV

" 7TKHVH DUH DOO LQWHJUDWHG

" 7R GR LWHPV FDQ UHIHU WR ZHE SDJHV ZKLFK FDQ UHIHU WR SDUWLFXODU U

" $ VLQJOH 7UDF LQVWDOODWLRQ FDQ PDQDJH DQ\ QXPEHU RI SURMHFWYV
(DFK SURMHFW V ILOHVY DUH VWRUHG LQ D VHSDUDWH 6XEYHUVLRQ UHSRVLW|
(YHU\WKLQJ HOVH VWRUHG LQ D VLQJOH VKDUHG GDWDEDVH
" 64/LWH IRU GHYHORSPHQW ZRUN DQG VPDOO VLWHYV
" 3BRVWJUHG64/ IRU ODUJH VLWHYV

JLIXUH 7UDF $UFKLWHFWXUH
' BHOLHV RQ KRVW WR KDQGOH DXWKHQWLFDWLRQ
(YHU\ XVHU PXVW KDYH DQ DFFRXQW RQ WKH XQGHUO\LQJ /LQX[ V\VWHP
' 2QH OHVV SDVVZRUG IRU WKHP WR UHPHPEHU
' +RPH SDJH ORRNV OLNH SUHWW)\ PXFK HYHU\ RWKHU ZHE SRUWDO V KRF

J)LIXUH 7\SLFDO 7UDF +RPH 3DJH

" ([DPLQH HDFK RI WKH FRPSRQHQWYV LQ WXUQ EHORZ

" 7KH UHSRVLWRU\ EURZVHU LV D ZHE EDVHG LQWHUIDFH WR 6XEYHUVLR(
5HDG RQO\ FDQQRW XSGDWH ORFDO ILOHV RU FRPPLW FKDQJHV
,PSOHPHQWLQJ WKLV ZRXOG UHTXLUH JLYLQJ ZHE SDJHV WKH DELOLW\ WR Pt}

", I \RX GRQ W NQRZ ZK\ WKLV LV D EDG WKLQJ SOHDVH UH UHDG WKH OHFWXLU

" 5HDG RQO\ LV PRUH XVHIXO WKDQ \RX G WKLQN
%URZVH GLUHFWRULHY DQG ILOHV WR VHH ZKDW WKH\ FRQWDLQ
J)LIXUH %URZVLQJ 'LUHFWRULHY DQG )LOHYV

" 9LHZ ROG YHUVLRQV RI ILOHYV

J)LIXUH 9LHZLQJ DQ 20G 9HUVLRQ RI D )LOH
" 6HH FKDQJHYVY PDGH WR ILOHV RYHU WLPH
J)LIXUH 9LHZLQJ )LOH &KDQJHV
" )ROORZLQJ D FKDQJHVHW OLQN WDNHV \RX WR WKH WLPHOLQH YLHZ

6KRZV DOO UHFHQW SURMHFW HYHQWYV

JLIXUH 7KH 7LPHOLQH

" J)LOWHU FRQWURO OHWV \RX VHOHFW ZKDW W\SHV RI HYHQWV \RX ZDQW WR V
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JLIXUH JLOWHULQJ (YHQWYV

9HU\ XVHIXO LI \RX YH EHHQ EXV\ ZLWK RWKHU WKLQJV IRU D ZKLOH DQG QH

" $Q LVVXH WUDFNHU VRERPHWALPBWNFDMORCRHGIBU PDQDJLQJ D VKDUHG WR G
" 'KDW QHHGV WR EH GRQH"
‘KR V UHVSRQVLEOH IRU HDFK WDVN"
:KDW VWDWH LV HDFK WDVN LQ"
" (VVHQWLDO WRRO IRU PDQDJLQJ ORQJ OLYHG RU PXOWL SHUVRQ SURMt
" % XW RQO\ DV XVHIXO DV WKH LQIRUPDWLRQ LQ LW
7UDF V LVVXH WUDFNHU LV VLPSOHU WKDQ PRVW LQ RUGHU WR PDNH HQWHL
ORVW ODUJH SURMHFWY XVH PRUH%RPIEODBEDWHG WRROV VXFK DV
" 7R FUHDWLHNHW
" )ROORZ WKH 31HZ 7LFNHW” OLQN

J)LIXUH &UHDWLQJ D 1HZ 7LFNHW

J)LOO LQ WKH ILHOGYV
KR \RX DUH
" $ RQH OLQH WLWOH IRU WKH WLFNHW
KDW NLQG RI WLFNHW LW LV
+RZ LPSRUWDQW LW LV
KHQ LW QHHGVY WR EH UHVROYHG
" $ GHVFULSWLRQ RI WKH LVVXH
$QG VXEPLW
" 7R VHH ZKDW WLFNHWY DUH DOUHDG\ LQ WKH V\VWHP
JROORZ HLWKHU WKH 39LHZ 0\ 7LFNHWV™ RU 39LHZ 3URMHFW 7LFNHWV™ OLQN
" 7TKH ILUVW VKRZV \RXU WLFNHWV DFURVYV DOO SURMHFWYV
7KH VHFRQG VKRZV DOO WLFNHWV IRU WKH FXUUHQW SURMHFW
7LENHWV FDQ EH VRUWHG DQG ILOWHUHG LQ YDULRXV ZD\V
" &OLFN RQ D WLFNHW WR YLHZ RU XSGDWH LW
' $00 WKH LQIRUPDWLRQ HQWHUHG E\ WKH RULJLQDO DXWKRU
$ 10DJ VKRZLQJ ZKHMMKHU VW LKO QHERB VHRPSND HRUH G
$Q\ FRPPHQWY RWKHU SHRSOH KDYH DGGHG WR WKH WLFNHW
(YHU\ WLPH \RX FKDQJH D WLFNHW \RX VKRXOG H[SODLQ ZK\
" /ILNH FRPPHQWLQJ RQ FKDQJHV \RX VXEPLW WR YHUVLRQ FRQWURO
"1RWH DIWHU XSGDWLQJ D WLFNHW JR EDFN WR WKH WLPHOLQH YLHZ
7LPH RI FKDQJH WLFNHW ;' DQG FRPPHQW DUH GLVSOD\HG
7KH GLVSOD\ LV D OLQN EDFN WR WKH WLFNHW
" ,QIRUPDWLRQ LV PRUH XVHIXO ZKHQ LW V FRQQHFWHG

' $ EDGO\ ZULWWHQ WLFNHW LV EHWWHU WKDQ QR WLFNHW DW DOO EXW
" 7KH VXPPDU\ VKRXOG EH VKRUW DQG LQIRUPDWLYH
$LP LV WR KHOS SHRSOH ZKR DUH ORRNLQJ DW VXPPDULHV ILQG WKH RQH
3% XJ LQ VHT FRPS™ LV EDG
36HT FRPSDULVRQ UHWXUQV ZURQJ SUREDELOLWLHYV IRU ELYDOYHV™ LV PXFK
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' 8VXDOO\ KDYH WKUHH NLQGV RI WLFNHWYV
% X JV
' )JHDWXUH UHTXHVWV L H VRPHRQH ZDQWV WKH VRIWZDUH WR GR VRPHWKLG
* AXHVWLRQV
' U H 3'RHV DQ\RQH NQRZ KRZ WR SDUVH H[WHUQDO HQWLWLHV ZLWK ([SDW"
2U 3+RZ PDQ\ ROG YHUVLRQV RI :LQGRZV DUH ZH JRLQJ WR VXSSRUW""
' 0D\ VHHP RGG WR ILOH WKHVH DV LVVXHV EXW WKH\ DUH IRU WKH SHUVRQ
' $QG LW V PRUH HIILFLHQW WKDQ SRVWLQJ WKHP WR WKH PDLOLQJ OLVW
' :KROH WHDP KDV WR DJUHH RQ ZKDW LPSRUWDQFH YDOXHV PHDQ
/RZ FRVPHWLF 8, SUREOHP PLQRU ZRUNIORZ DQQR\DQFH ZLWK REYLRXV ZRU
' +LJK SURJUDP FUDVKHV UHWXUQV ZURQJ UHVXOW LQDGYHUWHQWO\ ODXQF
' OHGLXP DQ\WKLQJ LQ EHWZHHQ
,Q WKH ZHHNV DQG GD\V OHDGLQJ XS WRIIDDUHOHDVH SHUIRUP UHJXODU
*R WKURXJK WKH RSHQ LVVXHV DQG UH VHW WKHLU SULRULWLHV VR WKDW
' "HVFULSWLRQ SURYLGH DOO WKH LQIRUPDWLRQ VRPHRQH QHHGV WR N
' YJRU D EXJ QHHG
BRIWZDUH FRQILIXUDWLRQ LQFOXGLQJ SDFNDJH YHUVLRQV RSHUDWLQJ V\
BHTXHQFH RI VWHSV RU XQLW WHVW FDVH WKDW WULJJHUV WKH IDXOW
' &RQILIXUDWLRQ ILOHV LQSXW GDWD VFUHHQVKRWYV RI WKH IDXOW HWF
'’ 6LPLODU OHYHO RI GHWDLO IRU IHDWXUH UHTXHVWV DQG TXHVWLRQV
SHPHPEHU LW PD\ EH ZHHNV RU PRQWKY EHIRUH WKH LVVXH LV DGGUHVVHG

" 7UDF DVVXPHV WKDW HYHU\RQH KDV D PDLO UHDGHU WKDW WKH\ UH KD
" 'RHVQ W WU\ WR FRPSHWH
1R ZzD\ WR FRPSRVH RU VHQG PDLO LQ 7UDF
" 8VHUV GRQ W KDYH PDLOER[HV RQ WKH V\VWHP
", QVWHDG 7UDF FUHDWHY RQH PDLOLQJ OLVW IRU HDFK SURMHFW
(YHU\RQH ZKR V D PHPEHU RI D SURMHFW LV DXWRPDWLFDOO\ RQ WKDW OLVYV
2Q0\ SURMHFW PHPEHUV FDQ VHQG PDLO WR LW
" (YHU\ XVHUY KkPDWRQHVRW PRUH HPDLO DGGUHVVHV ZLWK 7UDF
" 7TKH RSSR¥IODKFNONVBWEQULHY ZKR V DOORZHG LQ LQVWHDG RI ZKR V WR EH N

JLIXUH :KLWHOLVWLQJ DQ (PDLO $GGUHVYV

7UDF ZLOO DFFHSW PDLO IURP DQ\ ZKLWHOLVWHG DGGUHVV
8VHU PXVW VSHFLI\ ZKLFK RI WKRVH DGGUHVVHV WR IRUZDUG SURMHFW PDLC
" 7KLV ZzD\ SHRSOH FDQ VHQG IURP DQ\ H{ITWHUQDO PDLO DFFRXQW EXW DOO S
" 7LPHOLQH VKRZVY ROG PDLO PHVVDJHY DV ZHOO DV RWKHU HYHQWYV
1RW WKUHDGHG E\ WRSLF XQQHFHVVDU\ FRPSOH[LW\ IRU VPDOO SURMHFWYV

" $ ZLNL LV D VLPSOH ZHE EDVHG V\VWHP IRU FUHDWLQJ ZHE SDJHYV
7THUP FRPHV IURP WKH +DZDLLDQ 3ZLNL ZLNL" PHDQLQJ 3IDVWHU IDVWHU"
", \RX KDYH ORJJHG LQ DQG KDYH SHUPLVVLRQV WR HGLW WKH ZLNL W
" &OLFNLQJ WKLV GLVSOD\V WKH SDJH VRXUFH LQ D WH[W HGLW ER]

J)LIXUH (GLWLQJ D :LNL 3DJH
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6\QWD[ LV PXFK VLPSOHU WKDQ VWDQGDUG +70/

%ODQN OLQHVY VHSDUDWH SDUDJUDSKV

$Q\ ZRU&DPG O&IDWIBXWRPDWLFDOO\ LQWHUSUHWHG DV D OLQN WR D SDJH ZLV
7LWOHFUHDWHY D OHYHOS X KWDWO@FUHDWHY D OHYHO KHDGLQJ HWF

6HULHV RI LQGHQWHG OLQWHG EHIQ R D \Z IDVEL VW

$Q\WKLQJ HE®RUQMSURULILY DXWRPDWLFDOO\ GLVSOD\HG DV DQ LPDJH

'RHVQ W OHW \RX GR HYHU\WKLQJ«

«HJ \RX FDQ W VSHFLI\ DOLJQPHQW RI WDEOH LWHPV«
«EXW LW PDNHV LW YHU\ HDV\ WR FUHDWH PHHWLQJ PLQXWHYV QRWHV IRU IL

2QFH \RX YH PDGH FKDQJHV \RX FDQ SUHYLHZ WKH SDJH RU FRPPLW W

3bJHY DUH VDYHG LQ WKH GDWDEDVH UDWKHU WKDQ LQ 6XEYHUVLRQ
7TUDQVODWHG IURP ZLNL VI\QWD[ LQWR +70/ ZKHQ WKH SDJH LV YLHZHG
I1RWH QR FRQIOLFW UHVROXWLRQ PHFKDQLVP

, ] WZR SHRSOH WU\ WR HGLW D ZLNL SDJH DW WKH VDPH WLPH WKH VHFRQ
" 6R SXW ODUJH DQG RU I[UHTXHQWO\ XSGDWHG GRFXPHQWY XQGHU YHUVLRQ

:LNL V\QWD[ RIITHUV VKRUWFXWV IRU UHIHUULQJ WR RWKHU WKLQJV LQ

OLQNV WR WLFENHW
# OLQNV WR HPDLO PHVVDJH
> @OLQNV WR UHYLVLRQ LQ WKH YHUVLRQ FRQWURO UHSRVLWRU\
VRXUFH SDWK WR ILOHQD@RMVWWW D SDUWLFXODU ILOH LQ WKH 6XEYHUVLRQ U
" VRXUFH SDWK WR ILOHQD®PHOQWYWWR D SDUWLFXODU YHUVLRQ RI WKH ILOH

<RX FDQ XVH WKLV VDPH V\QWD[ LQ

7LFNHWYV WR UHIHU WR FKDQJHVHWY ILOH YHUVLRQV HPDLO PHVVDJHV HW
(PDLO PHVVDJHV DV ORQJ DV \RXU PDLOHU VHQGYV PHVVDJHYVY DV SODLQ WHIV
6XEYHUVLRQ FRPPLW FRPPHQWYV

-XVW DERXW HYHU\ZKHUH HOVH

5HPHPEHU LQIRUPDWLRQ LV PRUH XVHIXO ZKHQ LW V FRQQHFWHG

"$ PLOHVWRQH LV D WLPH E\ ZKLFK VRPHWKLQJ LV VXSSRVHG WR EH GRC(

$ URDGPDS LV MXVW D FROOHFWLRQ RI PLOHVWRQHV

8VvXDOO\ JLYH PLOHVWRQH VI\PEROLF QDPHV OLNH 3YHUVLRQ EHWD UF

7KDW zZzD\ ZKHQ WKH GDWH FKDQJHV \RX GRQ W KDYH D PLOHVWRQH FDOOHC

7UDF UHTXLUHV \RX WR DVVRFLDWH HYHU\ LVVXH ZLWK D PLOHVWRQH

'HIDXOW LV WKH HPSW\ PLOHVWRQH ZKLFK PHDQV 3VRPHWLPH"

&DQ VRUW DQG YLHZ WLFNHWYV E\ PLOHVWRQH

ORYLQJ ORZ SULRULW\ WLFNHWY IURP XSFRPLQJ PLOHVWRQH WR ODWHU RQH

OXFK PXFK VLPSOHU WKDQ PRVW SURMHFW PDQDJHPHQW WRROV

1R *DQWW FKDUWV QR GHSHQGHQF\ JUDSKV HWF
7KH\ UH RYHUNLOO IRU VPDOO SURMHFWYV
SDUWLFXODUO\ UHVHDUFK SURMHFWY ZKLFK I[UHTXHQWO\ FKDQJH GLUHFWL

7KH GDVKERDUG LV D JUDSKLFDO FRPSOHPHQW WR WKH WLPHOLQH YLH

3O0RW FKDQJHVY WR FRGH WLFNHWV HWF RYHU WLPH

JLIXUH 'DVKERDUG 'LVSOD\

$OORZ XVHUV WR FRPSDUH DFWLYLW\ LQ YDULRXV SURMHFWYV
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+DV DQ\RQH EHHQ ZRUNLQJ RQ WKLV SURMHFW LQ WKH ODVW IHZ ZHHNV"
+DV WKLV SURMHFW V WHVW FRYHUDJH EHHQ JRLQJ XS RU GRZQ"
", Q DQ HGXFDWLRQDO VHWWLQJ DOORZ SHRSOH WR FRPSDUH WKHLU SURMHF'
" 'KLFK FDQ EH YHU\ PRWLYDWLRQDO

" 'HEORJVE®RIWWDUWHG RII DV RQ OLQH MRXUQDOV
' $XWKRU XSGDWHV D ILOH ZLWK QHZ MRXUQDO HQWULHYV
J)LOH ZULWWHQ LQ DQ566 IRUPDW FDOOHG
%ORJ UHDGLQJ VRIWZDUH GRZQORDGV ILOH DW LUUHJXODU LQWHUYDOV
' 1 DQ\WKLQJ KDV FKDQJHG VLQFH WKH ODVW WLPH GLVSOD\ WKH WLWOHV F

J)LIXUH +RZ %YORJV :RUN

" $SXEOLVK VXEVWUHIPEH
,/ \RX QR ORQJHU ZDQW WR UHDG D EORJ VWRS SROOLQJ IRU XSGDWHV
+HOSV UHGXFH LQIRUPDWLRQ RYHUORDG
" (YHU\ 7JUDF SURMHFW FUHDWHY WZR EORJV
" 2QH LQFOXGHYVY RQO\ DUWLFOHYVY E\ SHRSOH DQQRXQFHPHQWYV RI QHZ UHOHD\
7KH RWKHU DOVR LQFOXGHYVY DOO WLPHOLQH HYHQWYV
SURMHFW PHPEHUV DQG VXSHUYLVRUV FDQ VXEVFULEH WR EH QRWLILHG RI F

JLIXUH $ 7TUDF 7LPHOLQH %ORJ

' 7KH 3& RPSRVH %ORJ (QWU\" SDJH DOORZV SURMHFW PHPEHUV WR FUHD'
1RWH RQO\ SHRSOH ORJJHG LQ WR WKDW 7UDF LQVWDOODWLRQ FDQ FRPPHQ
2FFDVLRQDOO\ DQQR\LQJF FEXRH R WOBYDPH G X F H

' 7JUDF LV DGPLQLVWHUHG IURP WKH FRPPDQG OLQH UDWKHU WKDQ WKU
6LPSOHU WR ZULWH DQG PDLQWDLQ
ODNHV LW VLPSOHU IRU DGPLQLVWUDWRUV WR FUHDWH D GR]JHQ DFFRXQWV L
' 7ZR LOQWHUIDFHV
$ VWDQGDORQH FRPPDQWUDRHEGPRRO FDOOHG
' $ 3\WKRQ OLEUDU\ VR WKDW DGPLQLVWUDWRUV FDQ ZULWH VFULSWV WR GR
' $V PHQWLRQHG HDUOLHU 7UDF UHOLHV RQ XQGHUO\LQJ RSHUDWLQJ V\
$XWKHQWLFDWLRQ LV RQO\ DV VHFXUH DV \RXU SDVVZRUG SROLF\
" 7JUDF XVHV SHUVRQ SURMHFW SHUPLVVLRQ WULSOHV IRU DXWKRUL]D
' (J DWXULQJ HQLJPD :,.,BRRBUTKRSSHU GHPR 7,&.(7B5($'
(YHU\ RSHUDWLRQ UHTXLUHV RQH RU PRUH SHUPLVVLRQV
0 WKHUH LVQ W D WULSOH JLYLQJ \RX D SHUPLVVLRQ \RX GRQ W KDYH LW
' 6RPH VWDOQREMWM SUH GHILQHG DQG PRUH FDQ EH DGGHG
' $ UROH LV D VHW RI SHUPLVVLRQV
MYQ IXQLDF 52/(B'(9(/2B(8HV D XVHU DOO WKH SHUPLVVLRQV DVVRFLDWHG .

" $QG WKDW V LW
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$W OHDVW VR IDU27UDF LV XQGHU DFWLYH GHYHORSPHQW
' $00 \RX QHHG WR UXQ D VPDOO RU PHGLXP VLIHG SURMHFW
" 9HU\ XVHIXO IRU JHRJUDSKLFDOO\ GLVWULEXWHG FROODERUDWLRQV
" -XVW DV XVHIXO ZKHQ RQH SHUVRQ KDV WR PDQDJH KLV RU KHU RZQ ZRUN R)
+DUGHU WR ORVH D GDWDEDVH WKDQ D ODE QRWHERRN«
", 7TUDF LV WRR VPDOO IRU \RXU QHHGVY WKHUH DUH PDQ\ ODUJHU DOWI
" 6RXUFH)RVWHE IDU WKH PRVW IDPRXV
" 'LOO KRVW RSHQ VRXUFH SURMHFWYV IRU IUHH RQ WKHLU PDFKLQHYV

Exercise 25.1:

&DQ \RX ILQG RXW ZKDW EXJV DUH FXUUHQWO\ EHLQJ ZRUNHG RQ" :KDW IHDWXU
FKDQJHG WR IL[ D SUREOHP" :KDW IL[HV DUH FXUUHQWO\ EHLQJ WHVWHG" +RZ O

Exercise 25.2:
:KDW LV WKH VWDWXV RI WKH RYHUQLJKW EXLOG" 7KH RYHUQLJKW UHJUHVVLRQ

WRS

Extreme Programming

'UDIW 9HUVLRQ

" .QRZLQJ KRZ WR ZULWH FRGH GRHVQ W WHOO \RX KRZ WR UXQ D SURMH
" ' KHUH GR \RX VWDUW"
'KDW GR \RX GR QH[W"
KR V UHVSRQVLEOH IRU ZKDW"
+RZ GR \RX WHOO ZKHQ \RX UH GRQH"
" $QVZHUV WR WKHVH TXHMWHIORIW IBOIW. @Y FDFHV V
" 'RIHQV KDYH EHHQ IRUPDOL]HG DQG GHVFULEHG
%XW LQ SUDFWLFH DOPRVW QRQH DUH IROORZHG WR WKH OHWWHU
(YHU\ UHDO ZRUOG VLWXDWLRQ DQG WHDP LV GLIITHUHQW VR UHDO SURFHVYV
', DOzZD\V DGG H[WUD JDUOLF WR P\ FKLOL«
«DQG MXVW DERXW HYHU\WKLQJ HOVH FRPH WR WKLQN RI LW
" 7KLV OHFWXUH ORRNYV OW WH 8 H RAHRIW;B B BIOMHIG
%HVW VXLWHG WR VPDOO WHDPV WKDW DUH WU\LQJ WR FRSH ZLWK FRQVWDGQ
" :KLFK LV D JRRG GHVFULSWLRQ RI PDQ\ VFLHQWLILF UHVHDUFK WHDPYV
" /RRN DW WZR DOWHUQDWLYHV LQ WKH QH[W FRXSOH RI OHFWXUHYV
" 5BHPHPEHU HYHU\ WHDP LV GLIITHUHQW
ORVW LPSRUWDQW WKLQJ LV QRW ZKLFK SURFHVV \RX XVH EXW WKDW \RX UF
" 2HODUFR /LVWaHUV D JRRG LQWURGXFWLRQ WR WHDPV DQG SURGXFWLYLW\

Waterfalls and Spirals

" ,Q RUGHU WR XQGHUVWDQG ;3 \RX KDYH WR XQGHUVWDQG ZKDW LW V [
" $OVR KDYH WR XQGHUVWDQG WKH FRVW RI FKDQJH
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7KH ODWHU D FKDQJH LV PDGH WKH PRUH H[SHQVLYH LW LV WR LPSOHPHQW

JLIXUH 7KH &RVW RI &KDQJH

7KHUHIRUH LPSRUWDQW WR PDNH GHFLVLRQV HDUO\ DQG VWLFN WR WKHP
" 7TKEDWHUIDO G HWWREBIHEHG E\ 5R\FH LQ GHVFULEHVY GHYHORSPHQW 10
' BHTXLUHPHQWY DQDO\VLV
" "HVLJQ
,PSOHPHQWDWLRQ
7HVWLQJ
' ODLQWHQDQFH
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J)LIXUH 7KH :DWHUIDOO ORGHO

" 3UREOHPV
", GLIIHUHQW SHRSOH UHVSRQVLEOH IRU GLIIHUHQW SKDVHV WKHQ QR RQH
'KRHYHU LV UHVSRQVLEOH IRU WHVWLQJ KDV WR PDNH XS DOO WKH ORVW W
7LPH ODJ LW FDQ WDNH D ORQJ WLPH IRU FKDQJHV LQ UHTXLUHPHQWYV WR
TKWSLUDOGHRWGHIAEHG E\ %RHKP LQ ZUDSV WKLV RQ LWVHOI
" *HW D JRDO IURP WKH FXVWRPHU GHVLJQ LPSOHPHQW DQG WHVW LW DQG
1RWH 5R\FH DFWXDOO\ DGYRFDWHG GRLQJ WKLV WRR EXW PRVW SHRSOH I
.H\ LGHDV
" 7KH FRGH WHDFKHV \RX DERXW WKH SUREOHP
" &XVWRPHUV FDQ RQO\ ILQG RXW ZKDW WKH\ DFWXDOO\ ZDQW E\ SOD\LQJ ZL
%XW %YRHKP VWLOO HQYLVDJHG F\FOHV ODVWLQJ IURP VL[ PRQWKYV WR WZR \|
$QG GLYLVLRQ RI ODERU

'3 DURVH LQ WKH V WR FRSH ZLWK
(YHU FKDQJLQJ UHTXLUHPHQWV
' QWHUQHW WLPH
'’ 6L PRQWK LWHUDWLRQV ZHUH ORQJHU WKDQ WKH OLIHVSDQ RI WKH DYHUD
$VVXPSWLRQ FKDQJH LV FKHDSHU WKDQ LW XVHG WR EH
1RWH OHVV GDWD WR VXSSRUW WKLV WKDQ VRPH ;3 DGYRFDWHVY ZRXOG KDY
%DVLF LGHD HDFK LWHUDWLRQ ODVWY RQO\ RQH WR IRXU ZHHNYV
' PSOLHV WKDW HDFK YHUVLRQ LV RQO\ D VPDOO VWHS IRUZDUG IURP WKH SU
%HQHILW LV FRQVWDQW FRXUVH FRUUHFWLRQV IURP WKH FXVWRPHUYV
(TXLYDOHQWO\ FDQ UH GLUHFW SURMHFW HYHU\ FRXSOH RI ZHHNV WR GHD
BUREOHP KRZ WR HQVXUH WKDW GHYHORSHUV VWD\ RQ WUDFN ZKHQ W
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6ROXWLRQ LV D SURFHVV EXLOW DURXQG WZHOYH FRUH SUDFWLFHYV ZK
'"HWDLOHG IHHGEDFN
' 7ZHVW GULYHQ GHYHORSPHQW ZULWH WHVWV EHIRUH FRGH LQ RUGHU WR JHV
' 30DQQLQJ JDPH GHVFULEHG EHORZ
2QVLWH FXVWRPHU PXVW EH D FXVWRPHU UHSUHVHQWDWLYH RQ VLWH WR D
' 6XEVHTXHQW UHYLVLRQV WR WKH SURFHVV DFNQRZOHGJHG WKDW WKLV LV
" %XW IUHTXHQW FRQWDFW EHWZHHQ GHYHORSHUV DQG FXVWRPHUV VWLOO |
3DLU SURJUDPPLQJ DOVR GHVFULEHG EHORZ
ECERQWLQXRXV SURFHVV
' 6PDOO UHOHDVHV VR WKDW FXVWRPHUV FDQ TXLFNO\ FKHFN RXW DOO RI WK
' @RQWLQXRXV LQWHJUDWLRQ HYHU\RQH EXLOGYV DQG UXQ WHVWV RQ D YHU\
BUHIHUDEO\ VHYHUDO WLPHV DQ KRXU ZKLOH FRGLQJ
&RQWLQXRXV UHIDFWRULQJ HYHU\RQH FOHDQV XS ZKDW WKH\ UH DERXW WR
' $QG IROORZV WKURXJK LQWR RWKHU PRGXOHV LI WKHUH DUH ULSSOH HIIHF
' (QVXUHV WKDW FRGH LV DOZD\V FOHDQ HQRXJK IRU WKH QH[W SHUVRQ WR '
6KDUHG XQGHUVWDQGLQJ
6LPSOH GHVLJQ VSHDNV IRU LWVHOI
' ,Q SUDFWLFH GHVLJQ RI D UDSLGO\ HYROYLQJ VI\VWHP PD\ VHHP VLPSOH W
QHZFRPHUYV
' 6\WWHP PHWDSKRU XVH VLPSOH DQDORJLHV WR SURYLGH D KLJK OHYHO RYH
(J LWV DQDVVHPEO\ OLQH D EODFNERDUG HWF
*LYHV HYHU\RQH D FRPPRQ ODQJXDJH ZLWK ZKLFK WR GLVFXVV LW
' &ROOHFWLYH FRGH RZQHUVKLS HYHU\RQH LV DOORZHG WR FKDQJH DQ\ SDUV
' 1R RQH LV D ERWWOHQHFN L H \RX UH QHYHU ZDLWLQJ RQ 3WKH *8, JX\~
(YHU\RQH KDV WR SRWHQWLDOO\ HDW WKHLU RZQ FRRNLQJ
&RGLQJ VWDQGDUG HVVHQWLDO WR PDNLQJ FROOHFWLYH RZQHUVKLS SRVVL
3URJUDPPHU ZHOIDUH
' 6XVWDLQDEOH SDFH QR RQH ZRUNV RYHUWLPH
%HFDXVH LQ DOPRVW DOO FDVHV RYHUWLPH DFWXDOO\ SXWV WKH SURMHFW
7LUHG SHRSOH PDNH PRUH PLVWDNHV ZKLFK WKHQ KDYH WR EH IL[HG
' $QG IL[LQJ WKLQJV GRZQVWUHDP LV PRUH WLPH FRQVXPLQJ WKDQ VORZLQJ
' 3URJUDPPHU WXUQRYHU GHOD\V SURMHFWYV DV ZHOO
/RVH DOO WKH LPSOLFLW NQRZOHGJH LQ WKH GHSDUWLQJ SURJUDPPHU V K
5HPDLQLQJ WHDP PHPEHUV KDYH WR VSHQG WLPH EULQJLQJ QHZFRPHUV XS

$W WKH VWDUW RI HDFK LWNXUYB W VRITRUSHMVRHP MUKH ZIXOWWLRQDOLW\ WK |
(DFK RQH LV MXVW D IHZ VHQWHQFHV ORQJ
' (DFK RQH VKRXOG ILW RQ D 7 LQGH[ FDUG
" "HVFULEHV 1XQ®@ RN\YRQ/XOHW\
. H ZKDW WKH VI\VWHP FDQ GR QRW KRZ LW GRHV LW
W V WKH GHYHORSHUV MRE WR ILJXUH RXW ZKDW IHDWXUHV WR DGG WR LP¢
6HW RI XVHU VWRULHY GHILQH WKH SURMHFW UHTXLUHPHQWYV
' $V SURMHFW HYROYHV WKURZ DZD\ RU XSGDWH ROG RQHV DV ZHOO DV DGGL
'HYHORSHUV WKHQ HVWLPDWH KRZ ORQJ HDFK XVHU VWRU\ ZLOO WDNH
,H ILYH SHUIHFW LQWHUUXSWLRQ IUHH GD\V
&EXVWRPHUY DQG GHYHORSHUYVY WKHQ GHFLGH ZKLFK VWRULHVY WR LQFO
" | VRPHWKLQJ LV WRR ELJ WR ILW LQWR DQ LWHUDWLRQ EUHDN LW GRZQ LQ\
<RX UH JRLQJ WR GR WKLV DQ\ZD\ ZKHQ GHYHORSLQJ LW«
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"3DLU SURJUDPWIKMUISUDFWLFH RI KDYLQJ WZR SHRSOH ZRUN WRJHWKHU
' 2QH W\SHV ZKLOH WKH RWKHU ZDWFKHV DQG FRPPHQWYV
' 3UHGDWHV ;3 EXW ZDV SRSXODUL]JHG E\ LW
' 6HHPV OLNH D ZDVWH Rl UHVRXUFHV EXW
7ZR SDLUV RI H\HV DUH PRUH OLNHO\ WR VSRW HUURUV DV WKH\ UH EHLQJ PI
' ,Q IDFW EHFDXVH RI FRIJQLWLYH GLVVRQDQFH WKH SHUVRQ ZDWFKLQJ LV |
' YHZHU HUURUV WUDQVODWHY LQWR OHVV WLPH VSHQW GHEXJJLQJ
7KH HDUOLHU VRPHWKLQJ LV IL[HG WKH FKHDSHU WKH IL[ LV
$QG SDLU SURJUDPPLQJ KHOSV HQVXUH ZLGHU XQGHUVWDQGLQJ RI WKH V\VV
' ORUH SHRSOH DEOH WR ZRUN RQ PRUH WKLQJV
" JHHOV VWUDQJH WKH ILUVW WLPH \RX GR LW
$QG \RX QHHG WR UHRUJDQL]H GHVN OD\RXW WR SUHYHQW EDFN DQG QHFN S
"% XW XQOLNH PDQ\ FODLPVY PDGH LQ VRIWZDUH HQJLQHHULQJ MRIOUWB PN
.HVYVOHUD
' 7TKRXJK FRPSDULVRQV DUH XVXDOO\ PDGH DJDLQVW WZR SURJUDPPHUV ZKR L
' «UDWKHU WKDQ DJDLQVW RQH SURJUDPPHU GHYHORSLQJ DQG DQRWKHU WH\

" 2QFH WKH LWHUDWLRQ LV XQGHYURDAH MWK Y ANOHFDFFLWWUDFNV WKH
" +RZ TXLFNO\ DUH XVHU VWRULHY DFWXDOO\ EHLQJ LPSOHPHQWHG"
' 8VH WKLV WR SUHGLFW KRZ ORQJ LW V JRLQJ WR WDNH WR ILQLVK WKH

.l LW KDV WDNHQ SURJUDPPHU GD\V WR LPSOHPHQW WKH ILUVW WHQ VWRU
UHPDLQLQJ WZHQW\

'’ +RSLQJ IRU D PLUDFXORXV LPSURYHPHQW LQ SURGXFWLYLW\ LV DOZD\V D PL
' :KDW WR GR LI WKH WHDP LVQ W JRLQJ WR KDYH HYHU\WKLQJ GRQH E\ \
' $VNLQJ WKHP WR ZRUN ORQJHU KRXUV LV FRXQWHU SURGXFWLYH
6R HIWHQG WKH GHDGOLQH«
' «RU FXW EDFN WKH QXPEHU Rl VWRULHYV WKDW DUH JRLQJ WR EH LPSOHPHQW
' 7KLV LV ZK\ \RX KDYH D FXVWRPHU UHSUHVHQWDWLYH RQ VLWH
5HVRXUFHV IHDWXUHV DQG VFKHGXOH DUH QRW LQGHSHQGHQW YDULDEOHYV
<RX FDQ VHW WZR EXW WKH WKLUG WKHQ VHWV LWVHOI

' ;3 DQG UHODWHG PHWKRGRORJLHY KDYH EHHQ FULWLFL]HG DOPRVW DV
JRU HYHU\ EDQGZDJRQ WKHUH V DQ HTXDO DQG RSSRVLWH DQWL EDQGZDJRQ
' 6RPH RI WKLV LV MXVW WDNLQJ SRW VKRWYV DW HDV\ WDUJHWV OLNH

"3, WKLQN PD\EH FRQFHQWUDWLRQ LV WKH HQHP\ 6HULRXVO\ ,I \RX UH ZRUNI
QHHG WR FRQFHQWUDWH WKHUH V WRR5RRFKHFAKDEVH WKDW LW V WRR KDUG

" % XW VRPH RI WKH FULWLFLVPV DUH ZHOO IRXQGHG
, ] GHYHORSHUVY GRQ W KDYH FRQVLGHUDEOH VHOI GLVFLSOLQH ;3 TXLFENO\ G
%XV\ UDWKHU WKDQ SURGXFWLYH
" &§XVWRPHUV RIWHQ QHHG WR NQRZ ZKDW WKH\ UH JRLQJ WR JHW PRUH WKDQ
<RX FDQ W DGG VRIWZDUH WR D VSDFH SUREH WKUHH GD\V EHIRUH ODXQFK
ObQ\ SURJUDPPHUVY GRQ W OLNH WR ZRUN LQ SDLUV
3, WUXVW P\ DFFRXQW WR GR P\ WD[ UHWXUQ RQ KHU RZQ ZK\ GRQ W \RX W
" ;3 LV LQWULQVLFDOO\ OLPLWHG WR VPDOO WHDPYV
"KLFK LQ WXUQ PHDQV VPDOO SURMHFWYV
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' 0DQ\ SHRSOH ILQG WKDW WKHLU SURGXFWLYLW\ JRHV XS ZKHQ WKH\ DC
' %XW RWKHUV ILQG WKDW WKHLU SURGXFWLYLW\ JRHV XS ZKHQ WKH\ DC

" /JLNH WKH RQH ZLOO VHH LQ WKH QH[W OHFWXUH
' 2SWLRQ PRVW SHRSOH SURJUDP LQ DVG\W ERQY @ ISFOUWREDMHHDMN DQG
' 2SWLRQ WKH PRVW LPSRUWDQW WKLQJ LVQ W ZKLFK SURFHVV \RX DC

' 'KDW PDWWHUV LV WKDW \RX UH SD\LQJ DWWHQWLRQ WR SURFHVV

' $QG WKLQNLQJ DERXW KRZ WR LPSURYH LW

37KH XQH[DPLQHG OLIH LVBRRWDIRHWWK OLYLQJ ~
WR S

The ICONIX Process

'UDIW 9HUVLRQ

" ((IWUHPH 3URJUDPPLQJ LV RQH HQG RI WKH VSHFWUXP
", \RXU UHTXLUHPHQWY DUH DOZD\V SHUSHWXDOO\ LQ IOX[ IRFXV \RXU SURF!
'’ 7KLV OHFWXUH ORRNV DW WKH RWKHU HQG
:HOO RQH RI WKH RWKHU HQGV2LW V QRW OLNH SURJUDPPHUYV ZRXOG HYHU F
' 7KH&21.: SUREBVVGHYHORSHG E\ 'RXJ 5RVHQEHUJ DQG FROOHDJXHV
" 6HHBRVHOEHUJ BWHSBKH QW WKH GHILQLWLYH JXLGH
$ VLPSOH DOWHUQDWLYH WR WKH 5DWLRQDO 8QLILHG 3URFHVY 583 DQG RW
' (PSKDVL]HV XS IURQW DQDO\VLV DQG GHVLJQ
" BHGXFHV WRWDO FRVW DQG WLPH WR GHOLYHU\ GUDPDWLFDOO\«
" «SURYLGHG \RXU UHTXLUHPHQWY DUH UHODWLYHO\ VWDEOH
' 3UREDEO\ QRW DSSURSULDWH IRU VPDOO H[SORUDWRU\ SURMHFWYV
%XW SUREDERX UH ZULWLQJ VRIWZDUH WKDW V JRLQJ LQWR D VSDFH SUREH

' 0ODQ\ GLVFLSOLQHVY UHO\ RQ JUDSKLFDO QRWDWLRQV ZLWK SUHFLVHO\ ¢
$UFKLWHFWXUDO EOXHSULQWYV
&LUFXLW GLDJUDPV
' YH\QPDQ GLDJUDPV
' 7TKRXVDQGYV KDYH EHHQ LQYHQWHG IRU SURJUDPPLQJ EXW RQO\ D KDQf
YORZFKDUWYV
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JLIXUH JORZFKDUWYV

" ORUH XVHIXO WKDQ DGYRFDWHYV RI VWUXFWXUHG SURJUDPPLQJ LQ WKH \
" 6HHBEDQODQ@@ IRU HYLGHQFH DQG GLVFXVVLRQ

" (QWLW\ UHODWLRQVKLS GLDJUDPYV
' 8VHG WR GHVLJQ GDWDEDVH WDEOHYV
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JLIXUH (QWLW\ 5HODWLRQVKLS 'LDJUDPV

' &0DVV GLDJUDPV

J)LIXUH &ODVYV 'LDJUDPYV

‘KR LQKHULWYV IURP ZKRP"
:KLFK FODVVHV UHIHU GLUHFWO\ WR ZKLFK RWKHUV
TKBQLILHG ORGHOLQS80/DGRPEIQHY VHYHUDO REWBRPWROM KGWEHED®QDO
229"
, WV WKUHH SULQFLSDO DXWKRUV DOO KDG WKHLU IDYRULWH ZD\V RI GRLQJ V
8QOLNH PRVW GHVLJQV E\ FRPPLWWHH WKLY RQH DFWXDOO\ PRVWO\ PDNH\
80/ LV YHU\ ODUJH
" 7TKH ,&21,; SURFHVV XVHV RQO\ ILYH NLQGV RI GLDJUDP
" J)RXU IURP 80/ SOXV RQH WR EULGJH DQ LPSRUWDQW JDS
(DFK GLDJUDP FRUUHVSRQGY WR D VWHS LQ WKH DQDO\VLY DQG GHVLJQ SUR

:KDW ZH KDYH D SURWRW\SH RI D XVHU LQWHUIDFH

>RKQVRQ@ ZLOO KHOS \RX DYRLG KRUULEOH PLVWDNHYV

I \RX UH WU\LQJ WR JHAR DD JHR XB MWDIOWLIQRQWEDO UHDGLQJ DV ZHOO
'UubzZz LW RQ SDSHU RQH VFUHHQVKRW SHU SDJH
" 8VH VWLFN\ QRWHY DQG WKH OLNH IRU PHQXVY GLDORJV HWF

7THVW VXEMHFWY DUH OHVV OLNHO\ WR KROG EDFN FULWLFLVP RI VRPHWKLQJ
:ULWH VRPH +70/ SDJHV E\ KDQG
JLUH XS 9LVXDO %DVLF RU DQRWKHU GUDJ DQG GURS *8, EXLOGHU
ODNHYHW\OHDU WKDW WKLV LV MXVW D SURWRW\SH

Created by Prince (www.princexml.com)



2U \RXU ERVV ZLOO ZDQW WR VKLS LW WR WKH FXVWRPHU
' :KDW ZH ZDQW ZRUNLQJ FRGH
'’ 7KDW GRHV ZKDW LW V VXSSRVHG WR
' 7KDW V EHHQ WHVWHG
7KDW ZH FDQ PDLQWDLQ

JLIXUH ,&21,; 6WDUW DQG (QG 3RLQWYV

" JLUVW VWHS LV WR WUDQVODWH RXU IX]]\ LGHDV DERXW KRZ WKH LQWH
' $XVH FDVHD VKRUW SRLQW IRUP VWRU\ WKDW GHVFULEHV KRZ D XVHU D
8VXDOO\ ZULWWHQ SRLQW IRUP
' ([IDPSOH 6DOO\ ZDQWYV WR UXQ D PLWRVLYV VLPXODWRU IRU HDFK WHPS
' 6DOO\ VHOHFWYV 3)LOH« 6HW 6LPXODWLRQ 3DUDPHWHUV’
' 6\WWHP GLVSOD\V *6LPXODWLRQ 3DUDPHWHUV' GLDORJ ZLWK GHIDXOW YDO
6DOO\ FKDQJHV 37HPSHUDWXUH  IURP 36LQJOH" WR 35DQJH’
6\WWHP GLVDEOHV WHPSHUDWXUH HQWU\ FRQWURO IRU VLQJOH WHPSHUDW
' 6\VWHP HQDEOHV WHPSHUDWXUH HQWU\ FRQWUROV IRU *6WDUW" 2 QFUHPH
' 6DOO\ HQWHUV YDOXHV DQG FOLFNV 22.°
.1 DQ\ YDOXHV LOOHJDO RU LQFRQVLVWHQW GLDORJ EHHSV DQG GLVSOD\V
2WKHUZLVH VLPXODWRU XSGDWHV LWV YDOXHV DQG GLDORJ GLVDSSHDUV
' 6DOO\ VHOHFWYV 3)LOH« 5XQ°
' 6\WWHP HQDEOHV 33DXVH DQG *6WRS’ EXWWRQV DQG EHJLQV UXQQLQJ VLP
' <HV LW V D ORW RI GHWDLO
' %XW \RX UH JRLQJ WR KDYH WR ZRUN LW DOO RXW DW VRPH SRLQW
' $QG PDQ\ VWXGLHYV KDYH VKRZQ WKDW ZEH.MIRB \LWD®RZ & RIEQ® JF K H DML W R WD
IDVWHU
' $OVR DOORZV 4% DQG WHFKQLFDO ZULWLQJ WR RYHUODS WKHLU ZRUN ZLWK ¢
1RWH PDNH VXUH WKH\ UH LQYROYHG LQ ZULWLQJ WHVW FDVHV
| 4$ FDQ W WKLQN RI D ZD\ WR WHVW VRPHWKLQJ IL[ LW
' 'LWWR LI WHFKQLFDO ZULWHU FDQ W WKLQN RI D ZD\ WR H[SODLQ LW
' $XVH FDVH GMWRIWRVKH UHODWLRQVKLSY EHWZHHQ
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TKIDEWRQWKH VAIVWHP L H WKH XVHUV DQG PDMRU VA\VWHP FRPSRQHQWYV
7KH LQGLYLGXDO XVH FDVHV

' $W WKLV SRLQW KDYH D URXJK LGHDOERP WMKH FPRDAVHR HOHPHQWYV RI WKH
7KH VHW Rl DEVWUDFWLRQV WKH V\VWHP ZLOO XVH WR UHSUHVHQW WKH UHD
' ((DPSOH GRPDLQ PRGHO IRU D WUDIILF VLPXODWRU PD\ FRQWDLQ
' 9HKLFOHV
9HKLFOH W\SHV
(J ELF\FOH PRWRUF\FOH VPDOO FDU IDPLO\ FDU OLJKW WUXFN KHDY\ V
' (DFK YHKLFOH LV DQ LQVWDQFH RI H[DFWO\ RQH YHKLFOH W\SH
" "ULYHUV
'ULYHU EHKDYLRUYV
$ VHW Rl VWDWLVWLFDO UXOHV GHWHUPLQLQJ VSHHG OLNHOLKRRG RI VLJC
' 7\SLFDOO\ VKDUHG E\ PDQ\ GULYHUYV
' 5RDG VHIJPHQWV
, QWHUVHFWLRQV
(DFK URDG VHIJPHQWY FRQQHFWYV WR H[DFWO\ WZR LQWHUVHFWLRQV
' (DFK LQWHUVHFWLRQ FRQQHFWV WR RQH RU PRUH URDG VHJPHQWYV
' 32QH° LQ RUGHU WR PRGHO GHDG HQG VWUHHWYV
*UDSKLFDO GLVSOD\ DQG RWKHU *8, HOHPHQWYV
&RQILIXUDWLRQ ILOHV
' (WF
' 'RPDLQ PRGHOMXIRZMDPODWLRQVKLSY EHWZHHQ GRPDLQ PRGHO HOHPH

JLIXUH 'RPDLQ ORGHO 'LDJUDP

' QKHULWDQFH RQH HOHPHQW LV D VSHFLDOL]DWLRQ RI DQRWKHU
$VVRFLDWLRQ RQH HOHPHQW UHIHUV WR DQRWKHU RU WZR HOHPHQWYV UHIF
8VXDOO\ DQQRWDWIHS DILWIKW \
' U H RQH WR RQH RQH WR PDQ\ PDQ\ WR PDQ\
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, I \RX GRQ W JHW WKH GRPDLQ PRGHO ULJKW HYHU\WKLQJ HOVH ZLOO
1RWH ZULWLQJ XVH FDVHV DQG GHILQLQJ D GRPDLQ PRGHO LV DOzZD\!
" 'LVFXVVLRQ DERXW XVH FDVHV XQFRYHUV QHZ GRPDLQ PRGHO HOHPHQWYV
'LVFXVVLRQ DERXW GRPDLQ PRGHO XQFRYHUV QHZ XVH FDVHYV

8VH D ZKLWHERDUG FRORUHG PDUNHUV DQG SDWLHQFH

" /JLNH DQ\ QRWDWLRQ GRPDLQ PRGHO GLDJUDPV H[LVW WR KHOS \RX WK
' $G6G FRPPHQWY DV DSSURSULDWH WR PDNH PHDQLQJ FOHDU

5H UHDG WKH XVH FDVHV DQG FODVVLI\ WKH REMHFWYV LQ WKH GRPDLQ
" %RXQGDU\ REKMHFKWOFWRUV XVH WR FRPPXQLFDWH ZLWK WKH VA\VWHP
" 7KH VLPXODWRU V LQSXW ZLGJHWY DQG JUDSKLFDO GLVSOD\
" (OWLW\ REMHFRVBUH IURP WKH FRUH RI WKH GRPDLQ
9HKLFOH W\SHV URDG VHIJPHQWYVY HWF
" SROQWURO REMAHFWRQQHFW ERXQGDU\ REMHFWYVY WR HQWLW\ REMHFWYV
" BHSUHVHQW WKH SLQWHOOLJHQFH" LQ WKH DSSOLFDWLRQ
(J GULYHU EHKDYLRUYV

$UREXVWQHVWIGRDM DIFRVRUYV UHODWLRQVKLSY ZLWK WKHVH REMHFWYV

-
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JLIXUH SREXVWQHVYV 'LDJUDP

" 7KH EULGJH EHWZHHQ 3ZKDW’™ DQG 3KRZ’
KDW V EHLQJ LPSOHPHQWHG XVH FDVHV DQG GRPDLQ PRGHO
+RZ LW V EHLQJ LPSOHPHQWHG ZH OO VHH LQ D PRPHQW
" 5XOHV PDNH LQWXLWLYH VHQVH IURP GHILQLWLRQV
" $FWRUV FRPPXQLFDWH RQO\ ZLWK ERXQGDU\ REMHFWYV
%WRXQGDU\ REMHFWV FRPPXQLFDWH RQO\ ZLWK DFWRUVY DQG FRQWUROOHUYV
&RQWUROOHUV FRPPXQLFDWH ZLWK DQ\WKLQJ H[FHSW DFWRUV
(QWLW\ REMHFWV FDQ RQO\ WDON WR FRQWUROOHUYV
7KHVH UXOHYV DUH ZKDW WKH JUDSKLFDO QRWDWLRQ LV IRU
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JRUFHV XV WR FODVVLI\ WKLQJV
/[LPLWV KRZ WKRVH WKLQJV FDQ XVH HDFK RWKHU
<HV LW YV FRQVWUDLQLQJ WKDW V WKH ZKROH SRLQW

$FODVV G MKRID/P

:KDW PHPEHUVY DQG PHWKRGV HDFK FODVV KDV
+RZ FODVVHVY DUH GHULYHG IURP HDFK RWKHU
KLFK FODVVHVY WDON GLUHFWO\ WR HDFK RWKHU
(LWKHU E\ KROGLQJ UHIHUHQFHYV
' 2U E\ EHLQJ SDVVHG WR RQH DQRWKHU DV SDUDPHWHUV

1RWH

6KRZ FODQRWMGLYLGXDO REMHFWYV
'RQ W VKRZ HIDFW QDWXUH RI UHODWLRQVKLS IRU H[DPSOH OLVW YV GLFW
" 6RPH WKLQJY DUH EHWWHU OHIW WR FRGH

OLJKW VHHP UHGXQGDQW JLYHQ WKDW ZH DOUHDG\ KDYH D GRPDLQ PR

$QG JLYHQ WKDW WKH\ XVH WKH VDPH QRWDWLRQ

&ODVV GLDJUDP DOPRVW DOZD\V FRQWDLQV PRUH LQIRUPDWLRQ WKDC

((wubD REMHFWY DGGHG WR PDQDJH UHODWLRQVKLSY EHWZHHQ PDLQ FODVVEF
:KDW PHPEHUV HDFK FODVV KDV ZKDW LWV PHWKRGYV ZLOO EH FDOOHG HWF

'RPDLQ PRGHO LV IRU WDONLQJ WR XVHUV FODVYV GLDJUDP LV IRU WDO
$Q HDV\ ZD\ WR VSRW IODZV LQ D GHVLJQ

7DQJOHG OLQHV DUH XVXDOO\ D VLJQ RI WDQJOHG IORZ RI FRQWURO
2QH ELJ FODVV LQ WKH PLGGOH WKDW WDONV WR DOO WKH RWKHUV DUH XVX
7ZHQW\ VHYHQ OD\HUV RI GHULYDWLRQ DUH XVXDOO\ D VLJQ WKDW \RX VKRX

" /IDVW SLHFH Rl WKH SX]]JOH LV WR FRQQHFW WKH V\VWHP V VWDWLF DQC(

" $VHTXHQFH GMKRIZMDEZKDW PHWKRGYV REMHFWYV FDOO WR FRPPXQLFDWH z
FDVH

2EMHFW VKRZQ DW WKH WRS
/LIHVSDQ RI PHWKRG LQYRFDWLRQ VKRZQ E\ UHFWDQJOH
OHWKRG LQYRFDWLRQV VKRZQ E\ DUURZYV
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. # 8-
59

JLIXUH 6HTXHQFH 'LDJUDP

"' 1RWH FUHDWLQJ FODVYVY GLDJUDP DQG VHTXHQFH GLDJUDPV LV DOVR L\
$'LVFRYHU PHWKRGVY DV \RX UHDOL]H WKHUH V QR ZD\ IRU ; WR DVN < WR GR
6RPHWLPHY UHDOL]H WKDW RQH HOQWLW\ RXJKW WR EH VSOLW LQWR VHYHUD
$IJDLQ WKH GLVFXVVLRQ DURXQG WKH GLDJUDPV LV DV LPSRUWDQW DV WKH

"1RZ WKDW \RX NQRZ ZKDW WKH SLHFHYVY DUH OHW V SXW WKHP WRJHWK
" 3KDVH
" ,GHQWLI\ UHDO ZRUOG GRPDLQ REMHFWYVY DQG WKHLU UHODWLRQVKLSYV
6WDUW GUDZLQJ GRPDLQ PRGHO GLDJUDP
'UDZ XVH FDVH GLDJUDPV
'RQ W ZULWH WKH XVH FDVHV WKHPVHOYHV \HW
" 3KDVH
6WDUW ZULWLQJ XVH FDVHYV
&UHDWH UREXVWQHVY GLDJUDP
 WHUDWH LWHUDWH LWHUDWH
' 8SGDWH GRPDLQ PRGHO GLDJUDP WR UHIOHFW \RXU GLVFRYHULHYV
" 3KDVH
'UDZ VHTXHQFH GLDJUDP IRU HDFK XVH FDVH
&UHDWH FODVYV GLDJUDP E\ FRPELQLQJ LQIRUPDWLRQ IURP GRPDLQ PRGHO D
" 3KDVH
ULWH FRGH WKDW LPSOHPHQWY FODVYV GLDJUDP
" ORVW LPSRUWDQW UXOH LI \RX FKDQJH VRPHWKLQJ XSGDWH HYHU\WKI
(J LI \RX DGG D PHWKRG ZKLOH ZULWLQJ FRGH SXW LW LQ WKH FODVV GLD

" 'UDZLQJ 80/ GLDJUDPV E\ KDQG LV WHGLRXV HUURU SURQH DQG FRXQV
3&RXQWHU SURGXFWLYH” EHFDXVH WKHUH V QR ZD\ WR DXWRPDWLFDOO\ FKH
" 6SHFLDOL]HG WRROV WR DLG LQ FRQVWUXFWLQJ GLDJUDPV KDYH EHHQ
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" 6SDQ WKH VSHFWUXP IURP
3XUH PRGHOLQJ WRROV KHOS XVHUV FUHDWH GLDJUDPV EXW GRQ W LQWHJI
" 5RXQG WULS HQJLQHHULQJ WRROV FDQ WUDQVODWH PRGHOV LQWR VNHOHW
" 6RPH LQWHJUDWH ZLWK ,'(V VXSSRUW PXOWLSOH ODQJXDJHV FDQ WDON WR
" $UJR8QN SUREDEO\ WKH PRVW DGYDQFHG RSHQ VRXUFH 80/ WRRO DYDLODEO

" ORVW SURJUDPPHUY KDYHQ W DGRSWHG 80/ PRGHOLQJ WRROV EHFDXVH
7KH WRROV DUH H[SHQVLYH DQG RU GLIILFXOW WR OHDUQ
,] SHRSOH FDQ W GR VRPHWKLQJ XVHIXO ZLWK D WRRO LQ WKH ILUVW KRXU
%XW PRUH LPSRUWDQWO\ WKH\ GRQ W ILQG PRGHOLQJ XVHIXO
" 38VH WKH VRXUFH /XNH’
7TKHUH V D ORW RI FKLFNHQ DQG HJJ LQ WKLYV

8QWLO HQRXJK SURJUDPPHUV FUHDWH PRGHOV DQG FDQ UHDG WKHP WKH!L
GR VR

' 6HHPV OLNH D ORW RI ZRUN GRHVQ W LW"
' %XW UHPHPEHU
<RX UH JRLQJ WR GR DOO RI WKLV DQ\zZD\
' <RX UH MXVW GRLQJ LW LQ \RXU KHDG«
«ZKHUH LW V QR XVH WR DQ\RQH HOVH
,W WDNHV OHVV WRWDO WLPH
FHHOGDVV @OFRRQOHO®@ DOFERQQHO® IRU WKH HYLGHQFH
' $QG WKH QH[W WLPH VRPHRQH WHOOV \RX WKDW ;<= ZLOO LPSURYH \RXU S|
' 6R ZK\ GRQ W DOO ODUJH SURMHFWYV XVH WKLV NLQG RI SURFHVV"
, JQRUDQFH OD]JLQHVV DQG ODFN RI FRPSHWLWLYH SUHVVXUH
$PHULFDQ FDU PDNHUV LQ WKH V VROG ORWYV RI JDV JX]]OLQJ UXVW EXFI
' 7KHQ 9RONVZDJHQ DQG 7R\RWD DUULYHG
W V LQDSSURSULDWH
1RW JRRG DW KDQGOLQJ UDSLGO\ FKDQJLQJ UHTXLUHPHQWYV
/HDUQLQJ EXUYH
' <HV LW OO PDNH \RX IDVWHU RQ IXWXUH SURMHFWV«
«EXW OHDUQLQJ LW ZLOO VORZ \RX GRZQ RQ WKLV RQH«
«DQG LI \RX GRQ W PHHW WKLEH 8D GOLRQWH SKRMHRRY W
WRS

The Nevex Process

'UDIW 9HUVLRQ

" 9HU\N IHZ LQGLYLGXDOV RU WHDPV VWLFN WR D WH[WERRN SURFHVV
"' $ SURFHVV LV MXVW D WRRO
<RX VKRXOG DOzZD\V DGDSW WRROV WR ORFDO QHHGV«
«DQG SHUVRQDOLWLHYV
" 7KLV OHFWXUH LV D VOLJKWO\ ILFWLRQDOL]JHG DFFRXQW RI ZKDW 1HYH
" $ FRPSXWHU VHFXULW\ VWDUWXS DFTXLUHG E\ %DOWLPRUH WKHQ E\ +HZOH
6KLSSHG VHYHUDO PDMRU YHUVLRQV RI D FRPSOH[ SURGXFW DQG PDQ\ SDWI
OHW GHDGOWRIRHWY RI ODWH QLJKWY DQG ZHHNHQGYV
" 6WDUWLQJ SRLQW
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" 9HUVLRQ RI *5$&( VKLSSHG ODVW ZHHN
" 9HUVLRQ KDV WR VKLS LQ DSSUR[LPDWHO\ HLIJKW PRQWKYV
" 3BHUVRQQHO DYDLODEOH DUH
" 2QH RYHUDOO PDQDJHU
" 1LQH GHYHORSHUV WZR MXQLRU IRXU LQWHUPHGLDWH WKUHH VHQLRU
" 2QH GHYHORSHU VXSSRUW LQVWDOOHUV EXLOG HWF
" JRXU TXDOLW\ DVVXUDQFH 4%
" 2QH WHFKQLFDO ZULWHU
" 2QH VA\VWHP DGPLQLVWUDWRU
" 2QH KHOS GHVN
" 2QH SURGXFW PDQDJHU PDUNHWLQJ VDOHV VXSSRUW HWF
"' 2QH VHFUHWDU\ +5 RIILFH DGPLQ
SURMHFW OLIHF\FOH

JLIXUH SURMHFW /LIHF\FOH

*RDO PHHW VFKHGXOH DIOWKRNKIR L & H I IFRDJOW
" 1R SRLQW JHWWLQJ VRPHWKLQJ IODN\ WR WKH WUDGH VKRZ LI KDOI WKH GHY

,PSRUWDQW WR KDYH HYHU\RQH RQ WKH VDPH SDJH

" %HFDXVH FRPPRQ VHQVH LVQ W

([HUFLVH KDYH HYHU\RQH RQ WKH WHDP ILOO RXW WKH IROORZLQJ IRU
" % LWVMWOEDUAWN ASLFDO DQVZHUV KDYH \RXU WHDP PHPEHUYV UHSODFH WKHP ZI

SUREOHP VWDWHMHIWREOGBRWIEHLQJ DEOH WR DFFHVV WKH %,1' PROHFXODU (
7TDUJHW PDUNHBIIHFWYV VFLHQWLVWY VWXG\LQJ SURWHLQ LQWHUDFWLRQV

,PSDFW 7TKH LPSDFWHKN\WBRDWRQO\ LQVSHFW XSGDWH VLQJOH UHFRUGV

6ROXWLRQ 2XU VROXWQRYWY SURMVRIDPPHUV VHDUFK DQG XSGDWH WKH GDWD
PXOWLSOH ODQJXDJHV

6SHFLILF DXGLHRUWH SURJUDPPHUYV

ZKR ZDQW WRFRUSRUDWH %,1' LQWR D ODUJHU DSSOLFDWLRQ
7THFKQLFDO GHWRWRUOBWRGXFME IWVHDYLFHY $3, EDVHG RQ 62%$3

WKDW VXSSRUWYV UHPRWH FDOOV LQWR WKH FRUH %,1"' $3,
&RPSHWLWLYH FRESODHWLVRIGUHHQ VFUDSLQJ

RXU SURGXFMQ EH XVHG GLUHFWO\ DQG UHOLDEO\ LQ PDQ\ ODC
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330DQV DUH XVHOHVV EXW SODQRWQJ UWHQXBR@MDEOH
BURGXFW PDQDJHU JDWKHUV UHTXLUHPHQWY IURP FXVWRPHUV
' &XVWRPHUV RIWHQ VD\ 2:H ZDQW IHDWXUH ; ~
2IWHQ PHDQV 3, KHDUG VRPHRQH PHQWLRQ WKLV ZKLOH , ZDV ZDLWLQJ IRL
3URGXFW PDQDJHU WXUQV WKDW LQWR 3:H ZDQW WKH SURGXFW WR EH DEOH
' :KDW GR FXVWRPHUV ZDQW WR EH DEOH WR GR WKDW WKH\ FDQ W ULJKW Q!
'’ :KDW GRHV WKH SURGXFW PDNH WKHP GR WKDW WKH\ GRQ W ZDQW WR KDY
'HYHORSHUV DQDO\]H WKH IHDWXUH UHTXHVWY SURYLGHG E\ WKH SURG
+RZ FDQ WKH FDSDELOLW\ EH LPSOHPHQWHG"
' 2IWHQ LQYROYHV UHVHDUFKLQJ QHZ WHFKQRORJLHVY FRPSHWLWRUV SURG!:
'’ :KDW DUH WKH ULVNV DQG XQNQRZQV"
%HVW ZD\ WR ILQG RXW LV RIWHQ WR EXLOG VRPH WKURZDZD\ FRGH
7KLV JRHV XQGHU YHUVLRQ FRQWURO OLNH DQ\WKLQJ HOVH«
' «EXW VKRRMIGHQ EH *JURZQ " LQWR WKH SURGXFW
' +RZ ORQJ ZLOO LW WDNH"
‘H OO0 UHWXUQ WR WKLV WRSLF EHORZ
8VXDOO\ WDNHYV ZHHNV WR GR $ (
‘KDW V HYHU\RQH HOVH GRLQJ ZKLOH WKLV LV JRLQJ RQ"
' 3URYLGLQJ HVWLPDWHV RI WKHLU RZQ RI FRXUVH
(YHU\ IHDWXUH PXVW EH WHVWHG DQG GRFXPHQWHG
OXVW DOVR EH DGGHG WR WKH GDLO\ EXLOG DQG WR WKH LQVWDOOHU
' 6R 4$ GRFXPHQWDWLRQ DQG GHYHORSHU VXSSRUW QHHG WR DGG WLPH HVV
‘KHQ DOO $ ( V DUH GRQH WKH SURGXFW PDQDJHU FROOHFWYVY WKH HVW
7RWDO WLPH LV IRU H[DPSOH ZRUN GD\V
%XW RQO\ ZRUN GD\V DUH DYDLODEOH
' )LIWHHQ SHRSOH LQ GHYHORSPHQW 4% WHFK ZULWLQJ DQG WHFKQLFDO V
' (LJKW PRQWKV RI ILYH GD\V D ZHHN PLQXV VWDWXWRU\ KROLGD\V
OLQXV IRU VLFN GD\V HPHUJHQF\ EXJ IL[HV IRU H[LVWLQJ FXVWRPHUV H
1R WHDP HYHU ZRUNV DW FDSDFLW\ VR GRQ W VFKHGXOH WKDW ZD\
6R QRZ WKH SURGXFW FUDLRIMUL KDV WR
' "KLFK IHDWXUHV DUH PRVW FRVW HIIHFWLYH WR GHYHORS"
,H ZLOO VDWLVI\ WKH PRVW FXVWRPHU QHHGYV IRU WKH OHDVW HIIRUW"
'HYHORSHUV GRQ W NQRZ HQRXJK GRQ W KDYH HQRXJK FXVWRPHU FRQWDF

' 8VXDO ZD\ WR GR WKLV LV WR EXLOG D T JULG
' 5DQN HDFK IHDWXUH ORZ PHGLXP KLJK RQ LPSRUWDQFH DQG WLPH UHTXLUE
ORUH KRQHVW WKDQ WKH IDOVH DFFXUDF\ RI D VFDOH

Created by Prince (www.princexml.com)



J)LIXUH JHDWXUH 5DQNLQJV

SURGXFW PDQRMBIORIZAHG WR VKDYH GHYHORSHUV WLPH HVWLPDWHV

", VKH LV GHYHORSHUV ZLOO VWDUW SDGGLQJ WKHLU HVWLPDWHYV «

" «RU VXSSO\LQJ UDQGRP QXPEHUV VHFXUH LQ WKH NQRZOHGJH WKDW WKH\
/HWWLQJ PDQDJHUV PDNH XS 3VFLHQFH ILFWLRQ VFKHGXOHV" LV RQH RI WKH
" 7KH RWKHU LV QRW GRLQJ HQRXJK WHVWLQJ HDUO\ RQ

<HV FXVWRPHUV DQG \RXU PDUNHWLQJ GHSDUWPHQW ZLOO FRPSODLQ LI W

% XW SXWWLQJ LWZK® QVKRIXVFERI L XMKHD WV BIRHHGE)QOW LV SURWHRMKH FKDQFHYV F
LPSOHPHQWHG RQ WLPH

"WV EHWWHU WR OLYH XS WR VPDOO SURPLVHV WKDQ EUHDN ELJ RQHV

(QG UHVXOW RI $ ( SURFHVV LV D VFKHGXOH WKDW HYHU\RQH EHOLHYH'

<HV LW FRQWDLQV D ORW RI JXHVVZRUN«
«EXW LW V EHWWHU WKDQ QRWKLQJ«
«DQG HVWLPDWHV LPSURYH ZLWK SUDFWLFH

1R WHPSODWH LV LGHDO IRU DOO $ ( V

(YHU\ $ ( LV GLIITIHUHQW EHFDXVH HYHU\ SUREOHP LV GLIIHUHQW
BHTXLULQJ WHDP PHPEHUV WR H[SUHVV WKHLU LGHDV LQ D IL[HG ZD\ MXVW O

7\SLFDO $ ( KDV WKHVH VHFWLRQV

7LWOH DXWKRU V UHYLVLRQ KLVWRU\

([HFXWLYH VXPPDU\ DEVWUDFW

' 2QH SDUDJUDSK

' 7JHOOV VRPHRQH EURZVLQJ WKURXJK GRJHQV RI $ ( V ZKHWKHU WKLV LV RQI
%DFNJURXQG

' $LP LV WR SURYLGH D FRQWH[W IRU HYDOXDWLQJ GHFLVLRQV

* QWURGXFH WKH SUREOHP WR D UHDVRQDEO\ NQRZOHGJHDEOH GHYHORSHU
' 'RQ W H[SODLQ ZKDW WKH ,QWHUQHW LV«

'’ ,PDJLQH ZULWLQJ IRU ZKR \RX ZHUH ZKHQ \RX VWDUWHG WKH SURMHFW
8VHU VWRULHV

' :KDW ZLOO SHRSOH EH DEOH WR GR RU GR EHWWHU ZKHQ WKLV IHDWXUH I
' 2IWHQ WKH VWDUWLQJ SRLQW IURP ZKLFK 4$ GHYHORSY WHVW FDVHV DQG
2IWHQ ILQG WKHUH V DQ HDV\ ZD\ WR JLYH FXVWRPHUV KDOI Rl ZKDW WKH\ Z
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(VWLPDWH ERWK DQG GLVFEXVV SURV DQG FRQV«

«EHFDXVH WKH SURGXFW PDQDJHU PD\ GHFLGH WR JR ZLWK WKH FKHDS \
31RW HYHU\WWKLQJ ZRUWK GRLQJ LV ZRUWK GRLQJ ZHOO ~

JRU HDFK DOWHUQDWLYH
+RZ ORQJ ZLOO LW WDNH WR FUHDWH" 7R WHVW" 7R GRFXPHQW" 7R DGG WR

:KDW LPSDFW ZLOO LW KDYH RQ RWKHU IHDWXUHV"

+RZ ULVN\ LV LW L H KRZ FHUWDLQ DUH \RX RI \RXU HVWLPDWH "
'RQRMDRVV RYHU WKH KDUG ELWV
7KLV LV ZKHQ \RX GR \RXU KDUG WKLQNLQJ ZKLOH \RX UH VWLOO IUHVK

3:H SDUVH WKH ;0/ FRQILJXUDWLRQ ILOH M®ROVIREHNQ$D(PLUDFOH KDSSHQV" L
SHIHUHQFHV

7TKHVH GD\V XVXDOO\ D OLVW RI 85/V

,QFOXGH SRLQWHUV WR SURWRW\SHYVY VWRUHG LQ WKH YHUVLRQ FRQWURO |
7LPH HVYWLPDWHYV FRPH IURP H[SHULHQFH
<RX FDQ XVXDOO\ HVYWLPDWH KRZ PXFK FRGH \RX OO KDYH WR ZULWH WR LPS
I \RX FDQ W \RX VKRXOG JR EDFN DQG WKLQN LW WKURXJK LQ PRUH GHWD
<RX VKRXOG NQRZ KRZ ORQJ LW WDNHV \RX WR GHYHORS ZRUNLQJ FRGH

-XVW DV UXQQHUV NHHS WUDFN RI WKHLU WLPHV IRU UXQQLQJ PHWHUYV
7KH PRVW HODERUDWH YHUVLRQ RI WKLV LV :DWWV +XPSKUH\ V 3HUVRQDO
,Q SUDFWLFH HQRXJK WR NHHS WUDFN RI KRZ PDQ\ GD\V \RX VSHQG RQ HDI

«ZKHUH 3GD\V VSHQW ™ LQFOXGHYVY GHEXJJLQJ WLPH

<RXU ILUVW HVWLPDWHYV ZLOO EH ZLOGO\ ZURQJ
%XW WKH PRUH \RX HVWLPDWH WKH EHWWHU \RXU HVWLPDWHY ZLOO EHFRI
([SHFW WR UHYLVH WKLV GRFXPHQW VHYHUDO WLPHV

SURMHFW PDQDJHU DVVLIJQV WDVN RI UHYLHZLQJ $ ( WR VSHFLILF GHYHORSH

(QVXUHV WKDW UHYLHZV DFWXDOO\ JHW GRQH«

«DQG WKDW NQRZOHGJH DQG GHFLVLRQV DUH FRPPXQLFDWHG

'"HYHORSHUV WKHQ ILQLVK GHVLJQV

3XUSRVH LV WR FRQYLQFH SHRSOH

LQFOXGLQJ WKHPVHOYHV WKDW WKH\ FL

9HU\ HDV\ WR EHOLHYH LQFRPSDWLEOH WKLQJVY ZKHQ LW V DOO LQ \RXU KH
7KH DFW Rl ZULWLQJ LW GRZQ H[SODLQLQJ LW IRUFHVY EULQJY WKHVH LVV
«DQG HQVXUHV WKDW RWKHU SHRSOH NQRZ ZKDW \RX WKLQN WKH\ WKLQN \
$OVR KHOSV \RX UHPHPEHU ODWHU ZK\ \RX UH GRLQJ VRPHWKLQJ D SDUWLF
1RWH WKDW GHVLJQ RYHUODSY DQDO\VLYV
$IWHU DOO LW V LPSRVVLEOH WR HVWLPDWH KRZ ORQJ LW ZLOO WDNH WR
/HYHO RI GHWDLO YDULHV ZLGHO\

7KH EHWWHU GHYHORSHUV XQGHUVWDQG WKH SURGXFW DQG WKH WHFKQROR
OHDGLQJ WR QDVW\ VXUSULVHYV

7KH JUHDWHU WKH FRVW RI GHOLYHULQJ WKH ZURQJ WKLQJ WKH PRUH GHWL
%XW LW GRHVQ W KHOS WR GR D GHWDLOHG GHVLJQ WKDW FXVWRPHUV FDC
8S IURQW GHVLJQ LV D WRRO IRU PDQDJLQJ ULVN
7KH ODWHU \RX FKDQJH RU IL[ VRPHWKLQJ WKH PRUH H[SHQVLYH LW LV
%XW WKH PRUH WLPH \RX LQYHVW XS IURQW WKH ORQJHU LW LV XQWLO \RX
:ULWH WKH FRGH

$OVR RYHUODSYVY DQDO\WLY DQG GHVLJQ
%XLOG WKURZDZD\ SURWRW\SHYVY ZKLOH GRLQJ DQDO\VLYV

([SHFW WR UHILQH GHVLJQ GXULQJ HDUO\ VWDJHV RI FRQVWUXFWLRQ

,/ \RX UH VWLOO UHILQLQJ WKH GHVLJQ D ZHHN EHIRUH \RX UH GXH WR VKL!
5HPHPEHU WKDW FRGLQJ LQFOXGHV ZULWLQJ XQLW WHVWYV

7KHVH DUH WKH GHYHORSHU V UHVSRQVLELOLW\
,QFOXGH FRYHUDJH DQDO\VLYVY LQ WKH GDLO\ EXLOG
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,Q WKHRU\ 4% VKRXOG UHIXVH WR WHVW IHDWXUHV WKDW DUHQ W H[HUFLYV

2IWHQ UHIDFWRU ROG FRGH ZKLOH DGGLQJ QHZ VWXII
<RXU VNLOOV DQG FRGLQJ VW\OH LPSURYH RYHU WLPH

2U WKH SHUVRQ ZRUNLQJ RQ WKH IHDWXUH LQ 9HUVLRQ NQRZV VRPHWKL

7KH SUREOHP FKDQJHYV RYHU WLPH

$ JRRG VROXWLRQ WR ODVW \HDU V UHTXLUHPHQWY PD\ QRW EH D JRRG VR

' $V IHDWXUHV DUH FRPSOHWHG XSGDWH WKH GHVLJQ WR UHIOHFW ZKD)
JJ\RX GRQ W WKHQ

7KH QH[W SHUVRQ ZKR KDV WR ZRUN ZLWK WKH FRGH ZLOO KDYH D KDUGHU
<RX OO KDYH WR VWDUW IURP IXUWKHU EHKLQG WKH QH[W WLPH \RX QHHG

ODNLQJ VXUH WKLV KDSSHQV LV WKH SURMHFW PDQDJHU V MRE
ODLQWHQDQFH XVXDOO\ VWDUWYVY EHIRUH WKH SURGXFW JRHV RXW WKH
J)L[ EXJV OHIW RYHU IURP WKH SUHYLRXV F\FOH ZKLOH DGGLQJ IHDWXUHV LQ
6WDUW IL[LQJ EXJV LQ QHZ IHDWXUHYV DV 4% GLVFRYHUV WKHP

/IDVW TXDUWHU RI D SURMHFWE XBKOHLLEVQIVXDOO\ QRWKLQJ

4XDOLW\ DVVXUDQFH VWDUWY DW WKH VDPH WLPH DV GHYHORSPHQW
$V VRRQ DV IHDWXUH VSHFLILFDWLRQV DUH ILUP 4% FDQ

6WDUW PDNLQJ XS OLVWV RI WHVWV WR UXQ
6WDUW ZULWLQJ XWLOLW\ SURJUDPYV

$QG RI FRXUVH WKHUH V DOZD\V EXJ IL[HV WR WKH SUHYLRXV YHUVLRQ WR \
4% V XVXDO UROH LV WR ILQG EXJV LQ WKH ILQLVKHG SURGXFW

<HV GHYHORSHUV VKRXOG GR WKLV DV WKH\ UH FRGLQJ«

«EXW LQ SUDFWLFH WKH\ DUH XVXDOO\ WRR IRFXVHG RQ SDUWLFXODU IHDW.
'"HYHORSHUV DOVR WHQG QRW WR EH JRRG DW WHVWLQJ

6XEFRQVFLRXADDQVNRRIQ QMG SUREOHPYV
JRFXV RQ WKH SDUWV WKH\ UH PRVW IDPLOLDU ZLWK UDWKHU WKDQ WKH S

4% V UHDO MRE LV RKNRXIM DUH RKOWSHQLQJ

37U\LQJ WR LPSURYH WKH TXDOLW\ Rl VRIWZDUH E\ GRLQJ PRUH WHVWLQJ LV
RIWHWHYH OF&RQQHOO

6R WKDW GHYHORSHUV VWRS PDNLQJ WKDW NLQG RI PLVWDNH
'RFXPHQWDWLRQ DOVR VWDUWYVY EHIRUH SURGXFW LV DYDLODEOH
'"HVFULEH QHZ *8, VFUHHQV EDVHG RQ PRFN XSV GUDZQ IRU $ (

'ULWH QHZ RQ OLQH KHOS

I WKH WHFKQLFDO ZULWHU FDQ W ILJXUH RXW KRZ WR H[SODLQ D IHDWXUH
'HYHORSHU VXSSRUW VWDUWY ZRUN RQ LQVWDOOHUV WKH VDPH GD\ GF
ODNHV VXUH WKH GDLO\ EXLOG WHVW NHHSV UXQQLQJ

$QG FKDVWLVHY GHYHORSHUV ZKR YH EURNHQ WKLQJV

(YHU\RQH KDV D VWDWXV UHSRUW LQ WKHLU PDLOER[ ZKHQ WKH\ DUULYH HDI
6FKHGXDEBZIIYY WR GDWH
'HYHORSHUV SURYLGH SURJUHVV UHSRUWYV HYHU\ ZHHN DW OHDVW

'RLQJ WKLV DW DP ORQGD\ ZRUNV EHWWHU WKDQ DVNLQJ IRU LW DW

$0ZD\V EDMVH@RWD PLOHVWRQHYV

,] \RX DOORZ SHUFHQWDJHVY WKHQ PDQ\ WDVNV ZLOO EH GRQH IRU R
,QVWHDG EUHDN WDVNV GRZQ LQWR VXEWDVNV WKDW DUH DW PRVW D IHZ
'"HVFULEH PLOHVWRQHVLUDDW B UHPG&/HRILY WKRROWWKDW VRPHRQH HOVH FDQ F

7KH UHDO SXUSRVH RI D VFKHGXOH LV WR KHOS WKH SURMHFW PDQDJHU FXW

+RZ IDU RIl WUDFN DUH ZH"
:KDW FDQ ZH FXW RU VFDOH EDFN WR JHW RQ WUDFN"
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' 7KH ODVW WKLQJ \RX H®RHDWHGLRMVWKH W KY¥H U M DRIQ \QHK PE H U
" /HDYH WKLV XQWLO WKH HQG EHFDXVH
" <RX PD\ GLVFRYHU WKDW ZKDW \RX WKRXJKW zZDV JRLQJ WR EH RQH UHOHD
ODUNHWLQJ PD\ FKDQJH LWV PLQG EDVHG R@WEKBWHDKHMVFRPSHWLWLRQ LV F
5HIHU WR WKH UHOHDVH E\ D FRGHQDPH OLNH 3%HU\OOLXP" RU 30XQLFK”™ ZK
' $0ZD\V SRVIW PRROVWRH SURMHFW DIWHU VKLSSLQJ
" :KDW ZHQW ULJKW WKDW ZH ZDQW WR GR DJDLQ "
:KDW ZHQW ZURQJ WKDW ZH ZDQW WR DYRLG QH[W WLPH "
8VXDOO\ EHVW WR EULQJ LQ D QHXWUDO RXWVLGHU WR IDFLOLWDWH
" JHHGEDFN LV RQO\ DV XVHIXO DV LW LV KRQHVW
' $QG WKHQ VWDUW WKH QH[W URXQG RI $ ( V

%HFDXVH ZKLOH WKH GHYHORSPHQW WHDP KDV EHHQ ZUDSSLQJ XS WKLV UHC
QH[W RQH

Exercise 28.1:
'RHV \RXU PDQDJHU NQRZ ZKHQ \RX H[SHFW WR FRPSOHWH \RXU FXUUHQW WDVN
Exercise 28.2:

&DQ \RX ILQG RXW ZKHQ \RXU PDQDJHU H[SHFWV \RX WR FRPSOHWH \RXU FXUUH/!
PHPEHUV H[SHFW WR FRPSOHWH WKHLU FXUUHQW WDVNV ZLWKRXW DVNLQJ WKF

WRS

Backward, Forward, and Sideways

'UDIW 9HUVLRQ

" J)URP RQH SHUVSHFWLYH WKLV FRXUVH KDV MXVW VFUDWFKHG WKH VXL
" J)URP DQRWKHU LW KDV LQWURGXFHG \RX WR WKH Rl VRIWZDUH HQJL
SURIHVVLRQDO GHYHORSHUV GR
THFEKQLTXHYV
6XSSRUWHG E\ WRROV
", Q WKLV OHFWXUH ORRN DW D IHZ RI WKH QH[W VWHSV \RX PLJKW ZDQ\

' ,Q WKH EHJLQQLQJ WKHUH ZDV )RUWUDQ
" $ JUHDW OHDS IRUZDUG
"% XW QRW UHDOO\ PDWKHPDWLFV
* 7JKHQ LQ WKH ODWH vV $3/
6WDUWHG DV D QRWDWLRQ IRU OLQHDU DOJHEUD
" 7TXUQHG RXW LW FRXOG EH LPSOHPHQWHG RQ D FRPSXWHU
" 33URJUDPPLQJ LQ PDWKHPDWLFV’
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,l \RX UHDG *UHHN EDFNZDUGYV
BHHKWWS ZZZ XVHUV FORXG QHW aEUDGPFRE3H KMPWD GHWDLOV
' 0$7/$% HPHUJHG LQ WKH HDUO\ V DV D VFULSWLQJ WRRO IRU %/$6 W
+LJK OHYHO ODQJXDJH IRU SXVKLQJ )RUWUDQ DUUD\V DURXQG
*UDSKLFV 22 DQG PDQ\ RWKHU FDSDELOLWLHY DGGHG RYHU WKH \HDUV
" 3\WKRQ V HTXLYDCPHQUW R&/XWHKHVRPHWLPHY UHIHUUHG WR DV 1XP3\
' $ KLJK SHUIRUPDQFH & OLEUDU\ ZUDSSHG LQ D KLJK OHYHO LQWHUIDFH
&RUH SDFNDJH SURYLGHV HIILFLHQW PXOWLGLPHQVLRQDO DUUD\V
OXFK VORZHU WKDQ FRPSLOHG & RU )RUWUDQ«
«EXW PXFK HDVLHU WR ZULWH«
' «DQBXFKDVWHU WKDQ SXUH 3\WKRQ
$GG RQV SURYLGH UDQGRP QXPEHU JHQHUDWLRQ ))7V DQG OLQHDU DOJHEU
YRUPV WKH EDVLV RI RWKHU SDFNDJHV
PDWSORWOLB$7/$% VW\OH SORWWLQJ
3,/ 3\WKRQ ,PDJLQJ /LEUDU\ IRU LPDJH SURFHVVLQJ
" 1XP3\ LV EHLQJ UHSOD® M B DALWBRGIX @HH Z
(IWUD KDQGV DOZD\V ZHOFRPH
" $OVR ZRUWK ORRBNLQJ DW
$ FROOHFWLRQ RI VFLHQWLILF XWLOLWLHV EXLOW RQ WRS RI 1XPS\

' 7TKB\WKRQ ,PDJLQJ /LEWMUWRRONLW IRU ZRUNLQJ ZLWK LPDJHV LQ MXV)
HQFRXQWHU
6FDOH FURS RYHUOD\ PHUJH HWF
2SHQ VRXUFH EXW FRPPHUFLDO VXSSRUW LV DYDLODEOH
' ((IDPSOH UHGXFH WKH DPRXQW Rl JUHHQ LQ DQ LPDJH EXW RQO\ ZKHUI

'LPSRUW V\V ,PDJH

~ &RORU EDQGV LQ LPDJH
5( *5((1 %/8(

. 5HDG LPDJH
LP ,PDJH RSHQ V\V DUJY> @

. 6SOLW WKH LPDJH LQWR LQGLYLGXDO EDQGV
'VRXUFH LP VSOLW

.~ &UHDWH D ELWPDVN RI UHJLRQV ZKHUH WKHUH V UHG
'GHI OHVV7KDQ [

Ll
UHWXUQ |

HOVH
UHWXUQ

PDVN VRXUFH>5('@ SRLQW OHVV7KDQ

. 3URFHVV WKH JUHHQ EDQG

"GHI UHGXFH®%\+DOI [

3 UHWXUQ [

'RXW VRXUFH>*5((1@ SRLQW UHGXFH%\+DOI

. 3DVWH WKH SURFHVVHG EDQG EDFN EXW RQO\ ZKHUH UHG ZDV
'VRXUFH>*5((1@ SDVWH RXW 1RQH PDVN

. %XLOG D QHZ PXOWLEDQG LPDJH
‘LP ,PDJH PHUJH LP PRGH VRXUFH
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. 6DYH IRU GLVSOD\
‘LP VDYH V\V DUJY> @

INIEIRINTRRIIN 1 bLELEL

Soﬁ‘wqre qupenrrg

LRt bER L TRETTTTETETEERETTRTT]

J)LIXUH 2ULJLQDO ,PDJH

FIRR TR FiTRETTITEY lily:ml (FUERTHTSTIRIT] F T TIRTET

SdWﬂI:e Cﬂrpenrrg

JLIXUH 3URFHVVHG ,PDJH

"1RWH LI \RX UH ORRNLQJ IRU D SURIHVVLR@BO TXDOLW\ LPDJH HGLWLC
" W V FRPSOH[ EXW DOVR SRZHUIXO

' 6DLG EDEANWIRPDWH® BDWOO®WH KDV WXUQHG LQWR D VPDOO SURJUDPPL
"'$ YHU\ FOXPV\ RQH DW WKDW FRQIXVLQJ VIQWD[ QR GHEXJJHU «
" 7KH VDPH WKLQJ KDSSHQV HYHQWXDOO\ WR HYHU\ RWKHU EXLOG PDQD.
6R ZK\ QRW VWDUW ZLWK D UHDO SURJUDPPLQJ ODQJXDJH DQG HPEHG D EXL
’ G&RQ:\RPELQHV WKH PRVW XVHIXO IHDWXUHV RI ODNH ZLWK WKH IXOO0O Si
,QVWHDG RI D ODNHILOH \RX ZULWH DQ 6&4RQVWUXFW ILOH
" 8VH IXQFWLRQ FDOOV LQ WKDW ILOH WR WHOO 6&RQV ZKDW \RX ZDQW WR EX
" /LNH ODNH LW KDV D ULFK VHW RI GHIDXOW UXOHYV
%XW ZKHQ \RX ZDQW WR GR VRPHWKLQJ FRPSOLFDWHG \RX FDQ XVH DQ\ IHD
(J EXLOG XS D OLVW RI ILOHQDPHYV IHWFK D EXLOG UXOH IURP D GDWDED
" ([DPSOH EXLOG HLWKHU D QRUPDO RU D GHEXJJLQJ YHUVLRQ RI D SUR.

‘KDW GRHV WKH SURJUDP GHSHQG RQ"
"GHSHQGHQFLHV > ILOH F ILOH F @
LI RV SODWIRUP ZLQ
‘ GHSHQGHQFLHVY DSSHQG ZLQ F

. :KLFK YHUVLRQ DUH ZH EXLOGLQJ"
‘LI GHEXJ LQ &200%$1'B/,1(B7%$5*(76

f B3URJUDP KHOORBGEJ GHSHQGHQFLHV
"HOVH

B3URJUDP KHOOR GHSHQGHQFLHYV

RQ W KDYH WR OHDUQ D QHZ ODQJXDJH
' $QG WKH DXWKRUV RI WKH EXLOG WRRO GRQ W KDYH WR FUHDWH DQG PDLC
7KHUH V D GHEXJJHU
' &RQ
OXFK OHVV ZLGHO\ XVHG WKDQ ODNH RU $QW ZKLFK LV WKH -DYD HTXLYDOHC

" %9HHQ VD\LQJ VLQFH WKH ILUVW OHFWXUH WKDW \RX VKRXOG
:ULWH WKH ILUVW YHUVLRQ LQ 3\WKRQ RU VRPH RWKHU YHU\ KLJK OHYHO OL
" JLQG RXW ZKHWKHU LW V IDVW HQRXJK DQG LI QRW ZKDW V VORZLQJ LW GR
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2SWLPL]JH RQO\ WKRVH SDUWV WKDW \RX QHHG WR
7KH PRVW HIIHFWLYH ZzD\ WR RSWLPL]H SURJUDPV ZULWWHQ LQ KLJK OF
UHZULWH FRUH PRGXOHV LQ & RU VRPH RWKHU ORZ OHYHO ODQJXDJH
' $OVR D JRRG ZD\ WR KDQGOH LQKHULWHG FRGH ZUDSSLQJ WULHG DQG WUXV

UHZULWLQJ

' $QG IDVWHU

I \RX GRQ W MBHPINNKDG S5LVW@FKYHVKH VWDQGDUG LQWURGXFWLRQ
800PDQ /L\DQ®@JHV VRPHZKDW JHQWOHU

3\WKRQ UHSUHVHQWY WKLQJV X¥\2EMB MM\DWUKRQWDHQRI W\SH

"' $ W\SH FRGH VR WKDW WKH LQWHUSUHWHU NQRZV KRZ WR LQWHUSUHW WKH

"' $ XQLRQ ODUJH HQRXJK WR KROG DQ\ EDVLF YDOXH

,Q 3\WKRQ V FDVH WKH WZR ELW YDOXHVY QHHGHG WR VWRUH D FRPSOH]
S$UHIHUHQFWRRX®S WUDFN RI KRZ PDQ\ RWKHU REMHFWY DUH SRLQWLQJ DW

" 'KHQ D WKLQJ LV FUHDWHG LWV UHIHUHQFH FRXQW LV LQLWLDOL]HG WR
" KHQ LWV FRXQW GURS\W DMRE D JH W RR Q HFW

JLIXUH +RZ 3\WKRQ 5HSUHVHQWY 9DOXHV

(YHU\ & IXQFWLRQ WKDW WKH LQWHUSUHWHU FDOOV PXVW WDNH WZR D

VHOLM8//IRU SXUH IXQFWLRQV DQG DQ REMHFW IRU PHWKRGV
DUJVV D YDULDEOH OHQJWK OLVW RI DUJXPHQWYV
" 8VH WKH I3Q30FOMBRQUVHWRAOHWUDFW DUJXPHQWY YDOXHV

, H JHW WKH UDZ LQWHJHU RXW RI WKH ILUVW D VWULQJ SRLQWHU RXW R

([DPSOH WDNH DQ LQWHJHU DQG UHWXUQ WKUHH WLPHV LWV YDOXH
" 1RW SDUWLFXODUO\ H[FLWLQJ EXW LW LOOXVWUDWHY WKH PDLQ SRLQWYV

7ULSOH DO LOWHJHU YDOXH
VWDWLF 3\2EMHFW WULSOH 3\2EMHFW VHOI 3\2EMHFW DUJV
A
. LQW YDO
LI 3\$UJB3DUVH7XSOH DUJV L YDO ~
UHWXUQ 18//

YDO YDO
UHWXUQ 3\B%XLOG9DOXH L YDO

5HWX1J8]X/\NR VLIQDO HUURU

2WKHUZLVB\BRHO GIWRXEXLOG D 3\WKRQ VWUXFWXUH ZLWK WKH UHVXOW YD
1HHG VERHOHWROBPWIHQJ WKLV IXQFWLRQ WR WKH 3\WKRQ LQWHUSUHWH

7DEOH RI PRGXOH FRQWHQWY KDQGHG EDFN WR 3\WKRQ DW LQLWLDOL]DW

VWDWLF 3\0HWKRG'HI FRQWHQWV>@ *
.~ A~ WULSOH WULSOH 0(7+B9%$5$5*6
- ~18// 1811

 ,QLWLDOL]DWLRQ IXQFWLRQ
YRLG LQLWWULSOH

VAN
. 3\B,QLWORGXOH WULSOH FRQWHQWYV
7KH DUFRMWHRBW RQH HQWU\ IRU HDFK IXQFWLRQ
7KH LQLWLDOL]DWLRQ IXQFWLRQ
+DV D QDPH RI VKM j8RRJP WKH PRGXOH

" &DOAF,QLWORGKPIBDVYV WKH WDEOH RI PRGXOH FRQWHQWY WR WKH LQWHU S

7R XVH
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&RPSLOH WKH &WKR FHGE DEBD@NUILQGRZRRQ 8QL|
' & RS\ WKH UHVXOW WR D GLUHFWRU\ WKDW V RQ 3\WKRQ V VHDUFK SDWK
7KHQPSRUW WURGGHADWLGOH WULSOH

' W V VLPS®HU ZLWK
6LPSOH :UDSSHU ,QWHUIDFH *HQHUDWRU
", QWHUSUHWY VSHFLDOO\ IRUPDWWHG FRPPHQWYV LQ & KHDGHU ILOHV WR JHQ
"'2U 3HUO -DYD 7FO «
' 6LPLODU WRROV H[LVW WR FRQQHFW 3\WKRQ WR RUWUDQ
' &DQ DOVR JR WKH RAPEHIEWERR DG & &
" (YHU\ ODUJH DSSOLFDWLRQ HYHQWXDOO\ QHHGY DQ LQWHUDFWLYH FRPPDQG
"' 7R HPEHG
,QLWLDOL]H D 3\WKRQ LQWHUSUHWHU REMHFW
&RQYHUW DSSOLFDWLRQ YDOXHV LQWR 3\WKRQ REMHFWYV
' 3bvV WKH LQWHUSUHWHU D VWULQJ FRQWDLQLQJ WKH FRGH WR EH H[HFXW
"' 8QZUDS WKH UHVXOW
' OXOWLODQJXDJH SURJUDPPLQJ LVQ W VLPSOH
$QG PXOWLODQJXDJH GHEXJJLQJ LV GRZQULJKW KDUG
" % XW ERWK DUH RIWHQ VLPSOHU DV ZHOO DV PRUH HIILFLHQW WKDQ WKH DC

' $GHVLIQ SIDIWDVEADQRI GRLQJ WKLQJV
(J SRUFKHV ORFNHG URRP P\WWHULHV DQG QHVWHG ORRSYV
' 7RR IX]]\ WR SXW LQ D OLEUDU\ EXW D JUHDW ZD\ WR WDON DERXW GHVLJQ |
" 7KH DUFKLWHFW &KULVWRSKHU $OH[DQGHU LQYHQWHG WKH WHUP
$SDPPD HW D@ DSSOLHG WKH QRWLRQ WR REMHFW RULHQWHG SURJUDPPLQJ
1RZ GR]JHQV RI ERRNV FRQIHUHQFHV HWF
' (DVLHVW ZD\ WR H[SODLQ LV E\ H[DPSOH
" 6LQJOHWROQ
6\QRSVLV HQVXUH WKDW RQO\ RQH LQVWDQFH RI D FODVV LV FUHDWHG
&RQWH[W ZDQW HYHU\ REMHFW WKDW XVHV D FODVV WR XVH WKH VDPH LQV\
' (J WKH JUDSKLFV GULYHU IRU WKH VFUHHQ
YRUFHV
7KHUH PXVW EH H[DFWO\ RQH LQVWDQFH RI WKH FODVYV
$00 REMHFWV WKDW XVH WKH FODVV PXVW KDYH DFFHVV WR WKDW LQVWDOC
' BROXWLRQ
ODNH WKH FRQVWUXFWRU SULYDWH VR WKDW RWKHU FODVVHV FDQ W JHW C
3URYLGH D VWDWLF PHWKRG IRU FRQVWUXFWLRQ
+DYH WKDW PHWKRG NHHS D FRS\ RI WKH ILUVW REMHFW LW FUHDWHV DQG
" YJLOWHU
6\QRSVLV G\QDPLFDOO\ FRQQHFW REMHFWYV WR WUDQVIRUP D GDWD VWUHDP
&RQWH[W VRPH FRPSXWDWLRQV PRVW HDVLO\ H[SUHVVHG DV D VHTXHQFH RI
(J LPDJH SURFHVVLQJ RU 8QL[ FRPPDQGV MRLQHG E\ SLSHV
' $OORZV XVHV WR PL[ DQG PDWFK RSHUDWLRQV HDVLO\
YRUFHV
(YHU\ ILOWHU VKRXOG UHDG DQG ZULWH WKH VDPH IRUPDW VR WKDW WKH\
W VKRXOG EH SRVVLEOH WR FKDLQ ILOWHUV WRJHWKHU LQ DUELWUDU\ RU
' BROXWLRQ
+DYH HDFK ILOWHU LPSOHPHQW DQ LQWHUIDFH WKDW UHDGY DQG ZULWHV (
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'"HILQH VSHFLDO FDVHV IRU VRXUFHV WKDW RQO\ ZULWH DQG VLQNV WKDV
3URYLGH ILOWHUV ZLWK D ZD\ WR VLJQDO WKDW WKH\ KDYH QRWKLQJ PRUH
9LVLWRU
' 6\QRSVLV VHSDUDWH WUDYHUVDO RI D FRPSOH[ VWUXFWXUH IURP RSHUDWLF
&RQWH[W ZDQW DQ HDV\ ZD\ WR GR ZDON DURXQG D FRPSOH[ VWUXFWXUH
(J YLVLW HDFK QRGH LQ D JUDSK RQFH
' YJRUFHV
' 0DQ\ GLIIHUHQW RSHUDWLRQV PD\ QHHG WR EH SHUIRUPHG
BWUXFWXUH LV FRPSOH[ HQRXJK WKDW YLVLWLQJ HOHPHQWV LV HUURU SUF
7KH W\SHV Rl REMHFWV LQ WKH VWUXFWXUH DQG WKH ZD\V WKH\ DUH FRQC
' BROXWLRQ FUHDWH DQ LWHUDWRU FODVV ZLWK GR QRWKLQJ PHWKRGV WK
' 7KLV FODVV WDNHV FDUH RI WKLQJV OLNH UHPHPEHULQJ ZKLFK QRGHV KDY
8VHUV GHULYH WKHLU RZQ LWHUDWRUV IURP WKLV ILOOLQJ LQ PHWKRGV W
6ROXWLRQ FUHDWH RQH LWHLOWHRIBERPHQYW WKDW WDNHV D
' &DOOEDFN RQO\ SURYLGHV PHWKRGV WKDW GR WKLQJV
' WHUDWRU FDOOV WKHVH DW DSSURSULDWH WLPHV
BROXWLRQ LV VLPSOHU EXW
6RPH ODQJXDJHV OLNH & GRQ W VXSSRUW GHULYDWLRQ VR \RX KDYH WR
' BROXWLRQ DOORZV \RX WR UH XVH FDOOEDFNV ZLWK GLIIHUHQW NLQGV R
1RW MXVW DERXW REMHFW RULHQWHG GHVLJQ
8VHU LQWHUIDFH SDWWHUQV
%XVLQHVYV SDWWHUQYV
' $QWL SDWWHUQV WKLQJV WR DYRLG
,Q SUDFWLFH VHUYH WZR SXUSRVHV
&RPPXQLFDWLRQ D FRQFLVH ZD\ IRU GHVLJQHUV WR FRPPXQLFDWH ZLWK HD
$QG DUJXH RXW H[DFWO\ ZKDW WKH\ PHDQ
' (GXFDWLRQ JLYHV WKHP D ZD\ WR FRPPXQLFDWH ZKDW WKH\ NQRZ WR QHZFF

5HIDFWRVYIMDKIH SURFHVYV RI FKDQJLQJ KRSHIXOO\ LPSURYLQJ WKH GH\
' &OHDQ LW XS WR PDNH FKDQJHV HDVLHU RU SRVVLEOH
' 7ZHUP SRSXODUL]JHG E\ ODUWLQ )RZOHU
2IWHQ GHVFULEHG LQ WHUPV RI *FRGH VPHOOV' DQG FRUUHVSRQGLQJ FXUH
(TXLYDOHQW WR DQ DQWL SDWWHUQ DQG DQ DOJRULWKP IRU IL[LQJ LW

' 3RZOHU@ LV D FDWDORJ RI UHIDFWRULQJV
' "HVLJQ SDWWHUQV GHVFULEH FRGH DW UHVW UHIDFWRULQJV GHVFULEH FRG
6PHOO PHWKRG RU IXQFWLRQ ERG\ UXQV WR VHYHUDO SDJHV

&XUH H{WWDFW MWHRVEBBDN WKH PHWKRG LQWR VPDOOHU PHDQLQJIXO SLHFHV

' 'RQREWHDN XS DUELWUDULO\ MXVW WR VDWLVI\ FRGLQJ FRQYHQWLRQV

' (DFK QHZ PHWKRG VKRXOG PDNH VHQVH RQ LWV RZQ
6PHOO IXQFWLRQ RU PHWKRG ZLWK PDQ\ SDUDPHWHUYV

.| D PHWKRG WDNHV HOHYHQ VWULQJV DV SDUDPHWHUV VRRQHU RU ODWHU
' &XUH VWRUH YDOXHV DV PHPEHUV Rl WKH REMHFW UDWKHU WKDQ SDVVLQJ

' %XW LW V EDG WR LQWUB®GXPHP O@B8PEEBY FDOOHG

$OWHUQDWLYH ,RUHR &KX/ FHWSHOH D P HW MR FERWHEEWH FR RFFXUULQJ SDUDPHWHU
6PHOO GXSOLFDWHG FRGH

&XUH XVH ([ WUDFW OHWKRG RQFH DJDLQ RI FRXUVH
" % XW ZKDW LI ARGRHTEUAVBRQPDWHG"
' 83VHQWURGXFH 3WR DPMWHDOOHUV D ZD\ WR VLIJQDO H[DFWO\ ZKDW WKH\ ZDQ
' «RU X¥¥0OO 8S OWWR KRG H VKDUHG FRGH LQWR SDUHQW«

«DQBRUP 7THPSODWWRHKWKRGOGVKDW VKDUHG FRGH FDOO VRPHWKLQJ WKDW HDF
6PHOO FRPSOH[ %YRROHDQ H[SUHVVLRQV LQ FRQGLWLRQDOV
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&XUHWURGXFH ([SODMDR QL YO VXEEWBUHVVLRQV PHDQLQJIXO QDPHYV
3DUWLFXODUO\ HITHFWLYH ZKHQ LW V XVHG WR WXUQ QHVWHG LI WKHQ HOVH
' 6DPH EHQHILWY DV SDWWHUQV FRPPXQLFDWLRQ VKRUWKDQG DQG HG)
' %XW WKHUH V RQH ELJ GLIIHUHQFH LW V SRVVLEOH WR EXLOG WRROV
7KH (FOLSVH ,'( IRU -DYD LV WKH EHVW NQRZQ H[DPSOH
+LJKOLJKW D PHWKRG VD\ 35HQDPH° DQG WKH ,'( FKDQJHV DOO WKH FDOOV
' $EOH WR GR WKLV EHFDXVH LW FRQWLQXRXVO\ UH SDUVHV VRXUFH FRGH D\
' ORYH PHWKRGV XS LQWR SDUHQW FODVV VSOLW FODVVHV LQ WZR DQG PXFK
I WKLV GRHVQ W FRQYLQFH \RX WR XSJUDGH IURP D GXPE HGLWRU , GRQ W
' 9HU\ LPSRUWDQW WR KD YBH KRYMI\D WM VIV WR $IIMAW R U
* :LWKRXW WKLV \RX KDYH QR ZD\ RI NQRZLQJ ZKDW HOVH \RXU UHIDFWRULQJ
' JHDWKHU® LV DQ H[FHOOHQW JXLGH WR KRZ WR ILW XVHIXO WHVWV EDFN RQ

" HUDQG@ ORRNV DW KRZ EXLOGLQJY FDQ EH GHVLIQHG WR FKDQJH DQC
" (YHU\WKLQJ KH VD\V LV GLUHFWO\ DSSOLFDEOH WR ODUJH SURJUDPYV

" BWHHOH® VKRZV \RX KRZ D JUHDW FRPSXWHU VFLHQWLVW WKLQNV DER

" DUJROLYV H)LWKBBVFULEHV ZRUN DW &DUQHJLH OHOORQ 8QLYHUVLW\ L
KRVWLOH HQYLURQPHQW IRU ZRPHQ DQG RWKHU XQGHUUHSUHVHQWHG
" 1RWH ZKLOH WKH JHQGHU UDWLR LQ FRPSXWLQJ DV D ZKROH LV DERXW VL] \

" ,OWHUQHW *URXSZDUH IRU 6FLHOQWLILFWIORONODERRRW IKRRYZ PXFK PRUH W
VFLHQWLVWYV

" $ ZHHN RI KDUG ZRUN FDQ VRPHWLPHY VDYH \RX DQ KRXU RI WKRXJKW
"L, LWV ZRUWK GRLQJ DJDLQ LW V ZRUWK DXWRPDWLQJ

" $Q\WKLQJ UHSHDWHG LQ WZR RU PRUH SODFHV ZLOO HYHQWXDOO\ EH Z
" 7TKH WKUHH FKLHI YLUWXHV RI D SURJUDPPHU DUH OD]JLQHVV LPSDWLH(
"W V QRW ZKDW \RX NQRZ LW V ZKDW \RX FDQ

" 7TKH GHDGOLQH LVQ W ZKHQ \RX UH VXSSRVHG WR ILQLVK WKH GHDGOL
"1HYHU GHEXJ VWDQGLQJ XS

" 7TRROV DUH VLIQSRVWY QRW GHVWLQDWLRQV

" 1RW HYHU\WKLQJ ZRUWK GRLQJ LV ZRUWK GRLQJ ZHOO

" &8RGH XQWR RWKHUV DV \RX ZRXOG KDYH RWKHUV FRGH XQWR \RX

" (YHU\ FRPSOH[ ILOH IRUPDW HYHQWXDOO\ WXUQV LQWR D EDGO\ GHVLJ
" 7TRROV DUH DPSOLILHUV WKH\ DOORZ JRRG SURJUDPPHUV WR EH EHWW
" 7TKH\ FDOO LW FRPSXWHU VFLHQFH EHFDXVH LW V H[SHULPHQWDO

" 3URJUDPV FRPH DQG JR GDWD LV IRUHYHU

" 7TKHUH V QR VXFK WKLQJ DV RQH SURJUDP

" 'LVFLSOLQH PDWWHUY PRUH WKDQ JHQLXYV

' 3% JRRG WHDFKHU KDV D YDOXH DERYH SHDUOV EXW D JRRG VWXGHQW
" 7TKDQN \RX DQG JRRG OXFN
WRS
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'UDIW 9HUVLRQ
DEBUGGING >$JbQV. @ 'DYLG - $JBBXJILGPHULFDQ ODQDJHPHQW

il

WV ILUVW VHQWHQFH VD\V 37KLV ERRN WHOOV \RX KRZ WR ILQG RX
ZKDW LW GRHV ,Q ILIWHHQ YHU\ VKRUW FKDSWHUV WKH DXWKRU ¢
DQG IL[ SUREOHPV LQ VRIWZDUH KDUGZDUH RU DQ\WKLQJ HOVH +L
RQH RU WZR DUH XUEDQ P\WKYV DQG KLV DGYLFH LV HPLQHQWO\ SU

>%UDQG @ BWHZDUW+RUDA OGLQBHOHBUQ 86$%

7KLV EHDXWLIXO WKRXJKW SURYRNLQJ ERRN VWDUWYV ZLWK WKH RE
UH ZRUNLQJ RU H[WHQGLQJ H[LVWLQJ EXLOGLQJV UDWKHU WKDQ FU
KDG ZULWWHQ *SURJUDP" LQVWHDG RI *EXLOGLQJ" DQG *SURJUDPP}
VDLG ZRXOG KDYH EHHQ WUXH RI FRPSXWLQJ DV ZHOO $ ORW RI VR
PHVVDJH DERXW DOORZLQJ IRU FKDQJH EXW IHZ GR LW VR VXFFHVV
0,7 OHGLD /DE WR D RQH URRP H[WHQVLRQ WR D KRXVH %UDQG HQF
EXLOGLQJV FKDQJH RU WR DGRSW %UDQG V PHWDSKRU WKH ZD\ E:
XVH &RQFXUUHQWO\ KH XVHV WKRVH LQVLJKWV WR DUJXH WKDW V
WKH\ VKRXOG EH GHVLIJQHG WR DFFRPPRGDWH XQDQWLFLSDWHG FKI
>&DVWUR @ (OL]DEHWK+&DWVWRIRWKH :RUO G 31 B HAKS$LEW
3UHVV

$ FOHDQ FOHDU FRPSUHKHQVLYH JXLGH WR FUHDWLQJ +70/ IRU WK
BKHHWV &66

>&DVWUR @ (OLIDEHWK;&8DMWUWRKH :RUOG S3IHDH KISEW 31

/JLNH RWKHU ERRNV LQ 3HDFKSLW V 9LVXDO 4XLFNVWDUW VHULHV W
ZLWKRXW HYHU EHLQJ FRQGHVFHQGLQJ ,WV FKDSWHUV DQG DSS
H[SODQDWLRQV Rl SDUWLFXODU WRSLFV IURP ZULWLQJ QRQ HPSW\
WUDQVIRUPDWLRQ 7KURXJKRXW &DVWUR VWULNHV D SHUIHFW EDO
SURYLGHV D VXUSULVLQJ DPRXQW RI GHWDLO ZLWKRXW HYHU RYHU:
o >&KDVH 6LPRQ @ ©* &KDVH DQG + $ 6LPRQ 3HUERSQILROQYL
3V\FKROR RO QR SS
7KH RULJLQDO SDSHU FRPSDULQJ WKH SHUIRUPDQFH RI QRYLFH DQG

DFWXDO DQG UDQGRP SRVLWLRQV

- >&ODUN @ OLNH &GDDNPDWLF 3URMHF3 BXRRKP DWW BRE@
I1'-'|_!-u:l_'_
. 7KLV HQWU\ LQ WKH 3UDJPDWLF %YRRNVKHOI VHULHV IRFXVHV RQ JH\
LPSRUWDQWO\ WHOO \RX KRZ WKH EXLOG ZHQW DXWRPDWLFDOO\

DP KHDOVR FRYHUV ZD\V RI DXWRPDWLFDOO\ UH UXQQLQJ WH\
DSSOLFDWLRQV DQG PRUH

>'HODUFR /LVWHU @ 7RP 'HODUFR DQG 7LPRWRISOHXYBRWBNHW +RXV

7KLV ZDV WKH ILUVW ERRN , HYHU UHDG WKDW VDLG WKDW WKH OHD
UDWKHU WKDQ WHFKQRORJ\ 8VLQJ DQHFGRWHV KXPRU DQG FRPPR

SRR LPSRUWDQW JRRG SK\VWLFDO VSDFH DOLJQLQJ DXWKRULW\ ZLWK UH?

Thred by Lt

>)HKLO\ @ &KULV )BKLBHDFKSLW 3UHVV
7KLV YHU\ UHDGDEOH ERRN GHVFULEHV WKH RI 64/ WKDW FRYHUV
PRYHV D OLWWOH VORZO\ LQ VRPH SODFHV WKH H[DPSOHV DUH H[F}

Created by Prince (www.princexml.com)



REING
EFFECTIVELY
WITH
LEGACY CODE

RH'IC'H"HN?
i o

Facty and Fallacon of
Sottunes Enginaaricg

-

>)HOGPDQ @ 6WXDUW , )HOGPDQ ODNH $ 3URJUDP IR
SURJUD®PRIWZDUH 3UDFWLFH DRG ([SRABLH

7KH RULJLQDO GHVFULSWLRQ RI ODNH /DVW WLPH , FKHFENHG 6WX )
VKRZV \RX MXVW KRZ IDU D JRRG WRRO FDQ WDNH \RX«

>)HDWKHUYV @ OLFKDHO & )H®BWNKHUV(IIHFWLYHO\ ZLWK /H
BUHQWLFH +DOO 375
ORVW SURJUDPPHUV VSHQG PRVW RI WKHLU WLPH IL[LQJ EXJV SRUW
VKRUW FKDQJLQJ H[LVWLQJ FRGH ,I| WKDW FRGH LV H[HUFLVHG E\ X
VDIHO\ LI LW LVQ W WKH\ FDQ W VR \RXU ILUVW MRE ZKHQ \RX LQK
ZKHUH WKLV ERRN FRPHV LQ :KDW WR NQRZ WKUHH GLIIHUHQW ZD\V
FKDQJLQJ WKH FRGH" 7KH\ UH KHUH :DQW WR NQRZ ZKLFK FODVVHYV
GLVFXVVLRQ RI SLQFK SRLQWY 1HHG WR EUHDN LQWHU FODVYV GHSEH
ZLWKRXW KDYLQJ WR FRQILIXUH WKH HQWLUH DSSOLFDWLRQ" 7KDW
RI LQOIRUPDWLRQ (YHU\WKLQJ LV LOOXVWUDWHG ZLWK VPDOO H[DPS
7KHUH DUH ORWV RI VLPSOH GLDJUDPV DQG D VKRUW JORVVDU\ DO

>)RZOHU @ ODUWLQ YRYZIOHFWRIEQRUVRQ :HVOH\ 3URIHVYV

/[LNH DUFKLWHFWYVY PRVW SURJUDPPHUV VSHQG PRVW RI WKHLU WLP
FRPSOHWHO\ QHZ RQ D EODQN VKHHW RI SDSHU 7KLV ERRN SUHVHQ
DQG DJDLQ ZKHQ SURJUDPV DUH EHLQJ UHRUJDQL]HG 6RPH RI WKHV
FRGH LQ D XWLOLW\ PHWKRG 2WKHUV VXFK DV UHSODFLQJ WHPSRU
ZLWK IDFWRU\ PHWKRGY DUH VXEWOHU EXW QR OHVV LPSRUWDQW
PHFKDQLFVY RI DFWXDOO\ FDUU\LQJ RXW WKH WUDQVIRUPDWLRQ DQ!

>YULHGO @ HITUH\ () DPDVMGHULQJ 5HIXOD R (38UEvVL

7KH GHILQLWLYH SURJUDPPHU V JXLGH WR UHJXODU H[SUHVVLRQV

S*DPPD HW DO @ (ULFK *DPPD G5LFKDUG +HOP 5DOSK -RKQV
90LVVLHBHV Q 3D WHMGHELORQ :HVOH\

7KH ERRN WKDW VWDUWHG WKH VRIWZDUH GHVLJQ SDWWHUQV PRYH

VXSHUVHGHG E\ PRUH UHFHQW ERRNV DQG WKH XVH RI & DQG 6PD

LV VWLOO D ODQGPDUN LQ SURJUDPPLQJ

>S*ODVV @ SREHUW / YIODWW DQG )DOODFLHV RI 6RIWZ
$GGLVRQ :HVOH\ 3URIHVVLRQDO
, UHDOO\ ZLVK VRPHRQH KDG JLYHQ PH VRPHWKLQJ OLNH WKLV ERR
QRWKLQJ HOVH LW ZRXOG KDYH EHHQ D EHWWHU ZD\ WR VWDUW WK
WKH *HYHU\ERG\ NQRZV’ IDFWRLGV WKDW , VRDNHG XS DW FRIIHH W
SURJUDPPHUV DUH XS WR 1 WLPHVY EHWWHU WKDQ EDG RQHV KLV YI
WLPHV KDUGHU WR EXLOG WKDQ QRQ UHXVDEOH RQHV DQG VR RQ :
VKRXOG EH )RU H[DPSOH PRVW RI XV NQRZ WKDW PDLQWHQDQFH FI
\RX NQRZ WKDW URXJKO\ RI WKDW LV HQKDQFHPHQWY UDWKHU W
FRPSRQHQW KDV WR EH PRGLILHG LW LV PRUH HIILFLHQW WR UH ZU
HYHU\ VWDWHPHQW KH PDNHV ZLWK FRSLRXV UHIHUHQFHV WR WKH ¢
MRX G EHWWHU EH VXUH \RX KDYH DV PXFK HYLGHQFH IRU \RXU SRLQ
>*RHUJHQ @ -RKQ *RHYURKX@GDWLRQV RI 3\WKRQ 1HWZRL
$3UHVV

7KLV ERRN ORRNV DW KRZ WR KDQGOH VHYHUDO FRPPRQ SURWRFRO
DOVR GRHVQ W GHOYH DV GHHSO\ LQWR WKHLU LQWHUQDOV EXW LC
DSSURDFK LV WR EXLOG VROXWLRQV WR FRPSOH[ SUREOHPV RQH VW
PRGLILFDWLRQ DORQJ WKH ZD\ +H RFFDVLRQDOO\ DVVXPHV PRUH E|
WKLV ERRN DUH OLNHO\ WR KDYH EXW RQO\ RFFDVLRQDOO\ DQG PLC
FOHDU H[SODQDWLRQV RI ZK\ WKLV SDUWLFXODU IXQFWLRQ KDV WR
RXJKW WR EH PXOWLWKUHDGHG
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>*RRG @ 1IDWKDQ $ 5RRX®DU ([SUHVVLRBUFHWWLSHYV

$ JUHDW KRZ WR IRU UHJXODU H[SUHVVLRQV ZLWK H[DPSOHV LQ PD

>*XQGHUOR\ @ OLNH *XQG&RGRU WR "HBMHEHRSHU

7KLV SUDFWLFDO UHDGDEOH ERRN LV VXEWLWOHG 37RROV DQG 6WU
HI[DFWO\ ZKDW LW V DERXW 3URMHFW SODQQLQJ VRXUFH FRGH FRQ
DUH DOO WKHUH ,PSRUWDQWO\ VR DUH QHZHU WRSLFV OLNH EXLO
WKLQJV \RX FDQ GR WR SURWHFW \RXU LQWHOOHFWXDO SURSHUW\

ZHOO FKRVHQ H[DPSOHV :KLOH WKH IRFXV LV GHILQLWHO\ RQ 1(7
WHFKQRORJLHY ERWK SURSULHWDU\ DQG RSHQ VRXUFH , P DOUHDC
WKLV ERRN DQG SODQ WR PDNH WKH FKDSWHU RQ 3:RUNLQJ ZLWK 6|

>+DUROG @ (OOLRWWH 5XVWFWLYR®GGELVRQ :HVOH\

7KLV ERRN H[SODLQV ZKLFK RI ;0/ V PDQ\ IHDWXUHV VKRXOG EH XVH
LQ DWWULEXWHY DQG WKHQ VSHQGV VL[ SDJHV H[SODLQLQJ zZK\ ZK
ZHDNQHVVHV RI YDULRXV VFKHPD ODQJXDJHV DQG ,WHP FRYHUV I
PRVW GHYHORSHUV ZLOO HYHU ZDQW WR NQRZ EXW ZKHQ \RX QHHG
>S*RFN @ 5RJHU 5 HRPW\ 6WXGLHV WKDW &KDQJHG
3UHQWLFH +DOO

,Q IRUW\ VKRUW FKDSWHUV +RFN GHVFULEHV WKH WXUQLQJ SRLQW:"
ERRN LVQ W MXVW DERXW SV\FKRORJ\ \RX OO DOVR OHDUQ D ORW T
VFLHQWLVWYV ZKR GR LW

>+XQW 7KRPDYV @ $QGUHZ +XQW DQG IT‘KLHG3'UPUQ]P.\WLF 3URJL
$GGLVRQ :HVOH\

7KLV ERRN LV DERXW WKRVH WKLQJV WKDW PDNH XS WKH GLIITHUHQF

ZULWLQJ VRIWZDUH WKDW UHOLDEO\ GRHV ZKDW LW V VXSSRVHG WHF

GHVLIQ WR WKH PHFKDQLFV RI FRGLQJ WHVWLQJ DQG GHOLYHULQ

HIDPSOH FRYHUV 37KH (YLOV RI 'XSOLFDWLRQ " 32UWKRJRQDOLW\’

3RVW W 1RWHV" DQG *RPDLQ /DQJXDJHV" DQG LOOXPLQDWHYV HDFI

>S"RKQVRQ @ “HIlT -RKQMBR@®ORRIMRWMDQ .DXIPDQQ

ORVW ERRNV RQ *8, GHVLJQ DUH ORQJ RQ ZHOO PHDQLQJ DHVWKHWL
PHDQV WR SXW WKRVH SULQFLSOHV LQWR SUDFWLFH ,Q FRQWUDVW
ZKDW V ZURQJ ZLWK WKLV GLDORJ" :KDW VKRXOG LWV FUHDWRUV KL
7KH QHW HIIHFW LV WR WHDFK DOO RI WKH VDPH SULQFLSOHV WKDW
XQGHUVWDQGDEOH ZD\ L ____.

> HUQLJKDQ 3LNH @ %ULDQ : .HUQLJKDQ DRIE SRIE[ LRI UDPPLC

(QYLURQRBWOWWLFH +DOO

. KDYH ORQJ EHOLHYHG WKDW WKLV ERRN LV WKH UHDO VHEUHW WR
XVH 8QL[ LWZKMSRBLRBHUDWLQJ VIVWHP LV EXLOW WKDW ZD\ DQG
NHHSV VLPSOH WDVNV VLPSOH ZKLOH PDNLQJ KDUG RQHV GRDEOH

>’ HUQLJKDQ S5LWFKLH W@WULDQ : .HUQLJKDQ DQG KHQ& BV 5L WIFKRLK
/IDQIJXDBWHQWLFH +DOO 375

7KH FODVVLF GHVFULSWLRQ Rl WKH RQH SURJUDPPLQJ ODQJXDJH H)

KDV WR OHDUQ

> QOXWK @ 'RQDOG ( .QXHWEUW R 3UR BGIANRY :HVOH

7KH OLIHZRUN RI WKH PDQ ZKR LQYHQWHG PDQ\ RI WKH EDVLF FRQF
WRPHY DUH OLNH (YHUHVW DZH LQVSLULQJ EXW QRWARGIJWEKHFE# DI
PXFK PRUH DSSURDFKDEOH
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>/DQJWDQJHQ @ +DQV 3 /DQJWDMKRQ 6FULSWLQJ IRU &RPS
6FLHQBBULQJHU 9HUODJ

7KH ERRN V DLP LV WR VKRZ VFLHQWLVWY DQG HQJLQHHUV ZLWK OL
FDQ PDNH WKHLU OLYHV EHWWHU 5HJXODU H[SUHVVLRQV QXPHULF
SURJUDPPLQJ LQWHUIDFLQJ WR & & DQG )RUWUDQ LW V DOO KHL
SURJUDPV B6RPH UHDGHUV PD\ EH LQWLPLGDWHG E\ WKH ERRN V ZHlI
UHDOO\ PDGH PH EOLQN ZDV WKDW , GLGQ W ILQG D VLQJOH W\SR R
UHVRXUFH IRU DQ\RQH GRLQJ VFLHQWLILF SURJUDPPLQJ

>/XW] $VFKHU @ ODUN /XW] DQG 'DYHO WBYE®HBR2WHKIRQ O\

7KLV LV QRW RQO\ WKH EHVW LQWURGXFWLRQ WR 3\WKRQ RQ WKH P
SURJUDPPLQJ ODQJXDJH WKDW , KDYH HYHU UHDG /XW] DQG $VFKHL
HQRXJK RI LWV DGYDQFHG IHDWXUHY DQG OLEUDULHY WR JLYH UHD(
NHHSLQJ ZLWK WKH VSLULW RI WKH ODQJXDJH LWVHOI WKHLU ZULW
HIDPSOHV ZHOO FKRVHQ
>0DUJROLYV JLVKHU @ -DQH ODUJROLVY DQEBQ@ORPQLIAN WHKWH &,@ X E K
3UHVV
7KLY ERRN GHVFULEHVY D SURMHFW DW &DUQHJIJLH OHOORQ 8QLYHUVL
EHFRPH SURJUDPPHUYV DQG ZKDW FDQ EH GRQH WR FRUUHFW WKH L
PDQ\ VPDOO zZD\V LQ ZKLFK ZH DUH DOO PDOH DQG IHPDOH DUH FR(
WKLQJV 6RPHWLPHY LW V DV VLPSOH DV SXWWLQJ WKH FRPSXWHU
XVHV LW PRVW /I DWHU RQ WKH ZKR QHHGV D VRFLDO OLIH" DWPR)
PDQ\ ZRPHQ DzD\ DQG PDQ\ PHQ WRR 7KH ODVW WZR FKDSWHUYV G
UHPHG\ WKH VLWXDWLRQ DW KLJK VFKRROV DQG XQLYHUVLW\ 7KLV
WKLQJV WKDW WXUQ ZRPHQ RII FRPSXWLQJ DQG E\ YLHZLQJ FRPSXYV
DWWUDFW D EURDGHU FURVV VHFWLRQ RI VRFLHW\ ZKLFK FDQ RQO\
UHVXOWY DUH LPSUHVVLYH IHPDOH XQGHUJUDGXDWH HQUROPHQW I
WKHLU ZRUN_ ZKLOH WKH SURSRUWLRQ RI ZRPHQ GURSSLQJ RXW GH
>S0DUWHOOL @ $OH[ ODUWHOOL $QQD 5DYHQVRUWKRQDQG
&RRNERRHNHLOO\

$ XVHIXO UHIHUHQFH IRU HYHU\ VHULRXYV 3\WKRQ SURJUDPPHU WKL
YHU\ VLPSOH RWKHUV VR FRPSOH[ WKDW WKH\ UHTXLUH FDUHIXO Ol
VLWH LV XSGDWHG UHJXODUO\

>0DVRQ @ OLNH ODSHDRJIJPDWLF 9HUVLRQ &RQWURO 8V
SUDJPDWLF %RRNVKHOI

<HW DQRWKHU ERRN IURP WKH IRONV DW 3UDJPDWLF WKLV RQH LV |

6XEYHUVLRQ ZKLFK LV RQ LWV ZD\ WR EHFRPLQJ WKH YHUVLRQ FRQ

GHYHORSPHQW

S0F&RQQHOO @ BWHYH OF&RBGHRPSOIHFWRVRIW 3UHVV

7KLV FODVVLF LV D KDQGERRN RI GR V DQG GRQ WV IRU ZRUNLQJ SU
DYRLG FRPPRQ PLVWDNHY LQ & WR KRZ WR VHW XS D WHVWLQJ IUDP
DQG KRZ WR FRRUGLQDWH WKH PHPEHUV RI D WHDP ,Q VKRUW LW 1
EHIRUWWDUWHG P\ ILUVW IXOO WLPH SURJUDPPLQJ MRE

>0F&RQQHOO @ 6WHYH OF&BRROYH® OHYHOREFHRWRIW 3UHVYV

7KLV ERRN GHVFULEHV ZKDW LW WDNHV WR GHYHORS UREXVW FRGH

QDPH RI UDSLG GHYHORSPHQW DQG KRZ WR LGHQWLI\ DQG DQDO\]H

SUDFWLFHYVY DQG GLVFEFXVVHV WKLQJV WKDW PRVW RWKHU ERRNV OH

ZLWK LPSRVVLEOH GHPDQGV 8QOLNH PRVW 3KRZ WR GR LW EHWWH|

RU VW\OH_ZKLFK DGGV HYHQ PRUH ZHLJKW WR OF&RQQHOO V FDUHI:

>0F&RQQHOO @ 6WHYH OF&BRQWHADAJH 3URMHFW 6XBEYRY R DN
3UHVV

$ FRQGHQVHG PDQDJHU OHYHO YHWIOR@ RHWKHREPPABWXWKRU V
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>3L0JULP @ ODUN 3LOUYHPQWR 3% BUKHRWQY
$ JRRG LQWURGXFWLRQ WR 3\WKRQ ZKLFK LW $RVEKRDLODEOH RQ

>3RZD]HN @ '"HUHN 0 3RZBIMNQ IRU &RPPHKDEWGHUYV

7KLV ERRN LVQ W DERXW ZHE ORJJLQJ VWUHDPLQJ YLGHR RU PDQD
VWUXFWXUH ZHE VLWHYVY VR WKDW WKH\ ZLOO IRVWHU RQ OLQH FRPP
RU RYHUEHDULQJ DQG WKH DXWKRU GUDZV XSRQ D ZHDOWK RI SHU\
GRQ W ZDQW WR PDNH LW HDV\ IRU SHRSOH WR SRVW FRPPHQWYV RL
ORW RI QR QRQVHQVH DQDO\WVLYV RI WKH FRVW RI LQWHUDFWLYLW\ L
PRVW VXFFHVVIXO FRPPXQLW\ VLWHV

>5D\ 5D\ @ '"HERUDK 6 5D\ DQG 8QULESHDHKSLW 3UHVYV

$ JHOQWOH LOQWURGXFWLRQ WR 8QL[ ZLWK PDQ\ H[DPSOHV

S5RVHQEHUJ B6WHSKHQV 'RX@ 5RVHQEHUJ DQG 0BWHWE&DVHSKHYHMQ 21
ORGHOLQJ ZLYKXGEW/RQ :HVOH\

$Q XSGDWH RI 5RVHQEHUJ V ERRN RI WKH VDPH QDPH LQ MXVW |

VOLPPHG GRZQ FRUH RI 80/ RUJDQL]HG DURXQG D IRXU VWDJH GHVL.

VWHSVY DQG FRQFUHWH PLOHVWRQHV ZKLFK VSHFLI\ ZKDW RXJKW W

ILQLVKHG

>S6FDQODQ @ '‘DYLG $ 6FDQODQ 6WUXFWXUHG J)ORZFKD
3VHXGRFRGH $Q ([SHULPHQWD 6 RS RZBSMORID. \

QR SS
'"HVFULEHV DQ H[SHULPHQWDO FRPSDULVRQ Rl SVHXGRFRGH ZLWK H’
IORZFKDUWYV GLG PXFK EHWWHU WKDQ LQ HDUOLHU VWXGLHV

>6FKQHLHU @ %UXFH 6 FREHRQEG )BDWLQIHU

$ WKRXJKW SURYRNLQJ ORRN DW KRZ ZH DUH HQFRXUDJHG WR WKLQ
DFWXDOO\ GHVLUDEOH )RU H[DPSOH KH H[SODLQV ZK\ VHFXULW\ V\
ZK\ VHFUHF\ RIWHQ XQGHUPLQHV VHFXULW\ LQVWHDG RI HQKDQFLQJ

>6FKQHLHU @ %UXFH 6FIKGQIFUMWY D QIGOH\HV
+DYLQJ ZULWWHQ WKH VWDQGDUG ERRN RQ FU\SWRJUDSK\ 6FKQHLF
PRVW UHDO VHFXULW\ SUREOHPV 7KH ERRN FRYHUV VA\VWHPYV DQG V
LOQOWHUFHSW GDWD DQG VWUDWHJILHY IRU SURSHU LPSOHPHQWDWLR
SUHYHQWLRQ 6FKQHLHU DGYRFDWHY VZLIW GHWHFWLRQ DQG UHVSH
RWKHU JDWHZD\V WR NHHS RXW WKH DPDWHXUV_
>6HGJHZLFN @ S5REHUW 6HGIAHIRFINWKPY LQ SGCGTHLVWREY :HVC
3URIHVVLRQDO
)DU WRR PDQ\ SURJUDPPHUV VWLOO WKLQN DQG FRGH DV LI UHVL]HIE
ZHUH WKH RQO\ GDWD VWUXFWXUHY HYHU LQYHQWHG 7KHVH ERRNYV
ZRUNLQJ SURJUDPPHUYV RXJKW WR KDYH DW WKHLU ILQJHUWLSYV IUR
NLQGY RI WUHHY DQG JUDSKY 7KH DQDO\VLYV LVQ WKHVSGMNMHRIDV WK
SURJUDPPEXW WKDW PDNHVY WKH ERRN IDU PRUH DFFHVVLEOH $QG Z
ROG IDVKLRQHG LQ DQ DJH RI -DYD DQG & LW GRHV HQVXUH WKDW
RSHUDWRU RU YLUWXDO PHWKRG FDOO
>6NRXGLV @ (G 6NRX@GDLOZDBHHQWLFH +DOO
7KLV SDJH WRPH LV D VXUYH\ RI KDUPIXO VRIWZDUH IURP YLUXVI
NLWV DQG HYHQ PDOLFLRXV PLFURFRGH (DFK WKUHDW LV GHVFULE
SOHQW\ RI HIDPSOHV WR VKRZ HIDFWO\ KRZ WKH DWWDFN ZRUNV DC(
LV VWUDLJKWIRUZDUG DQG WKH FDVH VWXGLHYV LQ &KDSWHU DUH
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>6SLQHOOLYV @ 'LRPLGLV 6URGHOBOHUGGGLVRQ :HVOH\

7KH ERRN V SUHIDFH VD\V LW EHVW 37KH UHDGLQJ RI FRGH LV OLNH
FRPSXWLQJ SURIHVVLRQDO \HW LW LV VHOGRP WDXJKW DV D VXEMF
WR GHVLJQ DQG SURJUDP ~ 6SLQHOOLV LVQ W WKH ILUVW SHUVRQ W
WR GR VRPHWKLQJ DERXW LW ,Q WKLV ERRN KH ZDONV WKURXJK K>
GUDZQ IURP GR]JHQV RI 2SHQ 6RXUFH SURMHFWY VXFK DV $SDFKH 11
LOOXVWUDWHY D SRLQW DERXW KRZ SURJUDPV DUH DFWXDOO\ EXLO
LQ &" +RZ GR SHRSOH DYRLG QRQUHHQWUDQW FRGH LQ VLJQDO KDQ
+RZ FDQ \RX UHFRJQL]H WKDW D GDWD VWUXFWXUH LV D JUDSK" $ K|
FRQGLWLRQ" $QG RQ DQG RQ UHDO ZRUOG LVVXH DIWHU UHDO ZRU
7KHUH V DOVR D VHFWLRQ RQ DGGLWLRQDO GRFXPHQWDWLRQ VRXU|
VHQVH RI ZKDWHYHU \RX YH MXVW LQKHULWHG
SBWHHOH @ *X\'/ 6WHHOH -U *URZLOR XM QD®I RD JH
+LJKHU 2UGHU DQG 6\PERO/RFO&R P )RV D W3 S

7KH EHVW DQG ZLWWLHVW GLVFXVVLRQ HYHU SXEOLVKHG RI KRZ S

>S6SROVN\ @ -RHO 6SRRMN\RQ 6RHEDBVM

-RHO RQ 6FIRZ®WFWY VRPH Rl WKH ZLWW\ LQVLJKWIXO DUWLFOHV 6
+LV REVHUYDWLRQV RQ KLULQJ SURJUDPPHUV PHDVXULQJ KRZ ZHO(
ZDUV DQG RWKHU WRSLFV DUH DOZD\V HQWHUWDLQLQJ DQG LQIRUP
KH UDQJHV IURP WKH VSHFLILF WR WKH JHQHUDO DQG EDFN DJDLQ
FRPPRGLWL]DWLRQ Rl WKH RSHUDWLQJ VIVWHP ZK\ \RX QHHG WR KL
QRW LQYHQWHG KHUH VIQGURPH LVQ W QHFHVVDULO\ D EDG WKLQJ
>S7TKRPSVRQ &KDVH @ +HUEHUW + 7KRPSVRQ DQGBKG6FRBRIW ZDEKD \

9XOQHUDELO&WDURHVH5LYHU OHGLD

0\ FXUUHQW IDYRULWH JXLGH WR FRPSXWHU VHFXULW)\ IRU SURJUDP
RI VHFXULW\ KROHV LQ WXUQ IDXOW\ SHUPLVVLRQ PRGHOV EDG SD
EXIIHU RYHUIORZ IRUPDW VWULQJV DQG YDULRXV LQMHFWLRQ DWW

>800PDQ /L\DQDJH @ /DUU\ 800OPDQ DQG 0& BR RUWDMMAHPF KS LW
UHVYV
$ JHQWOH LOQWURGXFWLRQ WR & ZLWK PDQ\ H[DPSOHYV

>:LOOLDPV .HVVOHU @DXULH :LOOLDPV DQG3BPRBHWRHVDERUQJ
,OOXPLQIBGHERQ :HVOH\

$ FRPELQDWLRQ RI DQ LQVWUXFWLRQ PDQXDO D VXPPDU\ RI WKH D>

HITHFWLYHQHVV DQG DGYRFDF\ WKLV ERRN LV WKH UHIHUHQFH JXL

SURJUDPPLQJ LQWR WKHLU GHYHORSPHQW WHDP

>:LOVRQ @ *UHJ :LO\DRMD &UXQBKDQPDWLF %RRNVKHOI

(YHU\ GD\ DOO DURXQG WKH ZRUOG SURJUDPPHUV KDYH WR UHF\FC
SURSULHWDU\ IRUPDW LQWR DQRWKHU V FKHFN WKDW FRQILJXUDWI
ZHE ORJV WR VHH KRZ PDQ\ SHRSOH KDYH GRZQORDGHG WKH ODWHYV
JODPRURXV EXW NQRZLQJ KRZ WR GR LW HIILFLHQWO\ LV HVVHQWLI
GHVFULEHV WKH PRVW XVHIXO GDWD FUXQFKLQJ WHFKQLTXHV H[SO
WKH\ ZLOO PDNH \RXU OLIH HDVLHU

Glossary

'UDIW 9HUVLRQ
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absolute path :
<XDQ *DQ

abstract data types :
access control :
access control lists :
acquire a lock :
action :

actors :

aggregate :

alias :

anchor (in reqular expression) :
annotated syntax tree :

assertion :

asymmetric cipher :

atomic :
$EKLVKHN 5DQMDQ

attribute (in XML) :

authentication_:

authorization :

automatic variables (in Make) :

basic authentication :
binary data :
binary milestone :

binary mode :

blacklist :
-HUHP\ +XVVHOO

boilerplate :
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boundary object :

branch :

breakpoint :
$EKLVKHN 5DQMDQ

breakpoint, conditional :
bug tracker :

Bugzilla :

call stack :
callback :
camel case :

chain:

child class :
chunk :
cipher :

ciphertext :

class :

class diagram :
6LPRQD 0LQG\

client :

code browser _:

code inspection :

code review :

cognitive dissonance :

collision _:

comment spam :

commit :

Common Gateway Interface :

component object model :
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component testing :

concurrency :

connection :
constructor :
control object :
cookie :

Coordinated Universal Time _:

core dump :
1LOHVK %DQVDO

cross product :
$PLW &KDQGHO

cross-site scripting :

CS

<

cursor .

dashboard :

data member :

data modeling :
/HL -LDQJ

database column :

database key :
$PLW &KDQGHO

database row :

database table :
$PLW &KDQGHO

daylight savings time :

dead code :

deadlock :
<XDQ *DQ

debuggee :
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decryption :

default target :

defense in depth :
defensive programming_:

derive :

design pattern :
/HL -LDQJ

development process :
<XDQ *DQ

dictionary :
dictionary key :
directed graph :
directory tree :
docstrings :

document :

Document Object Model :

domain model :
/HL -LDQJ

domain model diagram :

element (in XML) :

embed :

encryption :

entity object :

environment variable :
I1ILOWRQ %LOD

epoch :
I1ILOWRQ %LOD
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escape sequence :
event-driven programming _:
exception :

executable documentation _:

exponent :

extend :

Extreme Programming :
7LQIJWLQJ =RX

filename extension :
filter :

finite state machine _:

fixture :

B

foreign key :

garbage collect :
1LOHVK %DQVDO

getter :
group :

greedy matching :

heap:
$EKLVKHN 5DQMDQ

heisenbug :

hexadecimal :
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hijack :

host address :

HTTP header :
1LOHVK %DQVDO

ICONIX process :

idiom :

immutable :

in-place operator_:

inheritance :

instance :

instruction pointer :

instrument :

Integrated Development Environment :
integration testing :

integrity constraint :

internet protocol :
1LOHVK %DQVDO

invert :

issue tracker :

join_:
$PLW &KDQGHO

leap second :

leap vear :

Created by Prince (www.princexml.com)



Liskov Substitution Principle  :

little-endian_:
local time _:

lock :

macro :

mailing list :

Make:

mantissa :

match object :
memory model :

merge :

method :
ILOWRQ %LOD

milestone :

module :

multi-valued assignment :
multiplicity :
Multipurpose Internet Mail Extensions :

mutable :

object :
/HL -LDQJ

object-oriented analysis and design (OOAD) :
7LQIJWLQJ =RX
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operating system :
1LNRVY 6DUNDV

operator overloading :
I1ILOWRQ %LOD

optimistic concurrency :
7LQIJWLQJ =RX

outcome, actual :

outcome, expected :

override :

pack:

pair programming_:
parent class :
parent directory :
pass:

path:

pattern rule :

pessimistic concurrency  :
7LQIJWLQJ =RX

phony target :

pipe :
$EKLVKHN 5DQMDQ

plaintext :

polymorphism :

port :

post mortem :

post mortem debugging _:
post-condition :
pre-condition :
prerequisite :

pretty-printer :
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private key :

process :

profiling :

program slice :

project velocity :

protocol :

public key :

public key cryptography :

publish-subscribe :

race condition :

raise exception :

record :
$PLW &KDQGHO

refactor :

reference count :
reflection :

register :
regression :
regression testing :

regular expression :
$EKLVKHN 5DQMDQ

relational database :
<XDQ *DQ

relative path :
<XDQ *DQ

release a lock :
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release log :
$ ILOH RIWHQ D VSUHDGVKHHW WKDW UHFRUGYV H[DFWO\ ZKDW ZDV VKLSSHC

reluctant matching :
remote procedure call :
replay attack :
repository :

repository browser :
risk assessment :
roadmap :

robustness diagram :

,
=
D

root directory :
ILOWRQ %LOD

scaffolding :
screen scraping :
search path :
seek:

sequence ;

sequence diagram :

server
I1LOHVK %DQVDO

setter :

shared library :

shell :

short-circuit evaluation __:

Simple API for XML :
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single-step :
slice :

social engineering_:

socket :

SourceForge :
1LNRY 6DUNDV

sparse

spawn :

special method :
spiral model :
SOL:

SOL injection :
stack frame :
stack pointer :
standard error :
standard input :
standard output :

state assertion_:

static space :
status code :
step into :

step over :

submodule :
Subversion :
suspended process :
SWIG:

symbolic debugger :
symmetric cipher :

system testing :
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tag (in XML) :
target :
target program :

template :

test:

test result :

test suite :

test-driven development (TDD) :

testing, bottom-up :

text:
three-tier architecture _:

ticket :

ticket, closed :
ticket, open :
time structure :
time zone :
timeline :

traceability :

transaction :
1LNRY 6DUNDV

Transmission Control Protocol (TCP)
1LNRY 6DUNDV

triage :
tuple :

two's complement :

Unicode :
1LNRVY 6DUNDV VHH DOVR
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Unified Modeling Language (UML) :
/HL -LDQJ

unit testing :

unpack :

URL encode :

use case .
7LQIJWLQJ =RX

use case diagram :
6LPRQD OLQG\

user stories :
6LPRQD 0OLQG\

N

validate :

verifiable deliverable :

version control system :

version number_:

/DUJH SURMHFWYVY WASLFDOO\ XVH PXOWL SDUW YHUVLRQ QXPEHUV WR LGHQW
PHDQV PDMRU YHUVLRQ PLQRU YHUVLRQ SDWEFK EXLOG 7KH PDMRU
VLIQLILFDQW FKDQJHVY DUH PDGH ZKHUH 3VLJQLILFDQW ™ PHDQV 3FKDQJHV Wt
LPSRVVLEOH IRU ROGHU YHUVLRQV WR UHDG" OLQRU YHUVLRQ QXPEHUV DUH
IHZ QHZ IHDWXUHYV FKDQJHG SDUW RI WKH *8, HWF \RX LQFUHPHQW WKH Pl
SDWFKHVY DUH WKLQJV WKDW GRQ W KDYH WKHLU RZQ LQVWDOOHUV ,I IRUH
\RX ZLOO RIWHQ MXVW PDLO WKDW RXW WR FXVWRPHUV DORQJ ZLWK LQVWU
LQVWDOOHU <RX VKRXOG VWLOO JLYH LW D QXPEHU WKRXJK DQG PDNH DQ
LQFUHPHQWHG HYHU\ WLPH \RX FUHDWH D QHZ YHUVLRQ RI WKH SURGXFW IR
GRQ W JR IURP WR EXW IURP WR DQG VR RQ %X
DERXW WKH\ UH RIWHQ RQO\ PDWFKHG XS ZLWK YHUVLRQ QXPEHUV DIWHU W

ORRNV JRRG "~ VR \RX VD\ 3300 ULJKW WKLV OO EH " DQG YRLOD \RX KD
SUH UHOHDVHYVY DV SEHWD °~ B(:EHWD °~ DQG VR RQ DV LQ EHWD $JDLQ

DIWHU WKH IDFW2\RX ZDLW XQWLO 4% RU ZKRHYHU VD\V WKDW EXLOG
YHUVLRQ FRQWURO

virtual machine_:

visitor :

L

watchpoint :

waterfall model :
6LPRQD OLQG\

web services :
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web spider :
6LPRQD 0LQG\

weblog :
-HUHP\ +XVVHOO

whitelist :
-HUHP\ +XVVHOO

Wiki :
-HUHP\ +XVVHOO

wildcard :
-HUHP\ +XVVHOO

working copy :

Online Resources

'UDIW 9HUVLRQ

Andrew Kuchling's Python Reqular Expression HOWTO :
$ VKRUW WXWRULDO RQ WKH EDVLFV RWKHSY R DWDRFPSHAHW VIORBYHIEL.PHG DW

Apache Web Server :
7KH PDLQ VLWH IRU WKH PRVW ZLGHO\ XVHG ZHE VHUYHU LQ WKH ZRUOG 9L

ArgoUML :
7KH PRVW DGYDQFHG RSHQ VRXUFH 80/ WRRO DYDLODEOH 9LHZHG

Bitten :
$ WRRO IRU UXQQLQJ EXLOGY FRQWLQXRXVO\ LQ WKH EDFNJURXQG DFURVV P

CruiseControl :
$ IUDPHZRUN IRU PDQDJLQJ FRQWLQXRXV EXLOGY (DFK WLPH \RX XSGDWH VF
&UXLVH&RQWURO UHFRPSLOHV \RXU FRGH UH UXQV \RXU WHVWVY DQG OHWYV
DQ\WKLQJ 9LHZHG

Cyawin :
$ /LQX[] OLNH HQYLURQPHQW IRU :LQGRZV ZKLFK EULQJV ZLWK LW D ORW RI |

Created by Prince (www.princexml.com)


http://httpd.apache.org
http://argouml.tigris.org
http://bitten.cmlenz.net
http://cruisecontrol.sourceforge.net
http://www.cygwin.com

Daily Python URL :
'DLO\ PRUH RU OHV3\WXHZAR @ODXERXW QHZ UHOHDVHV RI WKH LQWHUSUHWHU Pl

Dive Into Python :
7KH FRPSOHWH OVMHIIWAR D¥DLODEOH RQ OLQH 9LHZHG

Doctor Dobb's Journal Python-URL  :
%L ZHHNO\ QHZV IURP\WKRIQZRHWIHGR |

Dept. of Computer Science, University of Toronto :
7KH SULQFLSDO DXWKRU V KRPH GHSDUWPHQW ZKLFK KHOSHG PDNH WKLV FI

Eclipse :
2ULJLQDOO\ GHYHORSHG E\ , %0 IRU -DYD GHYHORSPHQW (FOLSVH LV WKH EL

WKHVH GD\V 7KHUH DUH OLWHUDOO\ KXQGUHGYV RI SOXJLQV IRU LW DQG KX
DQG LW GHILQLWHO\ ZRQ W EH KDSS\ RQ D IRXU \HDU ROG KDQG PH GRZQ PD
SURJUDPPLQJ 9LHZHG

Emacs:
W GRHVQ W DFWXDOO\ VWDQG IRU 3HLJKWHHQ PHIJDE\WHY DQG FRQVWDQWO\
VI\VWHP EXW WKHUH V D JUDLQ RI WUXWK LQ HDFK FODLP 0ODQ\ SURJUDPPHU
VZHDWW LQVWHDG EXW WKHUH V QR GHQ\LQJ WKDW LW V D YHU\ SRZHUIXO V

Eirefox :
7KH EHVW ZHE EURZVHU DURXQG ZKHUH 3EHVW  PHDQV 3QLFHVW LQWHUIDFH

GIMP:

7KH *18 ,PDJH ODQLSXODWLRQ 3URJUDP LV D SRZHUIXO WRRO IRU FUHDWLQJ
IRUPDWY 9LHZHG

Internet Groupware for Scientific Collaboration :
:KLOH LW LV QRZ VHYHUDO \HDUV ROG 8GHOO V HIDPLQDWLRQ RI ZKDW WKH

FROODERUDWH PRUH HIITHFWLYHO\ LV VWLOO DV WKRXJKW SURYRNLQJ DV LW

Komodo :
$ FRPPHUFLDO ,'( WKDW VXSSRUWY 3HUO 3 WKREGQHZEG ;6/7 DV ZHOO DV

MySQOL:
7KH PRVW SRSXODU RSHQ VRXUFH GDWDEDVH DURXQZR WKIRXBEIAMHEHGLVFHU

Numeric :
7KH VWDQGDUG QXPHULFDO SBRWHBRREWK] IRRGXOXSIRRIUW IRU PXOWL GLPHQV

PEP-008: Python Style Guide :
$ VHPL RIILFLBOWKE®IEIVWR FRQYHQWLRQV 9LHZHG

PostareSOL :
7KH PDLQ VLWH IRU DQ DGYDQFHG RSHQ VRXUFH UHODWLRQDO GDWDEDVH ,\

EXW PRVW SHRSOH ZKR KDYH XVHG ERWK KDYH IRXQG 3RVWJUH64/ HDVLHU W

PyChecker :
$ FRGH FKHFNLRWWRMKDW BRP SOHRHOMMHZHG
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http://www.pythonware.com/daily
http://diveintopython.org
http://www.ddj.com/topic/pythonurl
http://www.cs.utoronto.ca
http://www.eclipse.org
http://www.gnu.org/software/emacs/emacs.html
http://www.mozilla.org/products/firefox
http://www.gimp.org
http://udell.roninhouse.com/GroupwareReport.html
http://www.activestate.com/Products/Komodo/
http://www.mysql.com
http://numeric.scipy.org
http://www.python.org/peps/pep-0008.html
http://www.postgresql.org
http://pychecker.sourceforge.net

PyDev:
B3\'HY LV D SOkDLULGBVBW RSHQ VRXUFH ,'( EDFENHG E\ ,%0 WKDW ZDV RULJLQDO!

KDV SOXJLQV WR VXSSRUW VHYHBOOSRWKHY QPG XD HKNRWLRIHPHPRU\ WR UXC

PyLint :
$ FRGH FKHFNLR)AWWRBKDW  BRPSODEBRHBEDNWALHZHG

Python :
7KH PDLQ VLWH IRU DOO WKLQJV 3\WKRQ 9LHZHG

Python Imagqing Library :
$ ZLGHO\ XVHG LPDJH SURFHWK/R @D SDEQMWH BRI IRRUNLQJ ZLWK HYHU\ SRSXODU .

9LHZHG

Python Cookbook :
$Q HYHU JURZLQJ FRKRMEBNL M@ RBRIWULFNV 9LHZHG

Python Software Foundation :
$ QRQ SURILW RUJDQL]DWLRQ GHYRWHG WR DG Y DRR.KQRQRBE @V K R XPDAH WIHFKQ

Rl WKLV FRXUVH 9LHZHG

RapidSVN':
$ FURVV SODWIRXPYHBUVRRQHZHG

SciPy:
$ VHW RI HHWHQVLRQV WR WKH 1XPHULF PRGXOH IRU VFLHQWLILF SURJUDPPL

SCons:
$ SRZHBIWRREDVHG EXLOG PDQDJHPHQW WRRO 9LHZHG

SmartSVN :
$ FURVV SODWIBXPYHBUVRRQHZHG

SPE:
3 6WDQL V 3\WKRQ (GLWRU” KDV JURZQ WR EH PRUH WKDQ MXVW DQ HGLWRU
H[SUHVVLRQ GHEXJJHU 9LHZHG

SQlite:
$ VPDOO VLPSOH DQG YHU\ IDVW UHODWLRQDO GDWDEDVH WKDW FDQ EH UX

Subversion :
7KH PDLQ VLWH IRU 6 XEYHUVLRQ LV DLPHG PRUH DW 6XEYHUVLRQ V GHYHOR
HYDVRQ @ LV D JRRG SODFH WR VWDUW 9LHZHG

The Absolute Minimum Every Software Developer Absolutely, Positively Must Know About Unicode and Character

Sets (No Excuses!) :
-RHO 6SROVN\ V PLQXWH JXLGH WR FKDUDFWHU VHW HQFRGLQJY DQG ZKD\

ZRUOG GRHVQ W XVH WKH VWDQGDUG $PHULFD®SROSMDBAHWIIZKZIMNOUWLFOH L

Top 10 Accessible Web Authoring Practices :
7HQ VLPSOH HDV\ WR IROORZ UXOHV WKDW ZLOO PDNH \RXU ZHE VLWH PRUH

TortoiseSVN :
$ FURVV SODWIBRBXPYHUVRBQHZHG

Created by Prince (www.princexml.com)


http://pydev.sourceforge.net
http://www.logilab.org/projects/pylint
http://www.python.org
http://www.pythonware.com/products/pil
http://aspn.activestate.com/ASPN/Python/Cookbook
http://www.python.org/psf
http://rapidsvn.tigris.org
http://www.scipy.org
http://www.scons.org
http://www.smartcvs.com/smartsvn/
http://pythonide.stani.be
http://www.sqlite.org
http://subversion.tigris.org
http://www.joelonsoftware.com/articles/Unicode.html
http://www.joelonsoftware.com/articles/Unicode.html
http://websavvy-access.org/resources/top_ten.php
http://tortoisesvn.tigris.org/

University of Toronto :
&DQDGD V ELJIJHVW XQLYHUVLW\ DQG WKH KRVW LQVWLWXWLRQ IRU PXFK RI

Vim:
39L ,PSURYHG” LV D PRGHUQ YHUVLRQ RI WKH FODVVLF 8QL[ WH[W HGLWRU D
9LHZHG
WingIDE :
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Syllabus

'UDIW 9HUVLRQ

Software Carpentry

F FRXUVH RXWOLQH
F DFNQRZOHGJPHQWYV

Introduction

PRWLYDWLRQ IRU FRXUVH
QHHG WR LPSURYH TXDOLW\ DV ZHOO DV HIILFLHQF\
NH\ LGHD

WDUJHW DXGLHQFH

VHOI WHVW

FRXUVH SKLORVRSK\

WRSLFV

ZKDW \RX ZLOO QHHG

UHFRPPHQGHG UHDGLQJ

W\SRJUDSKLF FRQYHQWLRQYV

+H +H+ + + H+ H+ H+ H H H

Version Control

PRWLYDWLRQ IRU WKLV OHFWXUH
YHUVLRQ FRQWURO V\VWHPV

&96 DQG 6XEYHUVLRQ

EDVLF RSHUDWLRQV

FRPPDQG OLQH DQG *8, FOLHQWYV
PHUJLQJ FRQIOLFWYV

YHUVLRQLQJ

ELQDU\ ILOHV

UROOEDFN

JHWWLQJ VWDUWHG

6XEYHUVLRQ FRPPDQG UHIHUHQFH
UHDGLQJ 6XEYHUVLRQ RXWSXW
EUDQFKLQJ DQG PHUJLQJ

H + + + H+ H+ H+ H+ H+ H H+ H

Shell Basics

¥ PRWLYDWLRQ IRU WKLV OHFWXUH
$+ GLIIHUHQFH EHWZHHQ VKHOO DQG RSHUDWLQJ V\VWHP
¥ WKH ILOH VA\VWHP
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t

EDVLF FRPPDQGYV

t FUHDWLQJ ILOHY DQG GLUHFWRULHYV
I ZLOGFDUGYV

More Shell

T LQSXW RXWSXW DQG UHGLUHFWLRQ
I SLSHV

t HQYLURQPHQW YDULDEOHYV

I WKH 3%$7+ YDULDEOH

I EDVLF WRROV

t 8QL[ RZQHUVKLS DQG SHUPLVVLRQ

I :LQGRZV RZQHUVKLS DQG SHUPLVVLRAQ
$1 VRPH PRUH DGYDQFHG WRROV

Basic Scripting

+H + H+ + H+ H+ H+ H H H

LQWURGXFLQJ 3\WKRQ
LQWHUDFWLYH XVH

EDWFK XVH

YDULDEOHV

SULQWLQJ DQG TXRWLQJ
QXPEHUYV

%RROHDQV

FRPSDULVRQV

FRQGLWLRQDOV

ZKLOH EUHDN DQG FRQWLQXH

Strings, Lists, and Files

+H + + + H+ H+ H+ H H H

VWULQJV
LQGH[LQJ

VWULQJ PHWKRGYV

OLVWV

OLVW PHWKRGYV

IRU DQG UDQJH
WHVWLQJ IRU PHPEHUVKLS
DOLDVLQJ

WXSOHV

ILOH , 2

Functions, Libraries, and the File System

H +H+ + ++ H+ H+ H+ H H

GHILQLQJ IXQFWLRQV
YDULDEOH VFRSH

DOLDVLQJ

GHIDXOW SDUDPHWHU YDOXHYV
YDULDEOH OHQJWK DUJXPHQW OLVWV
IXQFWLRQV DV REMHFWYV

FUHDWLQJ PRGXOHV

PDWK OLEUDU\

VA\VWHP OLEUDU\
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+ UHSUHVHQWLQJ DQG PDQLSXODWLQJ WLPHYV
+ ILOH VIVWHP SURJUDPPLQJ

+ 7KH RV SDWK ORGXOH

+ 7KH BBPDLQBB .H\ZRUG

+ 3\WKRQ VRXUFHYV

Testing Basics

$+t PRWLYDWLRQ

$+ WHUPLQRORJ\

$ UXOHV IRU WHVWV

$+ WHVWLQJ IUDPHZRUNYV
$+ FKRRVLQJ WHVWYV

Dictionaries and Error Handling

PRWLYDWLRQ
VWULQJ IRUPDWWLQJ

GLFWLRQDULHV

ZRUNLQJ ZLWK GLFWLRQDULHYV
GLFWLRQDU\ PHWKRGV
FRXQWLQJ DQG LQYHUWLQJ
GLFWLRQDU\ VWULQJ IRUPDWWLQJ

WU\ H[FHSW DQG HOVH

H[FHSWLRQV

H[FHSWLRQ KDQGOHU VWDFN

UDLVLQJ H[FHSWLRQV

DVVHUWLRQV DQG GHIHQVLYH SURJUDPPLQJ
H[HFXWLQJ VXESURFHVVHYV

H ++ + + H+ H+ H+ H+ H+ H H+ H

Debugging

ZKDW V ZURQJ ZLWK SULQW VWDWHPHQWYV

VIPEROLF GHEXJJHUYV

UXQQLQJ LQ D GHEXJJHU

EUHDNSRLQWY LQVSHFWLRQ DQG VLQJOH VWHSSLQJ
KRZ GHEXJJHUV ZRUN

DGYDQFHG RSHUDWLRQV

UXOH

+H +H+ + +H+ H+ H +H

Object-Oriented Programming

PRWLYDWLRQ
GHILQLQJ FODVVHV

GHILQLQJ PHWKRGV

GHILQLQJ FODVVHV

VSHFLDO PHWKRGV

LQKHULWDQFH

SRO\PRUSKLVP

/JLVNRY VXEVWLWXWLRQ SULQFLSOH
FODVV PHPEHUYV

RSHUDWRU RYHUORDGLQJ
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Structured Unit Testing

PHFKDQLFV

H[DPSOH

VHWXS DQG WHDUGRZQ
WHVWLQJ DVVHUWLRQYV
WHVWLQJ , 2

WHVWLQJ FODVVHYV

WHVW GULYHQ GHYHORSPHQW

+H +H+ H+ +H+ +H+ H +H+

Automated Builds

PRWLYDWLRQ IRU WKLY OHFWXUH
RYHUYLHZ RI ODNH

EDVLF IHDWXUHYV

KDQGOLQJ PXOWLSOH WDUJHWV
GHILQLQJ SKRQ\ WDUJHWYV
DXWRPDWLF YDULDEOHYV
SDWWHUQ UXOHYV

VSHFLI\LQJ GHSHQGHQFLHV
GHILQLQJ YDULDEOHYV

H+H+ H+ H+ H+ H+ H+ H H

Coding Style and Reading Code

ZK\ UHDG FRGH

FRIQLWLRQ

GHWHUPLQLQJ IXQFWLRQDOLW\

QDPLQJ

LGLRPV

VW\OH FKHFNLQJ WRROV

UROH RI GRFXPHQWDWLRQ

WUDFHDELOLW\

GHIHQVLYH SURJUDPPLQJ DQG RWKHU SVHXGR GRFXPHQWDWLRQ
DFWLYH UHDGLQJ

+H + + + H+ +H+ H+ H H H

Watching Programs Run

+ 3\WKRQ V REMHFW PRGHO
+ G\QDPLF SURJUDPPLQJ

+ FRYHUDJH

$ SURILOLQJ

Regular Expressions

EDVLF SDWWHUQV
DOQFKRUYV

HVFDSH VHTXHQFHYV
HIWUDFWLQJ PDWFKHV
FRPSLOHG 5(V

RWKHU ODQJXDJHYV

+H +H+ H+ +H+ +H+ +H
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f RWKHU SDWWHUQV

Binary Data

T PRWLYDWLRQ

t UHSUHVHQWLQJ QXPEHUV

t ELWZLVH RSHUDWRUYV

¥ VKLIWLQJ

t IORDWLQJ SRLQW QXPEHUYV

t ELQDU\ , 2

Tt SDFNLQJ GDWD VWUXFWXUHYV
$t YDULDEOH OHQJWK GDWD

+t PHWDGDWD

Basic XML and XHTML

IRUPDWWLQJ UXOHV

i +70/

DWWULEXWHYV

LPDJHV DQG OLQNYV
DFFHVVLELOLW\

'20

EDVLF IHDWXUHV RI '20
FUHDWLQJ D '20 WUHH
ZDONLQJ D '20 WUHH
PRGLI\LQJ D '20 WUHH

H +H+ + + H+ H+ H+ H H H

A Mini-Project

FKHENLQJ IRU WDEV

DXWRPDWLRQ

FKHFNLQJ IRU SULQWDEOH FKDUDFWHUV
FKHFNLQJ JORVVDU\ HQWULHV
FKHFENLQJ FURVYV UHIHUHQFHYV

+H ++ +H+ +H +H

Relational Databases

FUHDWH LQVHUW DQG GURS
VLPSOH TXHULHV

MRLQV
QHJDWLRQ DQG QHVWHG TXHULHYV
DJJUHJDWLRQ

DSSOLFDWLRQ SURJUDPPLQJ
KDQGOLQJ 18//

FRQFXUUHQF\

+H +H+ H+ +H+ H+ H H+ +H

Client-Side Web Programming

I XQGHUO\LQJ SURWRFROV
t +773
I +773 UHTXHVW
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$+ +773 UHVSRQVH

+ XUOOLE

+ SDUDPHWHUL]LQJ UHTXHVWYV
+t HQFRGLQJ DQG GHFRGLQJ

+ ZHE VHUYLFHV

CGil

I RYHUYLHZ

$ 0,0( W\SHV

t HIDPSOH

$1 FUHDWLQJ IRUPV

t KDQGOLQJ IRUP GDWD

! VHUYHU VLGH VWDWH

t FRQFXUUHQF\

I FRRNLHV

Security

I JRDOV

1 OLPLWDWLRQV RI WHFKQLFDO VROXWLRQ
t WHUPLQRORJ\

FTLOSXW LV XQWUXVWZRUWK\
T WKH HYLOV RI H[HF

I EDVLF FU\SWRJUDSK\

1 +7736

t IXLGHOLQHYV

Teamware

I RYHUYLHZ RI 7UDF

$ UHSRVLWRU\ EURZVHU DQG WLPHOLQH
I LVVXH WUDFNHU

T ZULWLQJ XVHIXO WLFNHWYV
I PDLOLQJ OLVWYV

I ZLNL

I URDGPDS DQG PLOHVWRQHYV
I GDVKERDUG

I ZHEORJV

t DGPLQLVWUDWLRQ

Extreme Programming

+ ((WUHPH 3URJUDPPLQJ
+:3 FRUH SUDFWLFHYV

+ SODQQLQJ JDPH

+ SDLU SURJUDPPLQJ

+ SURMHFW YHORFLW\

+ FRXQWHU DUJXPHQWYV
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The ICONIX Process

XVH FDVHV

GRPDLQ PRGHO
UREXVWQHVY GLDJUDPYV
FODVV GLDJUDPYV
VHTXHQFH GLDJUDPYV
RUGHU RI RSHUDWLRQV
80/ WRROV

+H +H+ H+ +H+ +H+ H +H+

The Nevex Process

+ YLVLRQ VWDWHPHQW

+ DQDO\VLVY HVWLPDWLRQ

+$ (IRUPDW

+ GHVLJQ LPSOHPHQWDWLRQ DQG PDLQWHQDQFH
+ 4% DQG GRFXPHQWDWLRQ

+ SRVW PRUWHP

Backward, Forward, and Sideways

LQWUR
WKH 1XPHULF PRGXOH

3\WKRQ ,PDJLQJ /LEUDU\

6&RQV

LOQWHJUDWLQJ & LQWR 3\WKRQ

6:,* JRUWUDQ DQG HPEHGGLQJ 3\WKRQ LQ &
GHVLJQ SDWWHUQV

UHIDFWRULQJ

QRQ WHFKQLFDO UHDGLQJ

UXOHV Rl SURJUDPPLQJ

H +H+ + + H+ H+ H+ H H H

WRS
&RSVULJIKW < BS\WKRQ 6RIWZDMHRBARE CGHW.RIQPO V6HH
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