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1� ©®¬áâ¢® § R
R - ¬®¢  ÷ á¥à¥¤®¢¨é¥ ¯à®£à ¬ã¢ ï ®à÷õâ®¢ ÷, ¢ ¯¥àèã ç¥à£ã,  áâ â¨áâ¨ç÷ ®¡à åãª¨,  ¯¨á ï à÷§®£® à®¤ã ¯à®£à ¬ ®¡à®¡ª¨,   «÷§ã¤ ¨å â  ¯à¥¤áâ ¢«¥÷ à¥§ã«ìâ â÷¢ ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷. R õ ¡¥§ª®è-â®¢¨¬ ¯à®£à ¬¨¬ á¥à¥¤®¢¨é¥¬ § ¢÷¤ªà¨â¨¬ ª®¤®¬, é® à®§¯®¢áî¤�ãõâì-áï   ®á®¢÷ «÷æ¥§÷ù GNU General Publi Liense (§ á®¢ ®î Free SoftwareFoundation)1 ÷ § å®¤¨âìáï ã ¢÷«ì®¬ã ¤®áâã¯÷. Ǒà®£à ¬¨  ¯¨á ÷   R§ ¯ãáª îâìáï   ¡÷«ìè®áâ÷ ¯« âä®à¬ ÷ ®¯¥à æ÷©¨å á¨áâ¥¬ - FreeBSD, Li-nux, MaOS, Windows.Ǒà®¥ªâ R ¡ã¢ ÷÷æ÷©®¢ ¨© ¯à æ÷¢¨ª ¬¨ �ãª«¥¤áìª®£® ã÷¢¥àá¨â¥âã�®á®¬ öå ª®î â  �®¡¥àâ®¬ ��¥â«¥¬¥®¬ (Ross Ihaka, Robert GentlemanUniversity of Aukland, New Zealand)   ¯®ç âªã 90-x ÷ õ ¤÷ «¥ªâ®¬ ¡÷«ìèà ì®ù ¬®¢¨ ¯à®£à ¬ã¢ ï S à®§à®¡«¥®î Bell Laboratories   ç®«÷ §��®®¬ �¥¬¡¥àá®¬ (John Chambers) â  ª®«¥£ ¬¨. öáãõ ¯¥¢  ¢÷¬÷÷-áâì ¬÷� ¯à®£à ¬¨¬¨ á¥à¥¤®¢¨é ¬¨, ®¤ ª ¯à®£à ¬¨© ª®¤  ¯¨á ¨© ¢S, ¢ ¯¥à¥¢ �÷© ¡÷«ìè®áâ÷ ¡¥§ §¬÷ ¡ã¤¥ ¢¨ª®ã¢ â¨áï ¢ R. �¥à¥¤®¢¨é¥R ¬÷áâ¨âì è¨à®ªã £ ¬ã áâ â¨áâ¨ç¨å ¬¥â®¤÷¢ â  äãªæ÷© («÷÷©¨© ÷¥«÷÷©¨© à¥£à¥á÷©¨©   «÷§, áâ â¨áâ¨ç÷ â¥áâ¨,   «÷§ ç á®¢¨å àï¤÷¢,ª« áâ¥à¨§ æ÷ù ÷ ¡ £ â® ÷è®£®), £à ä÷ç¨å ÷áâàã¬¥â÷¢ ÷ õ § ç® £ãçª÷è-¨¬ ÷� ÷è÷ áâ â¨áâ¨ç÷ ¯à®£à ¬÷ ¯à®¤ãªâ¨, ®áª÷«ìª¨ ª®à¨áâã¢ ç÷ ¯®áâ-÷©® ¬®�ãâì à®§è¨àî¢ â¨ äãªæ÷® « § à åã®ª  ¯¨á ï ®¢¨å äãªæ-÷©. �÷¤¯®¢÷¤÷ ¯ ª¥â¨, é® à¥ «÷§ãîâì ®¢÷ äãªæ÷ù ÷ à®§è¨àîîâì ¬®�«¨-¢®áâ÷ R à®§¬÷éãîâìáï ¢ ®« © ª®«¥ªæ÷ù ¯ ª¥â÷¢ R. � ¬¥à¥�÷ Internet  á ©â÷ Comprehensive R Arhive Network 2 ÷áãõ ¢¥«¨ç¥§  ª®«¥ªæ÷ï ¯ ª¥â-÷¢ § äãªæ÷ï¬¨, é® ¢�¥ ¢¨ª®à¨áâ®¢ãîâìáï ¢ à÷§®¬ ÷â¨å  ¯àï¬ª å,¢÷¤ âà ¤¨æ÷©® áâ â¨áâ¨ª¨ ¤® £¥®ä÷§¨ª¨, ¡÷®÷ä®à¬ â¨ª¨, ¥ª®®¬¥âà÷ù,á®æ÷®«®£÷ù â  ÷è¨å áãá¯÷«ì® ¢ �«¨¢¨å ¤¨áæ¨¯«÷ å. � æì®¬ã á¥á÷ R§ ¢�¤¨ § å®¤¨âìáï ¯®¯¥à¥¤ã ¢ ¯®à÷¢ï÷ § ¯à®¯÷õâ à¨¬¨ ¯à®£à ¬¨-¬¨ á¥à¥¤®¢¨é ¬¨ ¯à¨§ ç¥¨¬¨ ¤«ï áâ â¨áâ¨ç¨å ®¡à åãª÷¢ ÷   «÷§ã¤ ¨å.
1 http://www.gnu.org/lienses/
2 http://ran.r-projet.org/



2 1 � ©®¬áâ¢® § Röè®î á¨«ì®î áâ®à®®î R õ ¬®�«¨¢÷áâì ¯à¨£®âã¢ ï in situ ¢¨-á®ª®ïª÷á¨å ÷ ÷ä®à¬ â¨¢¨å £à ä÷ª÷¢ ¤«ï ¯ã¡«÷ª æ÷© ¢  ãª®¢¨å ¢¨-¤ ïå, §¢÷â å â  web áâ®à÷ª å.1.1 Ǒ®ç â®ª à®¡®â¨R ¤®áâã¯¨©   á ©â÷ Comprehensive R Arhive Network (CRAN)  ¡®®¤®¬ã § ©®£® ¤§¥àª « §  ¢÷¤¯®¢÷¤¨¬¨ ¯®á¨« ï¬¨ 3 . Ǒ÷á«ï ÷áâ «ïæ÷ùâ  § ¯ãáªã (¤¨¢. �®¤ â®ª � ) ¢÷¤¡ã¢ õâìáï ÷÷æ÷ «÷§ æ÷ï á¥à¥¤®¢¨é  R 4R version 2.11.1 (2010-05-31)Copyright (C) 2010 The R Foundation for Statistial ComputingISBN 3-900051-07-0R is free software and omes with ABSOLUTELY NO WARRANTY.You are welome to redistribute it under ertain onditions.Type 'liense()' or 'liene()' for distribution details.Natural language support but running in an English loaleR is a ollaborative projet with many ontributors.Type 'ontributors()' for more information and'itation()' on how to ite R or R pakages in publiations.Type 'demo()' for some demos, 'help()' for on-line help, or'help.start()' for an HTML browser interfae to help.Type 'q()' to quit R.>¯÷á«ï ç®£® ¨áâ¥¬  £®â®¢  ¤® à®¡®â¨. � ª > ®§ ç õ £®â®¢÷áâì ¤® ¢¢¥¤¥ï÷ ¢¨ª® ï ª®¬ ¤. � ¡÷à ª®¬ ¤ â ª®� ¬®�  § ¯ãáâ¨â¨ ®ªà¥¬® §ä ©«ã-áªà¨¯âã.1.2 Ǒà¨ª« ¤¨ ¢ RC¥à¥¤®¢¨é¥ R  ªâ¨¢® ¢¨ª®à¨áâ®¢ãõâìáï ¢ § ¤ ç å, ¯®¢ï§ ¨å § ®¡à-®¡ª®î,   «÷§®¬ ÷ ¢÷§ã «÷§ æ÷õî áâ â¨áâ¨ç¨å ¤ ¨å. �¤¨ § ¯à¨ª« ¤÷¢¤¥¬®áâàãõ, ïª §£¥¥àã¢ â¨ ¢¨¯ ¤ª®¢÷ ç¨á«  ÷ ¯à¥¤áâ ¢¨â¨ ùå÷© à®§¯®¤÷«ã ¢¨£«ï¤÷ £÷áâ®£à ¬¨
3 http://ran.r-projet.org/mirrors.html
4 �¥àá÷ï R ¬®�¥ ¢÷¤à÷§ïâ¨áï. �  ¬®¬¥â  ¯¨á ï ®ä÷æ÷©¨© à¥«÷§ - R version2.11.1 (2010-05-31)



1.2 Ǒà¨ª« ¤¨ ¢ R 3> x <- rnorm(1000) # £¥¥à æ÷ï 1000 ¢¨¯ ¤ª®¢¨å ç¨á¥«# § à®§¯®¤÷«ã � ãá # à®§à åã®ª £÷áâ®£à ¬¨ ¤«ï §¬÷®ù x, ª÷«ìª÷áâì# ÷â¥à¢ «÷¢ 50> histogram <- hist(x, breaks=50, plot=FALSE)# à¨áã®ª £÷áâ®£à ¬¨ §  ¤®¯®¬®£®î äãªæ÷ù plot()> plot(histogram, ol="blue",border="red")
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�¨á. 1.1. �÷áâ®£à ¬  ¯®¡ã¤®¢     ®á®¢÷ ¢¨é¥§£ ¤ ®£® ¯à¨ª« ¤ã.R ¬®�  ¢¨ª®à¨áâ®¢ã¢ â¨ ïª ª «ìªã«ïâ®à (¢  ©¯à®áâ÷è®¬ã ¢¨¯ ¤ªã)> 1+1[1℄ 2> sqrt(81) # ª®¬¥â à÷©,[1℄ 9 # äãªæ÷ï sqrt() ¢¨ª®ãõ à åã®ª ª®à¥ï ª¢ ¤à â®£®> os(pi/3)[1℄ 0.5



4 1 � ©®¬áâ¢® § Râ ª ÷   «÷§ã¢ â¨ ¤ ÷, é® § å®¤ïâìáï ¢ ¬¥à¥�÷ Internet. � ¯à¨ª« ¤¯à¥¤áâ ¢¨â¨ ÷áâ®à÷î §¬÷¨ ä®¤®¢®£® ÷¤¥ªáã S&P500   ¬®¬¥â § ªà-
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1950 1960 1970 1980 1990 2000 2010�¨á. 1.2. öáâ®à÷ï § ç¥ì ÷¤¥ªáã S&P500 ®âà¨¬ ÷ § á ©âã finane.yahoo.om÷ ¯à¥¤áâ ¢«¥÷ ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷ §  ¤®¯®¬®£®î R.¨ââï ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷5# ®§ ç¥ï  ¤à¥á¨ ¤�¥à¥«  ¢ ¬¥à¥�÷ internet> address = "http://ihart.finane.yahoo.om/table.sv?s=%5EGSPC&d=10&e=30&f=2010&g=d&a=0&b=3&=1950&ignore=.sv"# §ç¨âã¢ ï ¤ ¨å ÷ ¯à¨á¢®õï ùå §¬÷÷© data> data <- read.sv(file=url(address))# ª®¢¥àâ æ÷ï ç á®¢®£® ä®à¬ âã> time <- strptime(data$Date,"%Y-%m-%d")# ¯à¥¤áâ ¢«¥ï ¤ ¨å ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷> plot(time,data$Close,type='l')öáãîâì ¯¥¢÷ ®¡¬¥�¥ï   ¯à¨á¢®õï  §¢ ®¡'õªâ ¬ ¢ R:
• �  §¢ å ®¡'õªâ÷¢ ¥ ¬®�ãâì ¡ãâ¨ á¯¥æ÷ «ì÷ á¨¬¢®«¨ !, +, -, #.
5 �¤à¥á  ¤�¥à¥«  ¤ ¨å (¯ à ¬¥âà address) § ç á®¬ ¬®�¥ áâ â¨ ¥ ªâ-ã «ì®î - ¢ â ª®¬ã à §÷ ¥®¡å÷¤® ®¡®¢¨â¨ ¯®á¨« ï § á ©âãhttp://�nane.yahoo.om/indies ¢ ç áâ¨÷ S&P500 (á¨¬¢®« ÷¤¥ªáã ^GSPC)Historial Pries



1.3 �âà¨¬ ï ¤®¯®¬÷�®ù ÷ä®à¬ æ÷ù. 5
• � §¢¨ ®¡õªâ÷¢ ¬®�ãâì ¬÷áâ¨â¨ æ¨äà¨,  «¥ ¥ ¬®�ãâì § ¨å ¯®ç¨- â¨áï.
• �à ¯ª  . ÷ á¨¬¢®« undersore ¤®§¢®«¥÷ ã ¢¨ª®à¨áâ ÷  §¢ ®¡'õªâ÷¢,¯à¨ç®¬ã  §¢  ®¡'õªâã ¬®�¥ ¯®ç¨ â¨áï § ªà ¯ª¨ .� àâ® § § ç¨â¨, é® á¥à¥¤®¢¨é¥ R õ çãâ«¨¢¨¬ ¤® à¥£÷áâàã, â®¡â® vari-able, Variable, VARIABLE,õ âà¨ à÷§÷ §¬÷÷!> variable <- (1,2,3,4)> variable[1℄ 1 2 3 4> Variable <- ('Ponedilok','Vivtorok','Sereda','Chetver')> Variable[1℄ "Ponedilok" "Vivtorok" "Sereda" "Chetver"> VARIABLE <- data.frame(variable,Variable)> VARIABLEvariable Variable1 1 Ponedilok2 2 Vivtorok3 3 Sereda4 4 Chetver�®¡ § ¢¥àè¨â¨ à®¡®âã ÷ ¢¨©â¨ § á¥à¥¤®¢¨é  R ¥®¡å÷¤® ¢¢¥áâ¨ª®¬ ¤ã q()  ¡® quit().1.3 �âà¨¬ ï ¤®¯®¬÷�®ù ÷ä®à¬ æ÷ù.�«îç®¢¨¬  ¢¨ª®¬ à®¡®â¨ ¢ R õ ¢¬÷ï ª®à¨áâã¢ â¨áï ¤®¯®¬÷�®î÷ä®à¬ æ÷õî. R ¬÷áâ¨âì ¢¡ã¤®¢ ã á¨áâ¥¬ã ÷ä®à¬ æ÷ù R-help. �®¡ ®âà¨-¬ â¨ ¤®¯®¬÷�ã ÷ä®à¬ æ÷î ¢ ª®¬ ¤®¬ã àï¤ªã á¥à¥¤®¢¨é  R ¢¢®¤¨âìáï®¤  §  áâã¯¨å ª®¬ ¤ (à §®¬ § ¯à¨ª« ¤ ¬¨ äãªæ÷©):help.start() # § £ «ì  á¨áâ¥¬  ÷ä®à¬ æ÷ù á¥à¥¤®¢¨é  Rhelp(mean) # ¯®ª § â¨ ÷ä®à¬ æ÷î é®¤® äãªæ÷ù mean?mean # áª®à®ç¥¨© ä®à¬ â § ¯¨áã äãªæ÷ù help()apropos("sd") # ¯®ª § â¨ á¯¨á®ª ¢á÷å äãªæ÷©, é®# ¬÷áâ¨âì àï¤®ª sdexample(mean) # ¯®ª § â¨ ¯à¨ª« ¤ äãªæ÷ù meanhelp.searh("fit") # ¯®èãª §  ª«îç®¢¨¬ á«®¢®¬ ¢ ¤ ®¬ã# ¢¨¯ ¤ªã "fit" ¢ á¨áâ¥¬÷ ¤®¯®-# ¬÷�®ù ÷ä®à¬ æ÷ù á¥à¥¤®¢¨é  R??fit # áª®à®ç¥¨© ä®à¬ â § ¯¨áã äãªæ÷ù help.searh()RSiteSearh("fun") # ¯®èãª ÷ä®à¬ æ÷ù é®¤® äãªæ÷ù fun ¢# á¨áâ¥¬÷ ¤®¯®¬÷�®ù «÷â¥à âãà¨ ÷  àå÷¢÷



6 1 � ©®¬áâ¢® § R # à®§á¨«®ªhelp.searh(), ??keyword , RSiteSearh() ¢¨ª®à¨áâ®¢ãîâìáï ¢ á¨âã æ÷ïå,ª®«¨ ¥ ¢÷¤®¬  â®ç   §¢  äãªæ÷ù.�¥ïª÷ ¯ ª¥â¨ ¬÷áâïâì ¢÷ìõâª¨, á¢®£® à®¤ã  ®â æ÷ù, ª®à®âª¨© ®¯¨á â®£®ïª ¢¨ª®à¨áâ®¢ã¢ â¨ ¯ ª¥â, ¤®¯®¢¥¨© ¯à¨ª« ¤ ¬¨vignette() # ¯®ª § â¨ ¤®áâã¯÷ ¢÷ìõâª¨vignette("frame") # ¯®ª § â¨ ¢÷ìõâªã § ¯ ª¥âã grid,# ïª  áâ®áãõâìáï ¯®¡ã¤®¢¨# £à ä÷ç®£® ÷â¥àä¥©áã ª®à¨áâã¢ ç 1.4 Ǒà¨ª« ¤¨ áâ â¨áâ¨ç¨å ¤ ¨å� §®¬ § ¯à®£à ¬¨¬ á¥à¥¤®¢¨é¥¬ R áâ îâì ¤®áâã¯¨¬¨ àï¤ áâ â¨áâ¨ç¨å¤ ¨å (datasets). �®¡ ¯¥à¥£«ïãâ¨  ï¢÷ ¯à¨ª« ¤¨ áâ â¨áâ¨ç¨å ¤ ¨å¥®¡å÷¤® ¢¢¥áâ¨ ª®¬ ¤ã data(). �¥§ã«ìâ â § «¥�¨âì ¢÷¤ â®£®, ïª÷ ¯ ª¥â¨§ ¢ â �¥÷ ÷ ¯÷¤ª«îç¥÷ ¢ R.> data()Data sets in pakage `datasets':AirPassengers Monthly Airline Passenger Numbers1949-1960BJsales Sales Data with Leading IndiatorBJsales.lead (BJsales) Sales Data with Leading IndiatorBOD Biohemial Oxygen DemandCO2 Carbon Dioxide Uptake in Grass PlantsChikWeight Weight versus age of hiks on diffe-rent dietsDNase Elisa assay of DNaseEuStokMarkets Daily Closing Pries of MajorEuropean Stok Indies,1991-1998...�®¡ ¯¥à¥£«ïãâ¨ ¤¥â «ìã ÷ä®à¬ æ÷î, é®¤® áâ â¨áâ¨ç¨å ¤ ¨å¥®¡å÷¤® ¢¢¥áâ¨ ª®¬ ¤ã help( §¢   ¡®àã ¤ ¨å),  ¯à¨ª« ¤> help(EuStokMarkets)



1.5 �¥¬®áâà æ÷ï ¬®�«¨¢®áâ¥© R 71.5 �¥¬®áâà æ÷ï ¬®�«¨¢®áâ¥© R�¥à¥¤®¢¨é¥ R ¯à¥¤áâ ¢«ïõ ÷áâàã¬¥â ¤«ï ®§ ©®¬«¥ï ÷ ¤¥¬®áâà æ-÷ù äãªæ÷® «ì¨å ¬®�«¨¢®áâ¥© R. �«ï æì®£® ÷áãõ ÷â¥àä¥©á demo, é®¤®§¢®«ïõ § ¯ãáª â¨ ¤¥¬®áâà æ÷©÷ áªà¨¯â¨ R.> demo()Demos in pakage `base':is.things Explore some properties of R objetsand is.FOO() funtions. Not for new-bies!reursion Using reursion for adaptive integrationsoping An illustration of lexial soping.Demos in pakage `graphis':Hershey Tables of the haraters inthe Hershey vetor fontsJapanese Tables of the Japanese haraters inthe Hershey vetor fontsgraphis A show of some of R's graphisapabilitiesimage The image-like graphis builtins of Rpersp Extended persp() examplesplotmath Examples of the use of mathematisannotationDemos in pakage `stats':glm.vr Some glm() examples from V&R withseveral preditorslm.glm Some linear and generalized linearmodelling examples from `An In-trodution to Statistial Modelling'by Annette Dobsonnlm Nonlinear least-squares using nlm()smooth `Visualize' steps in Tukey's smoo-thers�¯¨á®ª ¢á÷å ¤®áâã¯¨å ¤¥¬®áâà æ÷©¨å ¯à¨ª« ¤÷¢ § ÷áâ «ì®¢ ¨å ¢á¨áâ¥¬÷ ¯ ª¥â÷¢ ¬®�  ¯à®¤¨¢¨â¨áï §  ¤®¯®¬®£®î ª®¬ ¤¨> demo(pakage = .pakages(all.available = TRUE))



8 1 � ©®¬áâ¢® § R1.6 Ǒ ª¥â¨ ¢ R1.6.1 � §®¢¨©  ¡÷à ¯ ª¥â÷¢ RǑ ª¥â¨  ¡® ¡÷¡«÷®â¥ª¨ ¢ R ¯à¥¤áâ ¢«ïîâì á®¡®î ª®«¥ªæ÷ù äãªæ÷© ÷ ¤ ¨å¯à¨§ ç¥÷ ¤«ï ¢¨à÷è¥ï ¯¥¢®£® â¨¯ã § ¤ ç. �¥à¥¤®¢¨é¥ R ÷áâ «î-õâìáï §  ¡®à®¬ ¯ ª¥â÷¢, ¯®¢¨© ¯¨á®ª, à §®¬ § ª®à®âª¨¬ ®¯¨á®¬, ïª¨å¬®�  ¯à®¤¨¢¨â¨áï §  ¤®¯®¬®£®î ª®¬ ¤¨ library()> library()Pakages in library '/usr/lib/R/library':base The R Base Pakageboot Bootstrap R (S-Plus) Funtions (Canty)lass Funtions for Classifiationluster Cluster Analysis Extended Rousseeuw et al.odetools Code Analysis Tools for Rdatasets The R Datasets Pakageforeign Read Data Stored by Minitab, S, SAS, SPSS,Stata, Systat, dBase, ...graphis The R Graphis PakagegrDevies The R Graphis Devies and Support for Coloursand Fontsgrid The Grid Graphis PakageKernSmooth Funtions for kernel smoothing for Wand & Jones(1995)lattie Lattie GraphisMASS Main Pakage of Venables and Ripley's MASS..� áâ¨  § ¢áâ ®¢«¥¨å ¯ ª¥â÷¢ § ¢ â �ãîâìáï ®¤®ç á® à §®¬ § ¯®ç âª®¬à®¡®â¨ R. �ãªæ÷ï searh() ¢¨¢®¤¨âì  §¢¨ § ¢ â �¥¨å ¢ á¥à¥¤®¢¨é¥R ¯ ª¥â÷¢.> searh()[1℄ ".GlobalEnv" "pakage:stats" "pakage:graphis"[4℄ "pakage:grDevies" "pakage:utils" "pakage:datasets"[7℄ "pakage:methods" "Autoloads" "pakage:base"1.6.2 öáâ «ïæ÷ï ¤®¤ âª®¢¨å ¯ ª¥â÷¢�®�«¨¢®áâ÷ R § ç® à®§è¨àîâìáï §  à åã®ª ¢¨ª®à¨áâ ï ¤®¤ âª®¢¨å¯ ª¥â÷¢. �®¤ âª®¢÷ ¯ ª¥â¨ § å®¤ïâìáï ã ¢÷«ì®¬ã ¤®áâã¯÷   á ©â÷CRAN 6  ¡® ¬®�ãâì ¡ãâ¨  ¯¨á ÷ ¡¥§á¯®á¥à¥¤ì® á ¬¨¬ ª®à¨áâã¢ ç¥¬.öáãõ ª÷«ìª  ¢ à÷ â÷¢ á¯®á®¡÷¢ ÷áâ «ïæ÷ù ®¢¨å ¯ ª¥â÷¢:
6 http://ran.r-projet.org/web/pakages/



1.6 Ǒ ª¥â¨ ¢ R 91. öáâ «ïæ÷ï ¯ ª¥â÷¢ § ¤�¥à¥«ì®£® ª®¤ã� ¯¥àèã ç¥à£ã á«÷¤ § ¢ â �¨â¨ ¥®¡å÷¤¨© ¯ ª¥â paketname § á ©âãCRAN. �  ¤®¯®¬®£®î  áâã¯®ù ª®¬ ¤¨ § ª®á®«÷ Unix ¯¥¢¨© ¯ ª¥âpaketname,  ¯à¨ª« ¤, ÷áâ «îõâìáï ¢ ¯ ¯ªã /myfolder/R-pakages/$ R CMD INSTALL paketname -l /myfolder/R-pakages/2. öáâ «ïæ÷ï ¯ ª¥â÷¢ §  ¤®¯®¬®£®î RǑ ª¥â¨ § á ©âã CRAN ¬®�  § ÷áâ «î¢ â¨ ¡¥§¯®á¥à¥¤ì® §  ¤®¯®¬®£®îª®á®«÷ R (¤¨¢. �®¤ â®ª �). �«ï æì®£® á«÷¤ áª®à¨áâ â¨âáï  áâã¯®îª®¬ ¤®î> install.pakages("paketname") ¡®> install.pakages("paketname", lib="/myfolder/R-pakages/")i ¢¨¡à â¨ § ïª®£® ¤§¥àª «  á ©âã CRAN ¢áâ ®¢«î¢ â¨¬¥âáï ¯ ª¥â.1.6.3 Ǒ÷¤ª«îç¥ï ¤®¤ âª®¢¨å ¯ ª¥â÷¢�ãªæ÷ù ÷  ¡®à¨ ¤ ¨å ¤®¤ âª®¢¨å ¯ ª¥â÷¢ áâ îâì ¤®áâã¯¨¬¨ ¤® ¢¨ª®à-¨áâ ï ¯÷á«ï § ¢ â �¥ï (¯÷¤ª«îç¥ï) ¯ ª¥â÷¢ ¢ á¥à¥¤®¢¨é¥ R. �®¡¯÷¤ª«îç¨â¨ ¢�¥ § ÷áâ «ì®¢ ¨©, ¤®¤ âª®¢¨© ¯ ª¥â ¢¨ª®à¨áâ®¢ãõâìáïäãªæ÷ï library()> library("mypakage")#  ¡® ¢ª §ãîç¨ ï¢® ¬÷áæ¥ § å®¤�¥ï ¯ ª¥âã ¢ ä ©«®¢÷© á¨áâ¥¬÷> library("mypakage", lib.lo=".../librariesFolder/")¤¥ mypakage -  §¢  ¯ ª¥âã/¡÷¡«÷®â¥ª¨, é® ¯÷¤ª«îç õâìáï, lib.lo - ¬÷áæ¥§ å®¤�¥ï ¯ ª¥âã. �ãªæ÷ï .libPaths() ¢¨¢®¤¨âì  ¤à¥á¨ ¬÷áæï § å-®¤�¥ï ¯ ª¥â÷¢ ¢ ®¯¥à æ÷©÷© á¨áâ¥¬÷. � ¯à¨ª« ¤# ¢ Unix ¯®¤÷¡¨å á¨áâ¥¬ å> .libPaths() #[1℄ "/usr/lib/R/library"[2℄ "/usr/share/R/library"[3℄ "/home/X/R/i386-redhat-linux-gnu-library/2.11"# ¢ Windows> .libPaths()[1℄ "C:/R/R-211~1.1/library"



2�¡'õªâ¨ ÷ â¨¯¨ ¤ ¨å ¢ R
R ¯à¥¤áâ ¢«ïõ ¤ ÷ ã ¢¨£«ï¤÷ áâàãªâãà®¢ ¨å ®¡'õªâ÷¢, â ª¨å ïª ¢¥ªâ®à¨,¬ âà¨æ÷, ¬ á¨¢¨, ä ªâ®à¨, á¯¨áª¨, ¤ â äà¥©¬¨. � ¨© à®§¤÷« ¤¥¬®áâàãõïª áâ¢®àîîâìáï ®¡'õªâ¨ ¢ á¥à¥¤®¢¨é÷ R ¢ § «¥�®áâ÷ ¢÷¤ â¨¯ã ¤ ¨å.2.1 �¥ªâ®à¨öáãîâì âà¨ â¨¯¨ ¢¥ªâ®à÷¢ ç¨á«®¢¨©, á¨¬¢®«ì¨© ÷ «®£÷ç¨©. �¥ªâ®à¨§ ¤ îâìáï  áâã¯¨¬ ç¨®¬> vektor <- (data1,data2,data3,...)¤¥ ª®áâàãªæ÷ï  -  ¡à÷¢÷ âãà  ¢÷¤  £. olletion. Ǒà¨ª« ¤¨> a <- (2,4,6,8,10) # ç¨á«®¢¨© ¢¥ªâ®à> a[1℄ 2 4 6 8 10> b1 <- ("Kharkiv","Kyiv","Lviv") # á¨¬¢®«ì¨© ¢¥ªâ®à> b1[1℄ "Kharkiv" "Kyiv" "Lviv"�¨á«  ¬®�ãâì ÷â¥à¯à¥âã¢ â¨áï ïª á¨¬¢®«ì÷ ¤ ÷ ( ¯à¨ª« ¤, ¯®èâ®¢¨©÷¤¥ªá):> b2 <- ("64000","01000","79000") # á¨¬¢®«ì¨© ¢¥ªâ®à> b2[1℄ "64000" "01000" "79000"> 1 <- (TRUE,FALSE,TRUE,TRUE) # «®£÷ç¨© ¢¥ªâ®à> 1[1℄ TRUE FALSE TRUE TRUE



2.2 � ªâ®à¨ 11> 2 <- (a > 9)> 2[1℄ FALSE FALSE FALSE FALSE TRUE�¥ªâ®à ¬®�¥ § ¤ ¢ â¨áï ã ¢¨£«ï¤÷ á¥ª¢¥æ÷ù ¯®á«÷¤®¢¨å ç¨á¥« §  ¤®¯®¬®£®îäãªæ÷ù seq()> d1 <- (1:15)> d1[1℄ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15> d2 <- seq(10,0,by=-1)> d2[1℄ 10 9 8 7 6 5 4 3 2 1 0> seq(0,1,length.out=21)[1℄ 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50[12℄ 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 ¡® à¥¯«÷ª æ÷©, ¯®¢â®à¥ì ç¨á¥« ç¨ ¢¥ªâ®à÷¢ §  ¤®¯®¬®£®î äãªæ÷ù rep()> f <- rep(1,5)> f[1℄ 1 1 1 1 1> g <- rep(a,3)> g[1℄ 2 4 6 8 10 2 4 6 8 10 2 4 6 8 10Ǒ®ª § â¨ ¥«¥¬¥â¨ ¢¥ªâ®à > a[(1,4)℄ # ¯®ª § â¨ 1-© ÷ 4-© ¥«¥¬¥â¨ ¢¥ªâ®à  a[1℄ 2 82.2 � ªâ®à¨� ªâ®à¨ ï¢«ïîâì á®¡®î à¥ «÷§ æ÷î á¨¬¢®«ì®£® ¢¥ªâ®à  ÷ ©®£® ®¬÷ «ì¨å§ ç¥ì, ïª à¥§ã«ìâ â ª« á¨ä÷ª æ÷ù/£àã¯ã¢ ï ¥«¥¬¥â÷¢ á¨¬¢®«ì®£®¢¥ªâ®à . � ªâ®à¨ § ¤ îâìáï §  ¤®¯®¬®£®î äãªæ÷ù fator()  áâã¯¨¬ç¨®¬



12 2 �¡'õªâ¨ ÷ â¨¯¨ ¤ ¨å ¢ R> f <- fator(x = harater(),...)¤¥ å - ¢¥ªâ®à á¨¬¢®«ì¨å § ç¥ì, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨ (¤¨¢. ?help(fator)).�¥å © ÷áãõ ¢¥ªâ®à, ¥«¥¬¥â¨ ïª®£® ¬÷áâïâì ¢ à÷ â¨ ¢÷¤¯®¢÷¤¥©   ¯¨-â ï "� ª", "�÷" ¡® "�¥§ î":> answers <- ("� ª","� ª","�÷","�¥§ î","� ª","� ª","�¥§ î","�÷","�÷","�÷" )> answers[1℄ "� ª" "� ª" "�÷" "�¥§ î" "� ª" "� ª"[7℄ "�¥§ î" "�÷" "�÷" "�÷"� ªâ®à¨ ¯®ª §ãîâì ÷ä®à¬ æ÷î ¯à® ª â¥£®à÷ù  ¡® à÷¢÷ (Levels) §  ïª¨¬¨£àã¯ãîâìáï ¤ ÷.> fator1 <- fator(answers)> fator1[1℄ � ª � ª �÷ �¥§ î � ª � ª �¥§ î[8℄ �÷ �÷ �÷Levels: �¥§ î �÷ � ª� ªâ®à ï¢«ïõâìáï ¡÷«ìè ¥ä¥ªâ¨¢¨¬ ®¡'õªâ®¬ §¡¥à÷£ ï á¨¬¢®«ì¨å¤ ¨å, é® ¯®¢â®àîîâìáï, ®á®¡«¨¢® ª®«¨ ÷áãõ ¢¥«¨ª¨© ®¡'õ¬ á¨¬¢®«ì¨å¤ ¨å. �÷¢÷ ä ªâ®à  ª®¤ãîâìáï á¥à¥¤®¢¨é¥¬ R ïª æ÷«÷ ç¨á« , ¢÷¤¯®¢÷¤®ä ªâ®à ¬®�  ¯à¥¤áâ ¢¨â¨ ¢ § ª®¤®¢ ®¬ã ¢¨£«ï¤÷ § ¢¨ª®à¨áâ ï¬äãªæ÷ù as.integer()> as.integer(fator1)[1℄ 3 3 2 1 3 3 1 2 2 2� £ «ìã ª÷«ìª÷áã ÷ä®à¬ æ÷î ¯® ª â¥£®à÷ï¬, ¢ ¤ ®¬ã ¢¨¯ ¤ªã, ¢ à-÷ â ¬ ¢÷¤¯®¢÷¤¥© "� ª", "�÷", "�¥§ î", ¬®�  ®âà¨¬ â¨ §  ¤®¯®¬®£®îäãªæ÷ù table()> table(fator1)fator1�¥§ î �÷ � ª2 4 4� ªâ®à â ª®� ¬®�  §£¥¥àã¢ â¨ §  ¤®¯®¬®£®î äãªæ÷ gl()



2.4 � âà¨æ÷ ÷ ¬ á¨¢¨ 13> gl(1,4)[1℄ 1 1 1 1Levels: 1> gl(2,4)[1℄ 1 1 1 1 2 2 2 2Levels: 1 2> gl(3,1)[1℄ 1 2 3Levels: 1 2 3�¬÷¨â¨  §¢¨ à÷¢÷¢ ¬®�  ¢¨ª®à¨áâ®¢ãîç¨  à£ã¬¥â label> gl(3,1,20,label = ("Low","Middle","Top"))[1℄ Low Middle Top Low Middle Top Low[8℄ Middle Top Low Middle Top Low Middle[15℄ Top Low Middle Top Low MiddleLevels: Low Middle Top2.3 � á®¢÷ àï¤¨/á¥à÷ù� á®¢÷ àï¤¨  ¡® � ç á®¢÷ á¥à÷ù, ï¢«ïîâì á®¡®î ®¡'õªâ, ïª¨© ¤®§¢®«ïõ §¡¥à-÷£ â¨ §¬÷÷ ¢ ç á÷ ¤ ÷. � á®¢÷ á¥à÷ù áâ¢®àîîâìáï §  ¤®¯®¬®£®î äãªæ÷ùts() ÷ áª« ¤ îâìáï § ¤ ¨å ( ã ¢¨£«ï¤÷ ¢¥ªâ®à÷¢, ¬ âà¨æ÷ ç¨á¥«) ÷ ¤ â, é®à®§¬÷é¥÷ ¬÷� á®¡®î § ¯¥¢¨¬ § ¤ ¨¬ ç á®¢¨¬ ÷â¥à¢ «®¬.� § £ «ì®¬ã ¢¨¯ ¤ªã á¨â ªá¨á äãªæ÷ù ts() ¬ õ ¢¨£«ï¤> ts(data, start, frequeny,...)¤¥ data - ¤ ÷ ç á®¢®ù á¥à÷ù, start - ç á ¯¥àè®ù ®¡á¥à¢ æ÷ù, frequeny - ç¨á«®®¡á¥à¢ æ÷© §  æ¨ª« (®¤¨¨æî) ç áã. Ǒà¨ª« ¤ ç á®¢®ù á¥à÷ù ¢¨¯ ¤ª®¢¨åç¨á¥« § 2010 ¯® 2012 à÷ª.> timeseries <- ts(data=rnorm(34), frequeny = 12,> start = (2010))> plot(timeseries)2.4 � âà¨æ÷ ÷ ¬ á¨¢¨� âà¨æï ¢ R ¯à¥¤áâ ¢«ïõ á®¡®î ¢¥ªâ®à ã ¢¨£«ï¤÷ 2-x ¢¨¬÷à®ù â ¡«¨æ÷,à®§¬÷à®¬ n x m, ¢á÷ ¥«¥¬¥â¨ ïª®ù  «¥� âì ¤® ç¨á¥«ì®£® â¨¯ã ¤ ¨å.
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�¨á. 2.1. � á®¢¨© àï¤ §£¥¥à®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù ts()� £ «ì¨© ä®à¬ â § ¯¨áã ¬ âà¨æ÷ § ¢¨ª®à¨áâ ï¬ äãªæ÷ù matrix() ¬ õ¢¨£«ï¤> matrixname <- matrix(vetor,nrow,mol)¤¥ vetor -  ¡÷à ¤ ¨å ã ¢¨£«ï¤÷ ¢¥ªâ®à , nrow - ª÷«ìª÷áâì àï¤ª÷¢, mol -ª÷«ìª÷áâì áâ®¢¡æ÷¢. Ǒà¨ª« ¤ ¬ âà¨æ÷ à®§¬÷à®¬ 3 x 5> matrix1 <- matrix(1:15,nrow=3,nol=5)> matrix1[,1℄ [,2℄ [,3℄ [,4℄ [,5℄[1,℄ 1 4 7 10 13[2,℄ 2 5 8 11 14[3,℄ 3 6 9 12 15�ãªæ÷ï dim(matrix) ¤®§¢®«ïõ ¯®ª § â¨ à®§¬÷à ¬ âà¨æ÷> dim(matrix1)[1℄ 3 5� âà¨æî ¬®�  §£¥¥àã¢ â¨ § ¢¥ªâ®à÷¢ à®§¬÷éãîç¨ ùå àï¤ª ¬¨  ¡®áâ®¢¯ç¨ª ¬¨ §  ¤®¯®¬®£®î äãªæ÷© rbind() â  bind() ¢÷¤¯®¢÷¤®.> rbind((1,3,5),(6,4,2),(0,0,0),(7,8,9))[,1℄ [,2℄ [,3℄



2.4 � âà¨æ÷ ÷ ¬ á¨¢¨ 15[1,℄ 1 3 5[2,℄ 6 4 2[3,℄ 0 0 0[4,℄ 7 8 9> bind((1,3,5),(6,4,2),(0,0,0),(7,8,9))[,1℄ [,2℄ [,3℄ [,4℄[1,℄ 1 6 0 7[2,℄ 3 4 0 8[3,℄ 5 2 0 9� å®¤�¥ï ¥«¥¬¥âã, àï¤ª , áâ®¢¡ç¨ª  ¬ âà¨æ÷ §  ùå÷¬¨ ÷¤¥ªá ¬¨ ¢¨-£«ï¤ õ  áâã¯¨¬ ç¨®¬.�¥å © ¬ õ¬® ¬ âà¨æî> matrix2<- matrix((1,3,5,6,4,2,0,0,0,7,8,9),2,6)> matrix2[,1℄ [,2℄ [,3℄ [,4℄ [,5℄ [,6℄[1,℄ 1 5 4 0 0 8[2,℄ 3 6 2 0 7 9â®¤÷> matrix2[1,℄ # ¯¥àè¨© àï¤®ª ¬ âà¨æ÷ matrix2[1℄ 1 5 4 0 0 8> matrix2[,6℄ # è®áâ¨© áâ®¢¡ç¨ª ¬ âà¨æ÷ matrix2[1℄ 8 9> matrix2[2,3℄ # ¥«¥¬¥â 2-£® àï¤ã ÷ 3 áâ®¢¯ç¨ª  ¬ âà¨æ÷ matrix2[1℄ 2�  ¢÷¤¬÷ã ¢÷¤ ¬ âà¨æ÷, ¬ á¨¢ ï¢«ïõ á®¡®î ¢¥ªâ®à § ç¥ì vetor ã ¢¨£«ï¤÷â ¡«¨æ÷, ¢ ïª÷© ¬®�¥ ¡ãâ¨ ¤®¢÷«ì  ª÷«ìª÷áâì ¢¨¬÷à÷¢ k. �¨â ªá¨á § ¯¨áã¬ á¨¢ã ¢ R § ¤ õâìáï  áâã¯¨¬ ç¨®¬> arrayname <- array(vetor,k)Ǒà¨ª« ¤ 3-x ¢¨¬÷à®£® ¬ á¨¢ã ïª¨© áª« ¤ õâìáï § 4-å â ¡«¨æì (¬ âà¨æì)> array(1:16,(2,2,4)), , 1[,1℄ [,2℄



16 2 �¡'õªâ¨ ÷ â¨¯¨ ¤ ¨å ¢ R[1,℄ 1 3[2,℄ 2 4, , 2[,1℄ [,2℄[1,℄ 5 7[2,℄ 6 8, , 3[,1℄ [,2℄[1,℄ 9 11[2,℄ 10 12, , 4[,1℄ [,2℄[1,℄ 13 15[2,℄ 14 16�¥§ «¥�® ¢÷¤ à®§â èã¢ ï ¥«¥¬¥â÷¢ ¬ âà¨æ÷  ¡® ¬ á¨¢ã, ¢á÷ ¥«¥¬¥â¨¤®áâã¯÷, ïª ¥«¥¬¥â¨ ®¤®£® ¢¥ªâ®à .2.5 �«®ª¨ ¤ ¨å  ¡® ¤ â äà¥©¬¨� â äà¥©¬¨ õ ®¤¨¬¨ § ®á®¢¨å ÷ äã¤ ¬¥â «ì¨å ®¡'õªâ÷¢ á¥à¥¤®¢¨é R, ïª¨© ¬®�  ®å à¥ªâ¥à¨§ã¢ â¨, ïª ¬ âà¨æî § à÷§¨¬¨ â¨¯ ¬¨ ¤ ¨å. �áâ®¢¯ç¨ª å â ª®ù ¬ âà¨æ÷ ¬®�ãâì §¡¥à÷£ â¨áï ç¨á«®¢÷, á¨¬¢®«ì÷, «®£÷ç÷¢¥ªâ®à¨, ä ªâ®à¨, ¬ âà¨æ÷ ç¨á¥«, ÷è÷ ¡«®ª¨ ¤ ¨å. C¨¬¢®«ì÷ ¢¥ªâ®à¨ ¢â®¬ â¨ç® ª®¢¥àâãîâìáï ã ä ªâ®à¨. � â äà¥©¬¨ áâ¢®àîîâìáï § ¢¨-ª®à¨áâ ï¬ äãªæ÷ù data.frame(). � £ «ì¨© ä®à¬ â § ¯¨áã ¤ â äà-¥©¬ã ¬ õ ¢¨£«ï¤> dataframename<-data.frame(var1,var2,var3...varN)¤¥ var1,var2,var3...varN - §¬÷÷ à÷§¨å â¨¯÷¢. Ǒà¨ª« ¤ ¤ â äà¥©¬ã> data1 <- (101,102,103,104)> data2 <- ("Lviv", "Kyiv", "Kharkiv", NA)> data3 <- ("79000","01000","64000","00000")> data4 <- (TRUE,FALSE,TRUE,FALSE)> alldata <- data.frame(data1,data2,data3,data4)> names(alldata) <- ("ID","City","PostID","Chek")



2.5 �«®ª¨ ¤ ¨å  ¡® ¤ â äà¥©¬¨ 17> alldataID City PostID Chek1 101 Lviv 79000 TRUE2 102 Kyiv 01000 FALSE3 103 Kharkiv 64000 TRUE4 104 <NA> 00000 FALSE�®�¨© áâ®¢¯ç¨ª  ¡® §¬÷  ¤ â äà¥©¬ã ¬ õ ã÷ª «ì¥ ÷¬ï. �¬÷áâ §¬÷®ù¤ â äà¥©¬ã ¬®�  ®âà¨¬ â¨ §  ¤®¯®¬®£®î ª®¬ ¤¨, ïª  áª« ¤ õâìáï §÷¬¥÷ ¤ â äà¥©¬ã, § ªã $ â  ÷¬¥÷ §¬÷®ù dataframe$variable> alldata$City[1℄ Lviv Kyiv Kharkiv <NA>Levels: Kharkiv Kyiv Lviv> alldata$PostID[1℄ 79000 01000 64000 00000Levels: 00000 01000 64000 79000�¨ª®à¨áâ ï äãªæ÷ù attah() ¤®§¢®«ïõ §¢¥àâ â¨áï ¤® §¬÷¨å ¤ â äà-¥©¬ã ¡¥§¯®á¥à¥¤ì® §   §¢®î/÷¬¥¥¬ §¬÷®ù.> attah(alldata)> City[1℄ Lviv Kyiv Kharkiv <NA>Levels: Kharkiv Kyiv Lviv> PostID[1℄ 79000 90000 64000 00000Levels: 00000 01000 64000 79000�®¡ ¯®¢¥àãâ¨áï ¤® ¯®¯¥à¥¤ì®£® ä®à¬ âã  ¯¨á ï §¬÷¨å ¢¨ª®à¨-áâ®¢ãõâìáï äãªæ÷ï detah()> detah(alldata)> CityError: objet 'City' not found> alldata$City[1℄ Lviv Kyiv Kharkiv <NA>Levels: Kharkiv Kyiv Lviv� «®£÷ç¨¬ ç¨®¬ äãªæ÷ù attah() i detah() ¢¨ª®à¨áâ®¢ãîâìáï ¤«ïà®¡®â¨ §÷ §¬÷¨¬¨ á¯¨áªã (list).�®áâã¯ ¤® ¥«¥¬¥â÷¢ ¤ â äà¥©¬ã §¤÷©áîõâìáï ¢ª §ãîç¨ ®¬¥à/ §¢ãàï¤ª  ÷/ ¡® áâ®¢¯ç¨ª 



18 2 �¡'õªâ¨ ÷ â¨¯¨ ¤ ¨å ¢ R> alldata[4,"ID"℄[1℄ 104> alldata[2:3,℄ID City PostID Chek2 102 Kyiv 90000 FALSE3 103 Kharkiv 64000 TRUE> alldata[,"City"℄[1℄ Lviv Kyiv Kharkiv <NA>Levels: Kharkiv Kyiv Lviv> alldata[["City"℄℄[1℄[1℄ LvivLevels: Kharkiv Kyiv Lviv2.6 �¯¨áª¨�¯¨á®ª ï¢«ïõ á®¡®î ®¡'õªâ, é® §  á¢®õî áâàãªâãà®î ¯®¤÷¡¨© ¤® ¢¥ªâ®à .�¤ ª   ¢÷¤¬÷ã ¢÷¤ ¢¥ªâ®à , ¤¥ ¢á÷ ¥«¥¬¥â¨  «¥� âì ¤® ®¤®£® â¨¯ã¤ ¨å, á¯¨á®ª ¬®�¥ ¬÷áâ¨â¨ à÷§÷ ®¡'õªâ¨ § à÷§¨¬¨ â¨¯ ¬¨ ¤ ¨å, ¢ª«î-ç® § ÷è¨¬¨ á¯¨áª ¬¨ ÷ ¡«®ª ¬¨ ¤ ¨å (¤ â äà¥©¬ ¬¨). �÷¤¯®¢÷¤® á¯¨-áª¨ ¢¨ª®à¨áâ®¢ãîâìáï ¢ á¨âã æ÷ïå ª®«¨ ¤ ÷ ¡«¨§ìª÷ §  á¢®ù¬ ª®â¥â®¬, «¥ ¥®¤®à÷¤÷ §  á¢®õî áâàãªâãà®î. C¯¨áª¨ £¥¥àãîâìáï §  ¤®¯®¬®£®îäãªæ÷ù list()> x1 <- 1:5> x2 <- ('Ponedilok','Vivtorok','Chetver','Sereda','Piatnyia')> x3 <- (T,T,F,F,T)> y <- list(daynumber=x1, day=x2, order=x3)> y$daynumber[1℄ 1 2 3 4 5$day[1℄ "Ponedilok" "Vivtorok" "Chetver" "Sereda" "Piatnyia"$order[1℄ TRUE TRUE FALSE FALSE TRUE�ãªæ÷ï names() ¤®§¢®«ïõ ®âà¨¬ â¨ ÷¬¥  ª®¬¯®¥â á¯¨áªã> names(y)[1℄ "daynumber" "day" "order"�®áâã¯ ¤® ª®¬¯®¥â÷¢ á¯¨áªã ¢÷¤¡ã¢ õâìáï:
• ( - §  ÷¤¥ªá®¬ ª®¬¯®¥â¨)



2.7 �®£÷ç÷ â¨¯¨ ¤ ¨å ÷ ®¯¥à â®à¨ 19
• ( - §  ÷¬¥¥¬ ª®¬¯®¥â¨)> slobozan <- list( Kharkivskaobl = list(mista = ('Kharkiv' =1440676, 'Izum' = 53223, 'Krasnograd' = 27600 , 'Bohoduxiv'= 17653, 'Zmijiv' = 16976, 'Liubotyn' = 25700,'Balakliia' =32117,'Lozova'= 71500), naselenia = 2760948, oblentr ='Kharkiv'), Sumskaobl = list(mista = ('Sumy' = 273984,'Okhtyrka' = 49431, 'Trostianets' = 23370, 'Konotop' = 93671,'Shostka' = 80389 ), naselenia = 1164619, oblentr = 'Sumy'))> slobozan[[1℄℄$mistaKharkiv Izum Krasnograd Bohoduxiv Zmijiv Liubotyn1440676 53223 27600 17653 16976 25700Balakliia Lozova32117 71500$naselenia[1℄ 2760948$oblentr[1℄ "Kharkiv"> slobozan$Kharkivskaobl$mistaKharkiv Izum Krasnograd Bohoduxiv Zmijiv Liubotyn1440676 53223 27600 17653 16976 25700Balakliia Lozova32117 71500$naselenia[1℄ 2760948$oblentr[1℄ "Kharkiv"> slobozan$Sumskaobl$oblentr[1℄ "Sumy"�¥§ã«ìâ â¨ ¡÷«ìè®áâ÷ áâ â¨áâ¨ç¨å   «÷§÷¢ ¯à¥¤áâ ¢«ïîâìáï ã ¢¨£«ï¤÷á¯¨áª÷¢.2.7 �®£÷ç÷ â¨¯¨ ¤ ¨å ÷ ®¯¥à â®à¨�¡'õªâ¨ «®£÷ç¨å â¨¯÷¢ ¤ ¨å ¬®�ãâì ¯à¨©¬ â¨ § ç¥ï TRUE  ¡® FALSE÷ ¢¨ª®à¨áâ®¢ãîâìáï ¤«ï â®£®, é®¡ ¯®ª § â¨ ç¨ ã¬®¢  ÷áâ¨  ç¨ å¨¡ .� ª÷ ®¡'õªâ¨ § §¢¨ç © õ à¥§ã«ìâ â®¬ «®£÷ç¨å ®¯¥à æ÷©.



20 2 �¡'õªâ¨ ÷ â¨¯¨ ¤ ¨å ¢ R�®£÷ç÷ ®¯¥à â®à¨< ¬¥è¨© ÷�<= ¬¥è¨©  ¡® à÷¢¨©> ¡÷«ìè¨© § >= ¡÷«ìè¨©  ¡® à÷¢¨©== à÷¢¨©& «®£÷ç¨© ®¯¥à â®à "I"| «®£÷ç¨© ®¯¥à â®à "���"! «®£÷ç¨© ®¯¥à â®à "�ö"!= ¥ à÷¢¨©



3�ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R
3.1 �ªá¯®àâ ¤ ¨å� ¯¨á â¨ ¤ ÷ § á¥à¥¤®¢¨é  R ¢ ä ©« ¬®�  ª÷«ìª®¬  á¯®á®¡ ¬¨, ¢§ «¥�®áâ÷ ¢÷¤ ¥®¡å÷¤®ù ¢¨å÷¤®ù áâàãªâãà¨/ä®à¬ âã ä ©«ã ¤ ¨å.�á®¢®î äãæ÷õî õ write.table(), ïª  ¤®§¢®«ïõ §¡¥à¥£â¨ ¬ âà¨æî ç¨-á¥«  ¡® ¤ â äà¥©¬ ã ¢¨£«ï¤÷ â ¡«¨æ÷ ¤ ¨å. � £ «ì¨© á¨â ªá¨á äãªæ÷ù> write.table(x, file = "", ...)¤¥ x - ®¡'õªâ, é® § ¯¨áãõâìáï (¬ âà¨æï  ¡® ¤ â äà¥©¬), �le -  §¢ ä ©«ã, ¢ ïª¨© § ¯¨áãîâìáï ¤ ÷, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨. �¥â «ì÷è¥¯à® ¤®¤ âª®¢÷  à£ã¬¥â¨ ?write.table  ¡® help(write.table)� à¥§ã«ìâ â÷ ¢¨ª®à¨áâ ï äãªæ÷ù write.table() áâ¢®àîõâìáï ä ©«§ ¢ª § ¨¬¨ ÷¬¥ ¬¨ àï¤ª÷¢ â  áâ®¢¡ç¨ª÷¢ (¯à¨ ã¬®¢÷, é® ÷¬¥  ÷áã¢ «¨),¢ ïª®¬ã ¤ ÷ à®§¤÷«¥÷ ¬÷� á®¡®î ¯à®¡÷« ¬¨.> xval<-mtars[1:10,℄> write.table(xval,file="data1.txt")� ©« data1.txt ¬÷áâ¨âì ¤¥áïâì àï¤ª÷¢ §  ¡®àã ¤ ¨åmtars (¤¨¢. ?mtars)"mpg" "yl" "disp" "hp" "drat" "wt" "qse" "vs" ."Mazda RX4" 21 6 160 110 3.9 2.62 16.46 0 ."Mazda RX4 Wag" 21 6 160 110 3.9 2.875 17.02 0 ."Datsun 710" 22.8 4 108 93 3.85 2.32 18.61 1 ."Hornet 4 Drive" 21.4 6 258 110 3.08 3.215 19.44 1 ."Hornet Sportabout" 18.7 8 360 175 3.15 3.44 17.02 0 ."Valiant" 18.1 6 225 105 2.76 3.46 20.22 1 ."Duster 360" 14.3 8 360 245 3.21 3.57 15.84 0 ."Mer 240D" 24.4 4 146.7 62 3.69 3.19 20 1 ."Mer 230" 22.8 4 140.8 95 3.92 3.15 22.9 1 ."Mer 280" 19.2 6 167.6 123 3.92 3.44 18.3 1 .



22 3 �ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R�ãªæ÷ù write.sv() ÷ write.sv2() õ à÷§®¢¨¤ ¬¨ äãªæ÷ù write.table()§ ®§ ç¥¨¬¨  à£ã¬¥â ¬¨, ¢¨ª®à¨áâ ï ïª¨å ¤®§¢®«ïõ §¡¥à÷£ â¨ ¤ ÷ ãä®à¬ â÷ CSV à®§¤÷«¥¨å , ÷ ; ¢ ¯¥àè®¬ã ÷ ¤àã£®¬ã ¢¨¯ ¤ªã, ¢÷¤¯®¢÷¤®.> write.sv(xval,file="data2.sv")� ©« data2.sv ¬ õ ¢¨£«ï¤"","mpg","yl","disp","hp","drat","wt","qse","vs" ."Mazda RX4",21,6,160,110,3.9,2.62,16.46,0 ."Mazda RX4 Wag",21,6,160,110,3.9,2.875,17.02,0 ."Datsun 710",22.8,4,108,93,3.85,2.32,18.61,1 ."Hornet 4 Drive",21.4,6,258,110,3.08,3.215,19.44,1 ."Hornet Sportabout",18.7,8,360,175,3.15,3.44,17.02,0 ."Valiant",18.1,6,225,105,2.76,3.46,20.22,1 ."Duster 360",14.3,8,360,245,3.21,3.57,15.84,0 ."Mer 240D",24.4,4,146.7,62,3.69,3.19,20,1 ."Mer 230",22.8,4,140.8,95,3.92,3.15,22.9,1 ."Mer 280",19.2,6,167.6,123,3.92,3.44,18.3,1 .�®à¬ â CSV õ ¯®è¨à¥¨¬ ä®à¬ â®¬ §¡¥à¥�¥ï ¤ ¨å ÷ ¢¨ª®à¨áâ®¢ãõâìáï¤«ï ¥ªá¯®àâã/÷¬¯®àâã ¤ ¨å ¬÷� à÷§¨¬¨ ¯à®£à ¬¨¬¨ á¥à¥¤®¢¨é ¬¨.3.2 � ¯¨á ¤ ¨å ¢ ä®à¬ â÷ Exel�  ¤®¯®¬®£®î ¯ ª¥âã xlsReadWrite ¤ ÷ § á¥à¥¤®¢¨é  R ¬®�  §¡¥à¥£â¨ã ä®à¬ â÷ MS OÆe Exel (ä ©« § à®§è¨à¥ï¬ *.xls). Ǒ¥à¥¤ ¢¨ª«¨ª®¬äãªæ÷ù write.xls(), ¯à¨§ ç¥®ù ¤«ï §¡¥à¥�¥ï ¤ ¨å ã ä®à¬ â÷ Exel¢ à®¡®ç¥ á¥à¥¤®¢¨é¥ R § ¢ â �ãõâìáï ¯ ª¥â xlsReadWrite.> library(xlsReadWrite)> write.xls(data1, ".../rtoexeldata.xls")3.3 Ǒ¥à¥ ¯à ¢«¥ï ¤ ¨å § ¥ªà ã ¢ ä ©«� ÷ § à®¡®ç®£® á¥à¥¤®¢¨é  R ¬®�  §¡¥à¥£â¨ §  ¤®¯®¬®£®î äãªæ÷sink() ÷ äãªæ÷ù at(). �ãªæ÷ï sink(file)  ¯à ¢«ïõ áâ ¤ àâ¨© ¢¨-å÷¤ ¢á÷å ª®¬ ¤ § ¥ªà ã â¥à¬÷ «ã á¥à¥¤®¢¨é  R ¢ ä ©« �le.> x <- (1,3,5,7,9,15,7)> sink("testdatafile.txt") # Cª¥àã¢ ï áâ ¤ àâ®£® ¢¨å®¤ã ¢ä ©« testdatafile.txt



3.5 ö¬¯®àâ ¤ ¨å § ä®à¬ â®¢ ®£® â¥ªáâ®¢®£® ä ©«ã 23> print(x)> at("The mean of x is",round(mean(x),3))> sink() # � ¢¥àè¥ï § ¯¨áã ¢ ä ©« ÷ ¯¥à¥ ¯à ¢«¥ï §®¢ã ¢áâ ¤ àâ¨© ¢¨å÷¤ á¥à¥¤®¢¨é  R�  ¢÷¤¬÷ã ¢÷¤ ¯®¯¥à¥¤ì®ù äãªæ÷ù sink(), at()  ¯à ¢«ïõ ¢ ä ©« ¤ ÷,é® ï¢® § ¤ ÷ ¢ ¬¥� å á ¬®ù äãªæ÷ù.> at("2 3 5 7", "11 13 17 19", file="exportat.dat", sep="\n")3.4 ö¬¯®àâ ¤ ¨å�¥®¡å÷¤¨¬  ¢¨ª®¬ à®¡®â¨ ¢ R õ ¢¢¥¤¥ï â  ÷¬¯®àâ ¤ ¨å. �¥«¨ª÷®¡'õ¬¨ ¤ ¨å § §¢¨ç © ÷¬¯®àâãîâìáï § ä ©«÷¢,   ®ªà¥¬÷, ¤ ÷ ¢¢®¤ïâáï¡¥§¯®á¥à¥¤ì® § ª« ¢÷ âãà¨. �®¡ ¯®«¥£è¨â¨ à®¡®âã § ä ©« ¬¨, R ¬÷áâ¨âìª÷«ìª  äãªæ÷©, ïª÷ ¤®§¢®«ïîâì ¡¥§¯®á¥à¥¤ì® ¢§ õ¬®¤÷ïâ¨ § ®¯¥à æ÷©®îá¨áâ¥¬®î. � ¯à¨ª« ¤ ¯à¨  ¯¨á ÷ ª®¬ ¤¨  ¡® áªà¨¯âã §ç¨âã¢ ï¤ ¨å § ä ©«ã ¥®¡å÷¤® § â¨ â®ç¥ ÷¬'ï ä ©«ã ¤ ¨å. �¡¨ ¯à®£«ïãâ¨á¯¨á®ª ®¡'õªâ÷¢ ¢ ¯ ¯æ÷/ª â «®§÷ ÷áãõ äãæ÷ï list.files()> list.files()[1℄ "data.sv" "myfile.txt" "Rlib" "testsript.R"�÷«ìª÷áâì ®¡'õªâ÷¢ ¢ ¤ ÷© ¯ ¯æ÷> length(list.files())[1℄ 4�ãªæ÷ï getwd() ¤®§¢®«ïõ ®âà¨¬ â¨ ¯®¢¨©  ¤à¥á à®¡®ç®£® ª â «®£ã.� â®¬÷áâì äãæ÷ï setwd("../Folder") §¬÷îõ  ¤à¥á à®¡®ç®£® ª â «®£ã.� ¢¨¯ ¤ªã ª®«¨ ä ©« § å®¤¨âìáï ¯®§  à®¡®ç¨¬ ª â «®£®¬ ¥®¡å÷¤®¢ª § â¨ ¯®¢¨©  ¤à¥á ¯¥à¥¤ á ¬¨¬ ä ©«®¬.3.5 ö¬¯®àâ ¤ ¨å § ä®à¬ â®¢ ®£® â¥ªáâ®¢®£® ä ©«ã� ¢ â �¨â¨ ¤ ÷ § â¥ªáâ®¢®£® ä ©«ã (ASCII ä®à¬ â ä ©«÷¢) ¢ R ¬®� §  ¤®¯®¬®£®î  áâã¯¨å äãªæ÷©:- read.table() { ÷¬¯®àâãõ ¤ ÷ ã ¢¨£«ï¤÷ ¤ â äà¥©¬ã § ä®à¬ â®¢ ®£®â¥ªáâ®¢®£® ä ©«ã;- read.sv() { ÷¬¯®àâãõ ¤ â äà¥©¬¨ § â¥ªáâ®¢®£® ä ©«ã, ¢ ïª®¬ã ¤ ÷¢÷¤®ªà¥¬«îîâìáï á¨¬¢®«®¬ ª®¬¨;



24 3 �ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R- read.delim() { §ç¨âãõ ¤ ÷ § â¥ªáâ®¢®£® ä ã©«ã, ¢ ïª®¬ã ¤ ÷ ¢÷¤®ªà-¥¬«¥÷ á¨¬¢®« ¬¨ â ¡ã«ïæ÷ù;- read.fwf() { ÷¬¯®àâãõ ¤ ÷ § ä ©«ã ä®à¬ â ä÷ªá®¢ ®ù è¨à¨¨;- san() {  ¤ õ ¬®�«¨¢®áâ÷ ¨§ìª®-à÷¢¥¢®£® §ç¨âã¢ ï ¤ ¨å.� §®¢®î õ äãªæ÷ï san(), ïª  ç áâ® ¢¨ª®à¨áâ®¢ãõâìáï ¤«ï §ç¨â-ã¢ ï ä ©«÷¢ ¢¥«¨ª¨å à®§¬÷à÷¢. �ãªæ÷© read.table(), read.sv(),read.fwf() õ ¯®å÷¤¨¬¨ ¢÷¤ ¡ §®¢®ù.3.6 �ãªæ÷ù read.table(),read.sv() ÷ read.delim()� ©¡÷«ìè §àãç¨© á¯®á÷¡ ÷¬¯®àâã¢ â¨ â¥ªáâ®¢÷ ¤ ÷ õ ¢¨ª®à¨áâ ï äãªæ-÷ù read.table(). C¨â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤> read.table(file,...)¤¥ �le -  §¢  ä ©«ã ÷ ¯®¢¨© è«ïå ¤® ì®£® (ïªé® ä ©« § å®¤¨âìáï § ¬¥� ¬¨ à®¡®ç®ù ¤¨à¥ªâ®à÷ù), ... -  ¡÷à  à£ã¬¥â÷¢. �¥â «÷ ?read.table ¡® help(read.table)�¥å © ¬ õ¬® â¥ªáâ®¢¨© ä ©« group.txt, é® ¬÷áâ¨âì  §¢¨ §¬÷¨å ÷ ¤ ÷"Names" "Age" "Weight,kg" "Height,m" "Sex" "ID""Sofia" 2 12 55 "W" "10001""Petro" 40 101 173 "M" "10002""Vitalij" 37 90 175 "M" "10003""Inna" 18 52 180 "W" "10004""Anna" 20 55 170 "W" "10005"�®¤÷ §ç¨âã¢ ï ¤ ¨å, ¢ª«îç îç¨ ÷¬¥  §¬÷¨å, § ä ©«ã ¬®�¥ ¢¨-£«ï¤ â¨ â ª> groupdata <- read.table("group.txt",header=TRUE)groupdataNames Age Weight.kg Height.m Sex ID1 Sofia 2 12 55 W 100012 Petro 40 101 173 M 100023 Vitalij 37 90 175 M 100034 Inna 18 52 180 W 100045 Anna 20 55 170 W 10005�¯æ÷ù header áâ ¢¨âìáï § ç¥ï TRUE ¤«ï §ç¨âã¢ ï ¯¥àè®£® àï¤ª â¥ªáâ®¢®£® ä ©«ã, é® ¬÷áâ¨âì ÷¬¥  §¬÷¨å, ã ïª®áâ÷  §¢ áâ®¢¯ç¨ª÷¢.�ãªæ÷ù read.sv() ÷ read.delim() õ ¡÷«ìè ª®¬¯ ªâ¨¬ § ¯¨á®¬ äãªæ-÷ù read.table() ã ¢¨¯ ¤ªã § ¢ â �¥ï ¤ ¨å ¢÷¤®ªà¥¬«¥¨å ª®¬ ¬¨ ÷



3.8 �ãªæ÷ï san() 25á¨¬¢®« ¬¨ â ¡ã«ïæ÷ù, ¢÷¤¯®¢÷¤®. öáãîâì â ª®� ¢ à÷ æ÷ù ã ¢¨£«ï¤÷ äãªæ-÷© read.sv2() ÷ read.delim2() ¯à¨§ ç¥÷ ¤«ï §ç¨âã¢ ï ¤ ¨å §ä ©«÷¢, ¢ ïª¨å ¤¥áïâª®¢÷ ç¨á«  ¢÷¤®ªà¥¬«¥÷ ¢÷¤ æ÷«¨å ª®¬ ¬¨.� ¯à¨ª« ¤ §  ¤®¯®¬®£®î äãªæ÷ù read.sv() ¢¨ª®à¨áâ®¢ãîç¨ ä ©«data2.sv (¤¨¢. áâà. 22 ) ¤ ÷ ÷¬¯®àâãîâìáï ¢ á¥à¥¤®¢¨é¥ R,  ¯à¨ª« ¤,ïª ¤ â äà¥©¬ § ÷¬¥¥¬ datasv. �  ¤®¯®¬®£®î äãªæ÷ù print() ¢¬÷áâ¤ â äà¥©¬ã ¢¨¢®¤¨âìáï   ¥ªà > datasv<-read.sv('data2.sv')> print(datasv)3.7 �ãªæ÷ï read.fwf()�®à¬ â ä ©«÷¢ § ä÷ªá®¢ ®îè¨à¨®î §ãáâà÷ç õâìáï ¤®¢®«÷ à÷¤ª®, ®áª÷«ìª¨¡÷«ìè÷áâì ¤ ¨å ã â¥ªáâ®¢¨å ä ©« å ¢÷¤®ªà¥¬«¥÷  ¡® ª®¬®î  ¡® á¨-¬¢®«®¬ â ¡ã«ïæ÷ù. �¨¬ ¥ ¬¥è â ª÷ ä ©«¨ §ãáâà÷ç îâìáï ÷ ¯÷¤ ç á÷¬¯®àâã ¤ ¨å § ¢¨ª®à¨áâ ï¬ äãªæ÷ù read.fwf() ¢ª §ãõâìáï ¯ à- ¬¥â¥à width - â®¡â® ¢¥ªâ®à, ïª¨© ¬÷áâ¨âì ç¨á«®¢÷ § ç¥ï ª÷«ìª®áâ÷ á¨-¬¢®«÷¢ (è¨à¨¨) ¤«ï ª®�®ù §¬÷®ù, é® ÷¬¯®àâãõâìáï. �ãªæ÷ï read.fwf()áâ¢®àîõ ÷ § ¯¨áãõ ¤ ÷ ¢ â¨¬ç á®¢¨© ä ©«, ¢ ïª®¬ã ¤ ÷ ¢÷¤®ªà¥¬«î-îâìáï á¨¬¢®« ¬¨ â ¡ã«ïæ÷ù,   ¡¥§¯®á¥à¥¤÷© ÷¬¯®àâ ¤ ¨å ¢ á¥à¥¤®¢¨é¥R §¤÷©áîõâìáï äãªæ÷õî read.table().> dat.ff <- tempfile()> at(file=dat.ff,"12345678","abdefgh",sep="\n")> read.fwf(dat.ff,width=(2,4,1,1))> V1 V2 V3 V4> 1 12 3456 7 8> 2 ab def g h> unlink(dat.ff) # ¢¨¤ «ïõ ä ©«�ãªæ÷ï unlink() ¢¨¤ «ïõ ¢ª § ¨© ä ©«  ¡® ¤¨à¥ªâ®à÷î/¯ ¯ªã.3.8 �ãªæ÷ï san()�ãªæ÷ï san() ¢¨ª®à¨áâ®¢ãõâìáï ¢ á¨âã æ÷ïå ¢ ïª¨å ¯®¯¥à¥¤÷ äãªæ÷ù õ¬¥è eä¥ªâ¨¢¨¬¨  ¡® ¥á¯à®¬®�÷ ª®à¥ªâ® ÷¬¯®àâã¢ â¨ ¤ ÷. san()§ç¨âãõ ¤ ÷ ã ¢¨£«ï¤÷ ¢¥ªâ®à   ¡® á¯¨áªã. �¨â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤> san(file = "",...)



26 3 �ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R¤¥ �le -  §¢  ä ©«ã ÷ ¯®¢¨© è«ïå ¤® ì®£® (ïªé® ä ©« § å®¤¨âìáï § ¬¥� ¬¨ à®¡®ç®ù ¤¨à¥ªâ®à÷ù), ... -  ¡÷à  à£ã¬¥â÷¢.ontent <- san('group.txt',what="harater",sep='')Read 36 items> ontent[1℄ "Names" "Age" Weight,kg" "Height,m" "Sex" "ID"[7℄ "Sofia" "2" "12" "55" "W" "10001"[13℄ "Petro" "40" "101" "173" "M" "10002"[19℄ "Vitalij" "37" "90" "175" "M" "10003"[25℄ "Inna" "18" "52" "180" "W" "10004"[31℄ "Anna" "20" "55" "170" "W" "10005"�à£ã¬¥â¨ what ÷ sep § ¤ îâì â¨¯ ¤ ¨å â  á¨¬¢®« á¥¯ à æ÷ù ¤ ¨å¢÷¤¯®¢÷¤®. �¥â «÷ ¤¨¢ ?san  ¡® help(san).� ¢¨¯ ¤ªã ª®«¨ ¤�¥à¥«® ¤ ¨å, â®¡â®  à£ã¬¥â �le ¥ ¢ª § ®, ¢¢¥¤¥ï¤ ¨å §¤÷©áîõâìáï ÷â¥à ªâ¨¢® (¤¨¢. áâà. 27)3.9 ö¬¯®àâ ¤ ¨å § äa©«÷¢ EXCEL (*.xls ä ©«¨)� ©ªà é¨© á¯®á÷¡ ¯à®ç¨â â¨ *.xls ä ©«¨ - §¡¥à¥£â¨ ¤ ÷ ¢ á¥à¥¤®¢¨é÷ ã¢¨£«ï¤÷ ä®à¬ â®¢ ®£® *.sv ä ©«ã â  ÷¬¯®àâã¢ â¨ ©®£® ïª ¢¨é¥§£ ¤ ¨©svä ©«. � Windows á¨áâ¥¬ å ¤«ï ¤®áâã¯ã ¤® ¤ ¨å ä ©«÷¢ Exel, ¬®� áª®à¨áâ â¨áï ¯ ª¥â®¬ RODBC. Ǒ¥àè¨© àï¤®ª ¯®¢¨¥ ¬÷áâ¨â¨ §¬÷÷/÷¬¥ áâ®¢¡ç¨ª÷¢.# ¯¥àè¨© àï¤®ª ¬÷áâ¨âì ÷¬¥  §¬÷¨å# ¤ ÷ §ç¨âãîâìáï § workSheet mysheet> library(RODBC)> hannel <- odbConnetExel(":/exelfile.xls")> mydata <- sqlFeth(hannel, "mysheet")> odbClose(hannel)3.10 ö¬¯®àâ ¤ ¨å § äa©«÷¢ SPSS�®¡ ÷¬¯®àâã¢ â¨ ¤ ÷ § ¯à®£à ¬¨ SPSS ¥®¡å÷¤® ¯¥à¥¤ æ¨¬ ¢ R § ¢ â �¨-â¨ ¯ ª¥â Hmis# �¡¥à¥�¥ï ¤ ¨å SPSS ¢ ä®à¬ â ïª¨© à®§¯÷§ õâáï R> get file=':\dataSPSS.sav'.> export outfile=':\dataSPSS.por'.# � ¢ â �¥ï ¤ ¨å ¢ R



3.11 �¢¥¤¥ï ¤ ¨å § ª« ¢÷ âãà¨ 27> library(Hmis)> mydata <- spss.get(":/dataSPSS.por", use.value.labels=TRUE)# ®áâ ï ®¯æ÷ï ª®¢¥àâãõ  §¢¨ ¢ ä ªâ®à¨
3.11 �¢¥¤¥ï ¤ ¨å § ª« ¢÷ âãà¨�«®ª¨ ¤ ¨å ¬®�  áâ¢®à¨â¨ ÷â¥à ªâ¨¢® ¢¢®¤ïç¨ ¤ ÷ ¡¥§¯®á¥à¥¤ì®§ ª« ¢÷ âãà¨. � ¯¥àè®¬ã ¢¨¯ ¤ªã ¤ ÷ ¢¢®¤ïâìáï ¡¥§¯®á¥à¥¤ì® ¢ á¥à-¥¤®¢¨é¥ R §  ¤®¯®¬®£®î äãªæ÷ù san(). �¢¥¤¥ï ç¨á¥«> numbervetor<-san()1: 02: 103: 204: -305: 406: 507:Read 6 items> numbervetor[1℄ 0 10 20 -30 40 50�¢¥¤¥ï ¤ ¨å á¨¬¢®«ì®£® â¨¯ãharvetor <- san(what = "", sep = "\n")1: Ǒ¥àè¨© àï¤®ª2: �àã£¨©3: �à¥â÷©4: � ¯¥¢® ¢¨áâ ç¨âì?5:Read 4 itemsharvetor[1℄ "Ǒ¥àè¨© àï¤®ª" "�àã£¨©" "�à¥â÷©"[4℄ "� ¯¥¢® ¢¨áâ ç¨âì?"Ǒãáâ¨© àï¤®ª (â®¡â® ¤¢  à §¨ Enter) ®§ ç õ § ª÷ç¥ï à¥�¨¬ã¢¢¥¤¥ï ¤ ¨å.� ¤àã£®¬ã ¢¨¯ ¤ªã ¤ ÷ ¢ R § ®áïâìáï ç¥à¥§ à¥¤ ªâ®à §  ¤®¯®¬®£®îäãªæ÷ù edit()  ¡® fix(). �¬÷÷, ¢ ïª÷ ¢®áïâìáï ¤ ÷, ¬ãáïâì ¡ãâ¨ ¯®¯¥à-¥¤ì® § ¤¥ª« à®¢ ÷.> ountry<-("EU","USA","Japan")> urrenyquant<-(100,100,1000)



28 3 �ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R> urreny<-("EURO","USD","JPY")> rate<-(1070.08,793.77,95.12)> national<-rep("UAH",3)> mydata <- data.frame(ountry,urreny,urrenyquant,> rate,national)> temp <- edit(mydata)> mydata <-temp # ¯¥à¥§ ¯¨á/®®¢«¥ï ¤ ¨å ®¡'õªâã mydata3.12 �âà¨¬ ï ÷ä®à¬ æ÷ù ¯à® ®¡'õªâ¨Ǒà®£«ïãâ¨ ®¡'õªâ¨ à®¡®ç®£® á¥à¥¤®¢¨é  R ¬®�  §  ¤®¯®¬®£®î äãªæ÷ùls()> ls()[1℄ "datafile" "xdata"Ǒà®£«ïãâ¨ §¬÷÷ ®¡'õªâã ¬®�  § ¢¨ª®à¨áâ ï¬ äãªæ÷ù names()> names(xdata)[1℄ "X" "mpg" "yl" "disp" "hp" "drat" "wt" "qse"[9℄ "vs" "am" "gear" "arbǑà®£«ïãâ¨ ¢¬÷áâ ®¡'õªâã §  ¤®¯®¬®£®î äãªæ÷ù print()> print (xdata) X mpg yl disp hp drat wt qse vs .1 Mazda RX4 21.0 6 160.0 110 3.90 2.620 16.46 0 .2 Mazda RX4 Wag 21.0 6 160.0 110 3.90 2.875 17.02 0 .3 Datsun 710 22.8 4 108.0 93 3.85 2.320 18.61 1 .4 Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 .5 Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 .6 Valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 .7 Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 0 .8 Mer 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 .9 Mer 230 22.8 4 140.8 95 3.92 3.150 22.90 1 .10 Mer 280 19.2 6 167.6 123 3.92 3.440 18.30 1 .Ǒà®£«ïãâ¨ ¯¥àè÷ 10 àï¤ª÷¢ ®¡'õªâã xdata¬®�  § ¢¨ª®à¨áâ ï¬ äãªæ-÷ù head()> head(xdata, n=4)



3.12 �âà¨¬ ï ÷ä®à¬ æ÷ù ¯à® ®¡'õªâ¨ 29X mpg yl disp hp drat wt qse vs am .1 Mazda RX4 21.0 6 160 110 3.90 2.620 16.46 0 1 .2 Mazda RX4 Wag 21.0 6 160 110 3.90 2.875 17.02 0 1 .3 Datsun 710 22.8 4 108 93 3.85 2.320 18.61 1 1 .4 Hornet 4 Drive 21.4 6 258 110 3.08 3.215 19.44 1 0 .Ǒà®£«ïãâ¨ ®áâ ÷ 2 àï¤ª÷¢ ®¡'õªâã xdata¬®�  § ¢¨ª®à¨áâ ï¬ äãªæ÷ùtail()> tail(xdata, n=2)X mpg yl disp hp drat wt qse vs am gear arb9 Mer 230 22.8 4 140.8 95 3.92 3.15 22.9 1 0 4 210 Mer 280 19.2 6 167.6 123 3.92 3.44 18.3 1 0 4 4Ǒà®£«ïãâ¨ áâàãªâãàã ®¡'õªâã §  ¤®¯®¬®£®î äãªæ÷ù str()> str(xdata)'data.frame': 10 obs. of 12 variables:$ X : Fator w/ 10 levels "Datsun 710","Duster 360",..: 5 ...$ mpg : num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2$ yl : int 6 6 4 6 8 6 8 4 4 6$ disp: num 160 160 108 258 360 ...$ hp : int 110 110 93 110 175 105 245 62 95 123$ drat: num 3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69 3.92 3.92$ wt : num 2.62 2.88 2.32 3.21 3.44 ...$ qse: num 16.5 17 18.6 19.4 17 ...$ vs : int 0 0 1 1 0 1 0 1 1 1$ am : int 1 1 1 0 0 0 0 0 0 0$ gear: int 4 4 4 3 3 3 3 4 4 4$ arb: int 4 4 1 1 2 1 4 2 2 4Ǒà®£«ïãâ¨ à®§¬÷à÷áâì ®¡'õªâã> dim(xdata)[1℄ 10 12Ǒà®£«ïãâ¨ ª« áá ®¡'õªâã § ¢¨ª®à¨áâ ï¬ äãªæ÷ù lass()> lass(xdata)[1℄ "data.frame"



30 3 �ªá¯®àâ/ö¬¯®àâ ¤ ¨å ¢ R3.13 �¯¥æ÷ «ì÷ § ç¥ï3.13.1 NA ÷ NaN� á¥à¥¤®¢¨é÷ R ¢÷¤áãâ÷ § ç¥ï §¬÷¨å ¯à¥¤áâ ¢«ïîâìáï á¨¬¢®« ¬¨NA (Not Available).� ¯à¨ª« ¤, ïªé® "à®§âï£ãâ¨"¢¥ªâ®à  ¡® ¬ á¨¢   ¢¥«¨ç¨ã, é® ¯¥à-¥¢¨éãõ à®§¬÷à ¢¥ªâ®à  ÷§ § ¤ ¨¬¨ § ç¥ï¬¨, ®¢÷ ¥«¥¬¥â¨, é® §'ï¢¨-«¨áï ¢ à¥§ã«ìâ â÷ "à®§âï£¥ï"¯à¨©¬ îâì § ç¥ï NA.> a <- (10,0,5)> a[1℄ 10 0 5> length(a) <- 5> a[1℄ 10 5 0 NA NA�¥áâ   ¢÷¤áãâ÷áâì § ç¥ì> is.na(x) # à¥§ã«ìâ â ¡ã¤¥ TRUE ïªé® ¢ å § ç¥ï ¢÷áãâõ> y <- (1,2,3,NA)> is.na(y) # à¥§ã«ìâ â®¬ ¡ã¤¥ ¢¥ªâ®à «®£÷ç¨å § ç¥ì (F F F T)[1℄ FALSE FALSE FALSE TRUEǑ®¬¨«ª¨  ¡® à¥§ã«ìâ â¨ ¥¤®¯ãáâ¨¬¨å ®¯¥à æ÷© ¯à¥¤áâ ¢«ïîâìáï á¨-¬¢®«®¬ NaN (¥ ç¨á«®¢¥ § ç¥ï).> z <- sqrt((1,-1))Warning message:In sqrt((1, -1)) : NaNs produed> print(z)[1℄ 1 NaN> is.nan(z)[1℄ FALSE TRUE3.13.2 �¥áª÷ç¥÷áâì Inf�ªé® à¥§ã«ìâ â ®¡à åãª÷¢ õ §  ¤â® ¢¥«¨ª¨¬ ç¨á«®¬, R ¯®¢¥àâ õ Inf ã¢¨¯ ¤ªã ¯®§¨â¨¢®£® ç¨á«  ÷ -Inf ã ¢¨¯ ¤ªã ¥£ â¨¢®£® ç¨á« .



3.15 �¨ª«îç¥ï ¢÷¤áãâ÷å § ç¥ì §   «÷§ã 31> 2 ^ 1024[1℄ Inf> - 2 ^ 1024[1℄ -Inf3.13.3 � ç¥ï NULL� á¥à¥¤®¢¨é÷ R ÷áãõ ã«ì®¢¨© ®¡'õªâ, ïª¨© § ¤ õâìáï á¨¬¢®«®¬ NULL.� ç¥ï NULL ¬®�¥ ¯®¢¥àâ â¨áï ïª à¥§ã«ìâ â ®¡à åãªã R ¢¨à §÷¢  ¡®äãªæ÷© ç¨ù § ç¥ï ¥ ¢¨§ ç¥÷  ¡® ¢¨ª®à¨áâ®¢ã¢ â¨áï ïª  à£ã¬¥âäãªæ÷ù, é®¡ ¢ª § â¨ ï¢® ¢÷¤áãâ÷áâì § ç¥ï  à£ã¬¥â .> x1 <- as.null(list(var1=1,var2=''))> print(x1)NULL3.14 �®¤ã¢ ï § ç¥ì §¬÷¨å� ç¥ï §¬÷®ù ¢ R ¬®�  ¯¥à¥ª®¤ã¢ â¨. � ¯à¨ª« ¤ § ç¥ï §¬÷®ùïª  ¤®à÷¢îõ 99 ¬®�  ¯¥à¥ª®¤ã¢ â¨ ¢ NA# selet rows where v1 is 99 and reode olumn v1> mydata[mydata$v1==99,"v1"℄ <- NA3.15 �¨ª«îç¥ï ¢÷¤áãâ÷å § ç¥ì §   «÷§ã� áâ®áã¢ ï  à¨ä¬¥â¨ç¨å äãªæ÷© ¤® §¬÷¨å ÷§ § ç¥ï¬¨ NA ¤ îâìà¥§ã«ìâ â â¥� NA> x <- (1,2,NA,3)> mean(x) # ¯®¢¥àâ õ à¥§ã«ìâ â NA[1℄ NA� â®¬÷áâì ¢ª §ãîç¨ ï¢®> mean(x, na.rm=TRUE) # ¯®¢¥àâ õ à¥§ã«ìâ â 2[1℄ 2na.rm=TRUE -  à£ã¬¥â, ïª¨© ¢ ¤ ®¬ã ¢¨¯ ¤ªã ®ªà¥á«îõ, é® NA § ç¥ï¯®âà÷¡® ãáã¢ â¨ (¥ ¢à å®¢ã¢ â¨).



4�ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ R
Ǒ¥à¥¢ �  ¡÷«ìè÷áâì ®¯¥à æ÷© ÷ § ¤ ç ¢ R §¤÷©áîõâìáï §  ¤®¯®¬®£®îäãªæ÷©. �ãªæ÷ù ï¢«ïîâì á®¡®î ¯à®£à ¬¨© ª®¤ § ¯¥¢®£®  ¡®àã §¬÷¨å,ª®áâ â, ®¯¥à â®à÷¢, ÷è¨å äãªæ÷©, é® ¯à¨§ ç¥÷ ¤«ï ¢¨ª® ï ¯¥¢®ùª®ªà¥â®ù § ¤ ç÷  ¡® ®¯¥à æ÷© ÷ ¯®¢¥à¥ï¬ à¥§ã«ìâ âã ¢¨ª® ï äãªæ-÷ù. �  á¢®ù¬ ¯à¨§ ç¥ï¬ äãªæ÷ù ¬®�  ¯®¤÷«¨â¨   ª÷«ìª  ®ªà¥¬¨å £àã¯ à¨ä¬¥â¨ç÷, á¨¬¢®«ì÷, áâ â¨áâ¨ç÷ â  ÷è÷,   â ª®� ¢¡ã¤®¢ ÷ ÷ ¢« á÷,â®¡â® â÷, é®  ¯¨á ÷ ¡¥§¯®á¥à¥¤ì® á ¬¨¬¨ ª®à¨áâã¢ ç ¬¨.4.1 �¡ã¤®¢ ÷ äãªæ÷ù�® ¢¡ã¤®¢ ¨å  «¥� âì äãªæ÷ù, ïª÷ õ áª« ¤®¢®î ç áâ¨®î ¯à®£à ¬®£®á¥à¥¤®¢¨é  R.4.1.1 �à¨ä¬¥â¨ç÷ äãªæ÷ùabs(x) # ¬®¤ã«ì ¢¥«¨ç¨¨ xeiling(x) # ®ªàã£«¥ï ¤® æ÷«®£® ¢ ¡÷«ìèã áâ®à®ã,# eiling(9.435)# 10floor(x) # ®ªàã£«¥ï ¤® æ÷«®£® ¢ ¬¥èã áâ®à®ã,# floor(2.975) ¡ã¤¥ 2round(x, digits=n) # ®ªàã£«¥ï ¤® ¢ª § ®£® ç¨á«  digits# ¯÷á«ï ª®¬¨(ªà ¯ª¨),# round(5.475, digits=2) ¡ã¤¥ 5.48signif(x, digits=n) # ®ªàã£«¥ï ¤® ¢ª § ®£® ç¨á«  digits# § ãà åã¢ ï¬ ç¨á¥« ¯¥à¥¤ ª®¬®î# signif(3.475, digits=2) ¡ã¤¥ 3.5trun(x) # ¢÷¤ª¨¥ï § ç¥ì ¯÷á«ï ª®¬¨ (ªà ¯ª¨)# trun(4.99) ¡ã¤¥ 4os(x), sin(x), tan(x), aos(x), osh(x), aosh(x)



4.1 �¡ã¤®¢ ÷ äãªæ÷ù 33exp(x) # e^xlog(x) # «®£ à¨ä¬  âãà «ì¨© xlog10(x) # «®£ à¨ä¬ ¤¥áïâª®¢¨© xsqrt(x) # ª®à÷ì ª¢ ¤à â¨© x4.1.2 �ãªæ÷ù ¤«ï à®¡®â¨ § á¨¬¢®«ì¨¬¨ â¨¯ ¬¨ ¤ ¨ågrep(pattern, x , ignore.ase=FALSE, fixed=FALSE)# Ǒ®èãª § ç¥ì pattern á¥à¥¤ ¤ ¨å ¢ x ÷ ¯®¢¥à¥ï# § ç¥ï ÷¤¥ªáã e«¥¬¥âã, é® á¯÷¢¯ ¢grep("A", ("x","y","A","z"), fixed=TRUE)[1℄ 3substr(x, start=n1, stop=n2)# �¨¡÷à  ¡® § ¬÷  á¨¬¢®«÷¢ ¢¥ªâ®à  á¨¬¢®«ì®£® â¨¯ãsubstr(x, 2, 4)[1℄ "yxx"substr(x, 2, 4) <- "01100"print(x)[1℄ "z011wt"paste(..., sep="")# �¡'õ¤ ï á¨¬¢®«÷¢  ¡® àï¤ª÷¢# ¯÷á«ï ¢¨ª®à¨áâ ï á¨¬¢®«  ¢÷¤®ªà¥¬«¥ï, é® § ¤ õâìáï#  à£ã¬¥â®¬ sep=""paste("x",1:3,sep="")[1℄ "x1" "x2" "x3"paste("x",1:3,sep="val")[1℄ "xval1" "xval2" "xval3"strsplit(x, split) # �®§¤÷«ïõ ¥«¥¬¥â¨ ¢¥ªâ®à # x §  ¢ª § ¨¬ split ªà¨â¥à÷õ¬strsplit("ab", "")[[1℄℄[1℄ "a" "b" ""strsplit("ababab", ("","a"))[[1℄℄[1℄ "ab" "ab" "ab"split(1:10, 1:2)$`1`[1℄ 1 3 5 7 9$`2`[1℄ 2 4 6 8 10



34 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ Rsub(pattern, replaement, x, ignore.ase =FALSE, fixed=FALSE)# � å®¤¨âì pattern ¢ ®¡'õªâ÷ x# ÷ § ¬÷îõ   § ç¥ï § ¤¥¥ ¢ replaementsub("\\s","!","Ǒà¨¢÷â �á÷¬")[1℄ "Ǒà¨¢÷â!�á÷¬"toupper(x) # § ¬÷    �����ö �ö����toupper("¢¥«¨ª÷")[1℄ "�����ö"tolower("���ö �ö����") # § ¬÷    ¬ «÷[1℄ "¬ «÷ «÷â¥à¨"Ǒà¨ª« ¤¨ áâ â¨áâ¨ç¨å äãªæ÷ù ¤¨¢. áâà. 47 ¢ à®§¤÷«÷ "�â â¨áâ¨ª ".4.2 � ¯¨á ï ¢« á¨å äãªæ÷©�«ï à®§è¨à¥ï äãªæ÷® «ã ¯à®£à ¬®£® á¥à¥¤®¢¨é  ¢ R ÷áãõ ¬®�«¨-¢÷áâì  ¯¨á ï ¢« á¨å ®¢¨å äãªæ÷© . � £ «ì¨© á¨â ªá¨á ¢« á®ùäãªæ÷ù ¬ õ ¢¨£«ï¤funtionname <- funtion(arg1, arg2,...) {body # ¯¥¢¨© äãªæ÷® «ì¨© ª®¤ ã ¢¨£«ï¤÷  ¡®àã ª®¬ ¤,# §¬÷¨å, ª®áâ â, ®¯¥à â®à÷¢, ÷è¨å ¢�¥ ÷áãîç¨å äãªæ÷©.return(objet)}¤¥ funtionname - ÷¬'ï äãªæ÷, arg1, arg2,... - ¢å÷¤÷  à£ã¬¥â¨ äãªæ÷ù, body - â÷«® äãªæ÷ù, ª®¤ ïª¨© ¢¨ª®ãõ äãªæ÷ï, objet - à¥§ã«ìâ â, é®¯®¢¥àâ õâìáï ¢ à¥§ã«ìâ â÷ ¢¨ª® ï äãªæ÷ù. �ãªæ÷ù â ª®� ¬®�ãâì ¡ãâ¨÷ ¡¥§ ¢å÷¤¨å  à£ã¬¥â÷¢. Ǒà¨ª« ¤ äãªæ÷ù, à¥§ã«ìâ â®¬ ¢¨ª® ï ïª®ùõ ®¤®ç á¥ ¯à¥¤áâ ¢«¥ï á¥à¥¤ì®£® ÷ § ç¥ï á¥à¥¤ì®ª¢ ¤à â¨ç®£®¢÷¤å¨«¥ï> funátionAverageDev <- funtion(x){aver <- mean(x)stdev <- sd(x)(MEAN=aver, SD=stdev)}



4.2 � ¯¨á ï ¢« á¨å äãªæ÷© 35> funátionAverageDev(1:100)MEAN SD50.50000 29.01149�ãªæ÷ï funátionAverageDev() ¢¨ª«¨ª õ ¤¢÷ áâ ¤ àâ÷ äãªæ÷ù á¥à-¥¤®¢¨é  R : mean() ÷ sd(). �ãªæ÷î ¬®�  § ¯¨á â¨ ã áªà¨¯â®¢¨© ä ©« ÷¢¨ª«¨ª â¨ ùù ¤«ï ¢¨ª® ï § ä ©«ã. � ¯à¨ª« ¤ ä ©« avsqroot.R ¬÷áâ¨âìª®¤ äãªæ÷ù á¥à¥¤ì®£® ÷ ª¢ ¤à âã á¥à¥¤ì®£® § ç¥ï> funátionAvSqroot <- funtion(x){aver <- mean(x)sq <- sqrt(aver)(MEAN=aver, SquareRoot=sq)}Ǒ¥à¥¤ ¢¨ª«¨ª®¬ äãªæ÷ù § áªà¨¯â®¢®£® ä ©«ã ¥®¡å÷¤® ¢ª § â¨ ÷¬'ïä ©« , ¤¥ § å®¤¨âìáï äãªæ÷ï, §  ¤®¯®¬®£®î ª®¬ ¤¨ soure().> funátionAvSqroot(1:100)Error: ould not find funtion "funátionAvSqroot"> soure("avsqroot.R")> funátionAvSqroot(1:100)MEAN SquareRoot50.500000 7.106335�¨ª®à¨áâ ï áªà¨¯â®¢®£® ä ©«ã ¤«ï § ¯¨áã äãªæ÷ù õ §àãç¨¬ ¢ á¨â-ã æ÷ïå ª®«¨ â÷«® äãªæ÷ù ¬÷áâ¨âì ª®¤ § ç®£® ®¡'õ¬ã.4.2.1 �à£ã¬¥â¨ ÷ §¬÷÷ äãªæ÷ù�¨â ªá § £®«®¢ªã äãªæ÷ù ¢ª §ãõ ç¨  à£ã¬¥â äãªæ÷ù õ ®¡®¢'ï§ª®¢¨¬ ç¨¬®�¥ ¢ª §ã¢ â¨áï ®¯æ÷® «ì®. � ¢¨¯ ¤ªã ïªé® ®¡®¢'ï§ª®¢¨©  à£ã¬¥â¥ ¢ª § ¨©, â® ¯à¨ ¢¨ª® ÷ äãªæ÷ù ¢¨¨ª¥ ¯®¬¨«ª .> power <- funtion(x,n=3){x^n}> power()Error in x^n : 'x' is missing> power(2)



36 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ R[1℄ 8 à£ã¬¥â n - ¥ õ ®¡®¢'ï§ª®¢¨¬, ®¤ ª ¬®�¥ ¯à¨©¬ â¨ ÷è¥ § ç¥ï.> power(2,6)[1℄ 64�à£ã¬¥â ¬¨ äãªæ÷© ¬®�ãâì ¡ãâ¨ â ª®� ®¡'õªâ¨ ¡ã¤ì-ïª®£® â¨¯ã,  ¢÷âìäãªæ÷ù.> exampl <- funtion(x, funtion2){ x <- runif(x)funtion2(x)}> exampl(5,log)[1℄ -0.5747896 -0.6354184 -0.8888178 -0.2795405 -0.7150940�áâ ÷© ¢¨à § ¢ â÷«÷ äãªæ÷ù õ à¥§ã«ìâ â®¬ ¢¨ª® ï äãªæ÷ù. � ¤ ®¬ã¢¨¯ ¤ªã ¨¬ ¬®�¥ ¡ãâ¨ â÷«ìª¨ ®¤¥ § ç¥ï ®¡'õªâã.> myf <- funtion(x,y){z1 <- sin(x)z2 <- os(y)z1+z2}� ç¥ï ª÷«ìª®å ®¡'õªâ÷¢ ¬®�  ®âà¨¬ â¨ ¢¨ª®à¨áâ®¢ãîç¨ á¯¨á®ª.> myf <- funtion(x,y){z1 <- sin(x)z2 <- os(y)list(z1,z2)}�®¡ ¢¨©â¨ § äãªæ÷ù à ÷è¥ ®áâ ì®ù «÷÷ù ª®¤ã ¢¨ª®à¨áâ®¢ãõâìáïäãªæ÷ï return(). �ã¤ì-ïª¨© ª®¤ ¯÷á«ï return() ÷£®àãõâìáï.> myf <- funtion(x,y){z1 <- sin(x)z2 <- os(y)if(z1 < 0){return( list(z1,z2))else{



4.3 �¯à ¢«÷ï ¯®â®ª ¬¨ - â¥áâ¨ ÷ æ¨ª«¨ 37return( z1+z2)}}�¬÷÷ ¢ á¥à¥¤¨÷ äãªæ÷ù õ «®ª «ì¨¬¨ §¬÷¨¬¨. �®ª «ì÷ §¬÷÷ ¥¢§ õ¬®¤÷îâì/¯¥à¥ªà¨¢ îâìáï § ®¡'õªâ ¬¨ ¯®§  ¬¥� ¬¨ äãªæ÷ù (£«®¡ «ì¨-¬¨ §¬÷¨¬¨) ÷ ÷áãîâì â÷«ìª¨ ¢ ¬¥� å á ¬®ù äãªæ÷ù. �ªé® §¬÷  § å-®¤¨âìáï ¢ â÷«÷ äãªæ÷ù â® æï §¬÷  ¯®¢¥àâ õâìáï ïª à¥§ã«ìâ â äãªæ÷ù> y <- 0> funtionY <- funtion(){y <- 10}> print(funtionY())[1℄ 10> print(y)[1℄ 0�à£ã¬¥â ... ¢¨ª®à¨áâ®¢ãõâìáï ¤«ï ¯¥à¥¤ ç÷  à£ã¬¥â÷¢ § ®¤÷õù äãªæ-÷ù ¢ ÷èã. � ïª®áâ÷ ... ¬®�ãâì ¢¨ª®à¨áâ®¢ã¢ â¨áï  à£ã¬¥â¨ ã ¢¨£«ï¤÷§¬÷¨å  ¡® ÷è¨å äãªæ÷©. � ¯à¨ª« ¤> produt <- funtion(x,...) {arguments <- list(...)for (y in arguments)x <- x*yx}> produt(10,10,10)1000> plotfun <- funtion(upper = pi, ...){ x <- seq(0,upper,l = 100)plot(x,..., type = "l", ol="blue")}> plotfun(tan(x))4.3 �¯à ¢«÷ï ¯®â®ª ¬¨ - â¥áâ¨ ÷ æ¨ª«¨4.3.1 �ãªæ÷ù if ÷ swith� £ «ì¨© á¨â ªá¨á ª®áâàãªæ÷ù if() (if-else()) ¬ õ ¢¨£«ï¤



38 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ Rif(test){ ...÷áâ¨¥ â¢¥à¤�¥ï...}else{ ...å¨¡¥ â¢¥à¤�¥ï...}¤¥ test - «®£÷ç¨© ¢¨à §. �ªé® à¥§ã«ìâ â®¬ ¢¨ª® ï «®£÷ç®£® ¢¨à §ã¡ã¤¥ TRUE, ¢¨ª®ã¢ â¨¬¥âìáï ª®¤ § ª«îç¥¨© ¢ ç áâ¨÷, é® ¢÷¤¯®¢÷¤ õ÷áâ¨®¬ã â¢¥à¤�¥î. � ¢¨¯ ¤ªã FALSE ¢¨ª®ã¢ â¨¬¥âìáï ª®¤, é® § å-®¤¨âìáï ¢ ç áâ¨÷ å¨¡¥ â¢¥à¤�¥ï. �«®ª else ¬®�¥ ¡ãâ¨ ¢÷¤áãâ÷¬.> ompare <- funtion(x, y){n1 <- length(x)n2 <- length(y)if(n1 != n2){if(n1 > n2){z=(n1 - n2)at("�÷¢  §¬÷  ¬ õ   ",z," ¥«¥¬¥â(÷¢) ¡÷«ìè¥ \n")}else{z=(n2 - n1)at("Ǒà ¢  §¬÷  ¬ õ   ",z," ¥«¥¬¥â(÷¢) ¡÷«ìè¥ \n")}}else{at("�¤¨ ª®¢  ª÷«ìª÷áâì ¥«¥¬¥â÷¢ ",n1,"\n")}}> x <- (1:4)> y <- (1:9)> ompare(x, y)Ǒà ¢  §¬÷  ¬ õ   5 ¥«¥¬¥â(÷¢) ¡÷«ìè¥�¨ª®à¨áâ ï äãªæ÷ù swith() ¬ õ  áâã¯¨© á¨â ªá¨á> swith(objet,"value1" = {expr1},"value2" = {expr2},"value3" = {expr3},{other expressions}



4.3 �¯à ¢«÷ï ¯®â®ª ¬¨ - â¥áâ¨ ÷ æ¨ª«¨ 39)�ªé® ®¡'õªâ objet ¬ õ § ç¥ï value2 â® ¢¨ª®ãõâìáï ª®¤ expr2,ïªé® value1 â® expr1 ¢÷¤¯®¢÷¤® ÷ â¤. � ¢¨¯ ¤ªã ª®«¨ ¥ ¬ õ á¯÷¢¯ ¤÷ì,â®¤÷  ¡® ¢¨ª®ãõâìáï ª®¤ other expressions,  ¡® à¥§ã«ìâ â®¬ ¡ã¤¥ NULL ã¢¨¯ ¤ªã ¢÷¤áãâ®áâ÷ other expressions.> x <- letters[floor(1+runif(1,0,5))℄> y <- swith(x,a="Bonjour",b="Gutten Tag",="Hello",d="Ǒà¨¢÷â",e="Czes")> print(y)4.3.2 �¨ª«¨ § ¢¨ª®à¨áâ ï¬ for, while ÷ repeat�®áâàãªæ÷ù for(), while() ÷ repeat() ¢¨ª®à¨áâ®¢ãîâìáï ¯à¨ ®à£ ÷§ æ÷ùæ¨ª«÷¢ ¢ R ÷ ¬ îâì  áâã¯¨© á¨â ªá¨á:1. ª®áâàãªæ÷ï forfor (i in for_objet){ some_expressions}¤¥ some{expressions - ¢¨à §, é® ¢¨ª®ãõâìáï ª®�¥ à § ¤«ï ª®�®£® ÷-£®¥«¥¬¥âã ®¡'õªâ  for{objetǑà¨ª« ¤ äãªæ÷ù xn> ninpower <- funtion(x, power){for(i in 1:length(x)){ x[i℄ <- x[i℄^power}x}> ninpower(1:5,2)[1℄ 1 4 9 16 25�¡'õªâ for{objet ¬®�¥ ¡ãâ¨ ¢¥ªâ®à®¬, ¬ á¨¢®¬, ¤ â  äà¥©¬®¬,  ¡®á¯¨áª®¬.



40 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ R2. ª®áâàãªæ÷ï whilewhile (logial ondition){ some expressions}some expressions - ¯¥¢¨© ¢¨à § ¢¨ª®ãõâìáï ¤®â¨ ¤®ª¨ «®£÷ç¨© ¢¨à §logial ondition ¥ áâ ¥ FALSE.Ǒà¨ª« ¤> itershow <- funtion(){tmp <- 0z <- 0while(tmp < 150){tmp <- tmp + rbinom(1,5,0.5)print(tmp)z <- z +1}at(" �«ï ¢¨å®¤ã § æ¨ª«ã ¢¨ª® ® ",z," ÷â¥à æ÷© \n")}3. ª®áâàãªæ÷ï repeatrepeat{ some expressions}�¨ª® ï ¢¨à §ã some expressions ¯®¢â®àîõâìáï ¡¥§ª÷¥çã ª÷«ìª÷-áâì à §÷¢ ¤®â¨, ¯®ª¨ ¥ ¢÷¤¡ã¤¥âìáï ¢¨ª® ï ª®¬ ¤¨ break ¯à¨§ ç¥®ù¤«ï ¢¨å®¤ã § ¤ ®ù ª®áâàãªæ÷ù æ¨ª«ã.> itershow2 <- funtion(){tmp <- 0z <- 0repeat{tmp <- tmp + rbinom(1,5,0.5)z <- z +1if (tmp > 100) break}at(" �«ï ¢¨å®¤ã § æ¨ª«ã ¢¨ª® ® ",z," ÷â¥à æ÷ù \n")}



4.4 �÷¬¥©áâ¢® apply äãªæ÷© 41> itershow2()�«ï ¢¨å®¤ã § æ¨ª«ã ¢¨ª® ® 43 ÷â¥à æ÷ù> repeat {g <- rnorm(1)if (g > 2.0) breakat(g);at("\n")}� àâ® § § ç¨â¨, é® ¡÷«ìè ¥ä¥ªâ¨¢¨¬ § â®çª¨ §®àã à®§¯®¤÷«ã à¥áãà-áã ÷ ç áã ¥®¡å÷¤¨å   ¢¨ª® ï ª®¤ã ¢ á¥à¥¤®¢¨é÷ R õ ¢¨ª®à¨áâ ï¢¡ã¤®¢ ¨å äãªæ÷© ( ¯à¨ª« ¤ apply äãªæ÷ù),   ¢÷¤¬÷ã ¢÷¤ ¢¨é¥ ®¯¨-á ¨å äãªæ÷® «ì¨å ª®áâàãªæ÷©.4.4 �÷¬¥©áâ¢® apply äãªæ÷©� R ÷áãõ ª÷«ìª  äãªæ÷©, ïª÷ ¤®§¢®«ïîâì ã¨ª â¨ ¢¨ª®à¨áâ ï æ¨ª«÷¢.�® ¨å  «¥� âì äãªæ÷ù § á÷¬¥©áâ¢  äãªæ÷© apply,   â ª®� äãªæ÷ùby() ÷ outer(). �¨ª®à¨áâ ï äãªæ÷© ¤®§¢®«ïõ ¥ä¥ªâ¨¢÷è¥ ¯à®¢®¤¨-â¨ ®¡à åãª¨ ¥«¥¬¥â÷¢ ¢¥ªâ®à÷¢, ¬ á¨¢÷¢, á¯¨áª÷¢, ¤ â äà¥©¬÷¢ ã¨ª î-ç¨ ¢¨ª®à¨áâ ï æ¨ª«÷¢. �á®¡«¨¢® ¢÷¤çãâ® ¢ á¨âã æ÷ïå ¤¥ ¬ îâì ¬÷áæ¥®¯¥à æ÷ù § ¢¥«¨ª¨¬¨ ®¡'õ¬ ¬¨ ¤ ¨å.4.4.1 �ãªæ÷ï apply()�ãªæ÷ï apply() ¤®§¢®«ïõ ¯à®¢®¤¨â¨ ®¯¥à æ÷ù/®¡à åãª¨   ¥«¥¬¥â å(àï¤ª å  ¡® áâ®¢¡ç¨ª å) ¬ á¨¢ã. C¨â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤apply(x, margin, fun, ...)¤¥ x - ¬ á¨¢(¬ âà¨æï) ¤ ¨å, margin - 1 (àï¤ª¨), 2 (áâ®¢¡ç¨ª¨)  ¡® 1:2(¯® ¥«¥¬¥â®), fun - äãªæ÷ï, ïª  § áâ®á®¢ãõâìáï ¤® ¥«¥¬¥â÷¢ ¬ á¨¢ã.Ǒà¨ª« ¤¨# ¥à¥¤õ § ç¥ï ¯® àï¤ª å> m <- matrix(10:29, nrow = 10, nol = 2)> apply(m,1,mean)[1℄ 15 16 17 18 19 20 21 22 23 24# ¥à¥¤õ § ç¥ï ¯® áâ®¢¡ç¨ª å> m <- matrix(10:29, nrow = 10, nol = 2)> apply(m,2,mean)[1℄ 14.5 24.5



42 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ R�ãªæ÷ï apply() ¬®�¥ ¢¨ª®à¨áâ®¢ã¢ â¨áï ¥ â÷«ìª¨ § ¢¡ã¤®¢ ¨¬¨äãªæ÷ï¬¨ R  «¥ ©  ¯¨á ¨¬¨ ¡¥§¯®á¥à¥¤ì® ª®à¨áâã¢ ç ¬¨.# ¢á÷ ¥«¥¬¥â¨ ¬ á¨¢ã ¤÷«ïâìáï   10> apply(m, 1:2, funtion(x) x/10)[,1℄ [,2℄[1,℄ 1.0 2.0[2,℄ 1.1 2.1[3,℄ 1.2 2.2[4,℄ 1.3 2.3[5,℄ 1.4 2.4[6,℄ 1.5 2.5[7,℄ 1.6 2.6[8,℄ 1.7 2.7[9,℄ 1.8 2.8[10,℄ 1.9 2.9# ®¡à åã®ª § £ «ì®ù ª÷«ìª®áâ÷ ¥«¥¬¥â÷¢# ïª÷ ¡÷«ìè÷ §  15> tresh <- funtion(x,y){> sum(x>y)> }> apply(m,2,tresh,15)[1℄ 4 104.4.2 �ãªæ÷ù lapply(),sapply() ÷ repliate()�ãªæ÷ï lapply() ¤®§¢®«ïõ ¯à®¢®¤¨â¨ ®¯¥à æ÷ù/®¡à åãª¨   ª®¬¯®¥â åá¯¨áª÷¢.> l1 <- list(a = 1:10, b = 11:20,  = 21:30)> lapply(l1, mean)$a[1℄ 5.5$b[1℄ 15.5$[1℄ 25.5# § áâ®áã¢ ï äãªæ÷ù is.numeri ¤® ª®¬¯®¥â÷¢ á¯¨áªã



4.4 �÷¬¥©áâ¢® apply äãªæ÷© 43# äãªæ÷ï is.numeri ¯®¢¥àâ õ «®£÷ç¥ § ç¥ï TRUE# ïªé® §¬÷ /ª®¬¯®¥â ¬÷áâ¨âì ç¨á«®¢÷ § ç¥ï> l2 <- list(a = 1:10, b = 'Tekst',  = TRUE)> lapply(l2, is.numeri)$a[1℄ TRUE$b[1℄ FALSE$[1℄ FALSE�ãªæ÷ï sapply() ¬®�¥ à®§£«ï¤ã¢ â¨áï ïª á¯à®é¥¨© ¢ à÷ â äãªæ-÷ù lapply(). �  ¢÷¤¬÷ã ¢÷¤ äãªæ÷ù lapply() à¥§ã«ìâ â®¬ ¢¨ª® ï ïª®ùõ á¯¨á®ª, äãªæ÷ï sapply() ¯®¢¥àâ õ à¥§ã«ìâ â ã ¢¨£«ï¤÷ ¢¥ªâ®à   ¡®¬ âà¨æ÷ (ïªé® â ª¥ ¬®�«¨¢®, ïªé® ÷ â® à¥§ã«ìâ â®¬ ¡ã¤¥ ®¡'õªâ §÷ áâà-ãªâ®à®î á¯¨áªã).> l1 <- list(a = 1:10, b = 11:20,  = 21:30)> sapply(l1,mean)a b 5.5 15.5 25.5�ãªæ÷ï repliate() õ á¢®£® à®¤ã ®¡£®àâª®î ¤® äãªæ÷ù sapply(), ïª ¤®§¢®«ïõ ¯à®¢¥áâ¨ á¥à÷î ®¡à åãª÷¢, §¤¥¡÷«ìè®£® £¥¥àã¢ ï á¥à÷ù ¢¨-¯ ¤ª®¢¨å ç¨á¥«. C¨â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤repliate(n,expr,simplify=TRUE)¤¥ n - ç¨á«® à¥¯«÷ª æ÷© (¯®¢â®à÷¢), expr - äãªæ÷ï  ¡® ¢¨à § é® ¯®¢â®àî-õâìáï, ¥®¡®¢'ï§ª®¢¨© ¯ à ¬¥âà simplify=TRUE ¯à®¡ãõ á¯à®áâ¨â¨ à¥§ã«ì-â â ÷ ¯à¥¤áâ ¢¨â¨ ã ¢¨£«ï¤÷ ¢¥ªâ®à   ¡® ¬ âà¨æ÷ § ç¥ì.> repliate(5, runif(10))> hist(repliate(50, mean(rexp(10))))4.4.3 �ãªæ÷ï rapply()�ãªæ÷ï rapply() ¤®§¢®«ïõ § áâ®á®¢ã¢ â¨ ®¯¥à æ÷ù/®¡à åãª¨   ª®¬¯®¥â åá¯¨áª÷¢ ÷ ¯à¥¤áâ ¢«ïâ¨ à¥§ã«ìâ â ã ¢¨£«ï¤÷ ¢¥ªâ®àã  ¡® á¯¨áªã. �¨â ªá¨áäãªæ÷ù ¬ õ ¢¨£«ï¤



44 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ Rrapply(X, FUN, how = ("unlist", "replae", "list"))¤¥ x - á¯¨á®ª ¤ ¨å, fun - äãªæ÷ï, ïª  § áâ®á®¢ãõâìáï ¤® ¥«¥¬¥â÷¢ ¬ á¨-¢ã, how -  à£ã¬¥â, ïª¨© ®ªà¥á«îõ ¢ ïª®¬ã ¢¨£«ï¤÷ ¡ã¤¥ ¯à¥¤áâ ¢«¥®à¥§ã«ìâ â (ã ¢¨£«ï¤÷ á¯¨áªã  ¡® ¯®¤¥ä®«âã ã ¢¨£«ï¤÷ ¢¥ªâ®à )> l1 <- list(a = 1:10, b = 11:20,  = 21:30)> rapply(l1,funtion(x) x^2)a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 b1 b2 b3 b4 b5 b61 4 9 16 25 36 49 64 81 100 121 144 169 196 225 256b7 b8 b9 b10 1 2 3 4 5 6 7 8 9 10289 324 361 400 441 484 529 576 625 676 729 784 841 900> rapply(l1,funtion(x) x^2, how="list")$a[1℄ 1 4 9 16 25 36 49 64 81 100$b[1℄ 121 144 169 196 225 256 289 324 361 400$[1℄ 441 484 529 576 625 676 729 784 841 9004.4.4 �ãªæ÷ï tapply()�ãªæ÷ï tapply() ¤®§¢®«ïõ à®§¤÷«¨â¨ ¢¥ªâ®à ¤ ¨å   £àã¯¨, é® ª« á¨ä-÷ªãîâìáï ¯¥¢¨¬ ä ªâ®à®¬ ÷ § áâ®áã¢ â¨ § ¤ ã äãªæ÷î ¤® æ¨å £àã¯.�¨â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤tapply(x, index, fun, ...)"¤¥ x - ¢¥ªâ®à § ç¥ì, index - ä ªâ®à, â÷õù � à®§¬÷à®áâ÷ é® ÷ x, fun -äãªæ÷ï é® § áâ®á®¢ãõâìáï ¤® £àã¯, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨.> x <- sample(1:4, size=50, rep=T)> y <- as.fator(sample(("A","B","C","D"), size=50, replae=T))> tapply(x,y,sum)A B C D29 25 30 37



4.4 �÷¬¥©áâ¢® apply äãªæ÷© 454.4.5 �ãªæ÷ï by()�ãªæ÷ï by() á¢®£® à®¤ã õ   «®£®¬ ¢¨é¥ §£ ¤ ®ù äãªæ÷ù tapply(), §â÷õî à÷§¨æ¥î, é® äãªæ÷ï by() § áâ®á®¢ãõâìáï ¤® ¤ â äà¥©¬÷¢. � â äà-¥©¬ à®§¤÷«ïõâìáï/ª« á¨ä÷ªãõâìáï ä ªâ®à ¬¨   ¯÷¤¬®�¨ã ¤ â äà-¥©¬÷¢ ÷ ¤® ª®�®ù ¯÷¤¬®�¨¨ § áâ®á®¢ãõâìáï äãªæ÷ï. C¨â ªá¨á by()¬ õ ¢¨£«ï¤by(data, indees, fun, ...)¤¥ data -  ¡÷à ¤ ¨å ã ¢¨£«ï¤÷ ¤ â äà¥©¬ã, indees - ä ªâ®à  ¡® á¯¨á®ªä ªâ®à÷¢, fun - äãªæ÷ï, é® § áâ®á®¢ãõâìáï ¤® ¯÷¤¬®�¨¨ ¤ â äà¥©¬÷¢ª« á¨ä÷ª®¢ ¨å ä ªâ®à®¬, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨. Ǒà¨ª« ¤ ¢¨ª®à¨-áâ ï äãªæ÷ù by() ¤«ï ®ªà¥á«¥ï á¥à¥¤ì®¬÷áïç¨å ¯®£®¤÷å ¯®ª §¨-ª÷¢ (â¥¬¯¥à âãà¨ oC, è¢¨¤ª®áâ÷ ¢÷âà  ¬/á, ª÷«ìª®áâ÷ ®¯ ¤÷¢ ¬¬)> weather <- data.frame(temperature=round(runif(30)*30),windspeed=round(runif(30)*10,1),opady=runif(30)*50,period=sample(('Day','Night'),30,replae=TRUE))> res <- by(weather[,1:3℄,weather$period,mean)> resweather$period: Daytemperature windspeed opady12.94444 4.90000 26.69330------------------------------------------------------------weather$period: Nighttemperature windspeed opady9.916667 4.041667 25.5853814.4.6 �ãªæ÷ï outer()�ãªæ÷ï outer() ¤®§¢®«ïõ ¢¨ª®ã¢ â¨ ®¯¥à æ÷ù  ¤ ¥«¥¬¥â ¬¨ 2-å ¬ á¨-¢÷¢  ¡® ¢¥ªâ®à÷¢, ã¨ª îç¨ ï¢®£® ¢¨ª®à¨áâ ï æ¨ª«÷¢. �¨â ªá¨á äãªæ-÷ù ¬ õ ¢¨£«ï¤outer(x, y, fun="*", ...)¤¥ x,y - ¬ á¨¢  ¡® ¢¥ªâ®à ¤ ¨å, fun - § ¤ õ äãªæ÷î  ¡® ®¯¥à æ÷î, ïª ¢¨ª®ãõâìáï ¬÷� ¥«¥¬¥â ¬¨ x   y. Ǒ® ¤¥ä®«âã ¢¨ª®ãõâìáï ®¯¥à æ÷ï¬®�¥ï x â  y.> x <- 1:5> y <- 1:5> z <- outer(x,y)> z



46 4 �ãªæ÷ù ÷ ª®áâàãªæ÷ù ¢ R[,1℄ [,2℄ [,3℄ [,4℄ [,5℄[1,℄ 1 2 3 4 5[2,℄ 2 4 6 8 10[3,℄ 3 6 9 12 15[4,℄ 4 8 12 16 20[5,℄ 5 10 15 20 25�ª®à®ç¥¨¬ § ¯¨á®¬ äãªæ÷ù outer() õ ®¯¥à â®à%o%. > x %o% y[,1℄ [,2℄ [,3℄ [,4℄ [,5℄[1,℄ 1 2 3 4 5[2,℄ 2 4 6 8 10[3,℄ 3 6 9 12 15[4,℄ 4 8 12 16 20[5,℄ 5 10 15 20 25�®¤ ¢ ï ¤¢®å ¢¥ªâ®à÷¢> x <- 1:5> y <- 1:5> z <- outer(x,y,"+")> z [,1℄ [,2℄ [,3℄ [,4℄ [,5℄[1,℄ 2 3 4 5 6[2,℄ 3 4 5 6 7[3,℄ 4 5 6 7 8[4,℄ 5 6 7 8 9[5,℄ 6 7 8 9 10�¨ª®à¨áâ®¢ãîç¨ äãªæ÷î outer() à §®¬ § äãªæ÷õî paste() ¬®� £¥¥àã¢ â¨ ãá÷ ¬®�«¨¢÷ ª®¬¡÷ æ÷©   ®á®¢÷ ¥«¥¬¥â÷¢ ¢¥ªâ®à÷¢> x <- ("A", "B", "C", "D")> y <- 1:10> z <- outer(x, y, paste, sep="")> z [,1℄ [,2℄ [,3℄ [,4℄ [,5℄ [,6℄ [,7℄ [,8℄ [,9℄ [,10℄[1,℄ "A1" "A2" "A3" "A4" "A5" "A6" "A7" "A8" "A9" "A10"[2,℄ "B1" "B2" "B3" "B4" "B5" "B6" "B7" "B8" "B9" "B10"[3,℄ "C1" "C2" "C3" "C4" "C5" "C6" "C7" "C8" "C9" "C10"[4,℄ "D1" "D2" "D3" "D4" "D5" "D6" "D7" "D8" "D9" "D10"



5�â â¨áâ¨ª 
� ¨© à®§¤÷« ¤¥¬®áâàãõ, ïª ¢¨ª®à¨áâ®¢ãîç¨ ¯à®áâ¨© á¨â ªá¨á R ¬®� ¯à¥¤áâ ¢¨â¨ ã§ £ «ì¥ã áâ â¨áâ¨çã ÷ä®à¬ æ÷î, £¥¥àã¢ â¨ ¢¨¯ ¤ª®¢÷ç¨á«  ¢÷¤¯®¢÷¤®£® áâ â¨áâ¨ç®£® à®§¯®¤÷«ã, á¯à®£®§ã¢ â¨, ¤®¯ áã¢ â¨÷ §¬®¤¥«î¢ â¨ ¤ ÷, ¯à®¢¥áâ¨ áâ â¨áâ¨ç¨©   «÷§ §¢'ï§ªã/§ «¥�®áâ¥©¬÷� §¬÷¨¬¨ à÷§®£® áâã¯¥ï áª« ¤®áâ÷. �á¥ æ¥ à¥ «÷§ãõâìáï áâ ¤ à-â¨¬¨ äãªæ÷ï¬¨ ¯ ª¥âã R. �  á ©â÷ CRAN 1 ÷áãîâì ¤®¤ âª®¢÷ ¯ ª¥â¨,é® à®§è¨àîîâì áâ â¨áâ¨ç÷ ¬®�«¨¢®áâ÷ R, ïª÷ ®¤ ª ¥ õ ¯à¥¤¬¥â®¬à®§£«ï¤ã ¤ ®£® à®§¤÷«ã.5.1 �á®¢÷ áâ â¨áâ¨ç÷ äãªæ÷ù�§ £ «ìîîç  (®¯¨á®¢ ) áâ â¨áâ¨ª  ¤ ¨å ¢ R §¤÷©áîõâìáï §  ¤®¯®¬®£®î¡ §®¢¨å áâ â¨áâ¨ç¨å äãªæ÷© , ¯à¥¤áâ ¢«¥¨å ¢ â ¡«¨æ÷.� §®¢÷ áâ â¨áâ¨ç÷ äãªæ÷ùmean(x) # á¥à¥¤õ  à¨ä¬¥â¨ç¥ § ç¥ì ®¡'õªâã xsd(x) # á¥à¥¤ì®-ª¢ ¤à â¨ç¥ ¢÷¤å¨«¥ï x.var(x) # ¤¨á¯¥àá÷ï xmedian(x) # ¬¥¤÷   xquantile(x, probs) # ª¢ â¨«ì §¬÷®ù x, ¤¥ x - ç¨á«®¢¨© ¢¥ªâ®à# probs - ç¨á«®¢¨© ¢¥ªâ®à ©¬®¢÷à®áâ¥©sum(x), # áã¬  ¯® åmin(x) # ¬÷÷¬ «ì¥ § ç¥ï xmax(x) # ¬ ªá¨¬ «ì¥ § ç¥ï xrange(x) # ¬÷÷¬ «ì¥ ÷ ¬ ªá¨¬ «ì¥ §# ¤÷ ¯ §®ã § ç¥ì xǑà¨ª« ¤¨ ¢¨ª®à¨áâ ï ¡ §®¢¨å áâ â¨áâ¨ç¨å äãªæ÷©
1 http://ran.r-projet.org/web/pakages/



48 5 �â â¨áâ¨ª > x <- (-5:10)> mean(x)[1℄ 2.5> sd(x)[1℄ 4.760952> var(x)[1℄ 22.66667> median(x)[1℄ 2.5> quantile(x, (.3,.75)) # 30-© and 75-© ¯à®æ¥â¨«÷ x30% 75%-0.50 6.25> sum(x)[1℄ 40> min(x)[1℄ -5> max(x)[1℄ 10> range(x)[1℄ -5 10� §®¢÷ áâ â¨áâ¨ç÷ äãªæ÷ù ¢¨ª®à¨áâ®¢ãîâìáï ïª ®ªà¥¬® â ª ÷ ¢ ª®¬¡÷ æ÷ù§ apply äãªæ÷ï¬¨, é® ¤®§¢®«ïõ § áâ®á®¢ã¢ â¨ ùå ¤® á¯¨áª÷¢  ¡® ¤ â äà-¥©¬÷¢. �¥å © ¬ õ¬® ªãàá¨ ¢ «îâ:  ¬¥à¨ª áìª®£® ¤®« à  - USD,õ¢à® -EURO, è¢¥©æ àáìª®£® äà ª  - CHF, §  ¯¥à÷®¤ § 06.09.2010 ¯® 10.09.2010ã ¢¨£«ï¤÷ ¤ â äà¥©¬ã. Ǒà¥¤áâ ¢¨¬® á¥à¥¤õ § ç¥ï ªãàá÷¢ ¢ «îâ ¯à®â-ï£®¬ ¢¨¡à ®£® â¨�ï § ¢¨ª®à¨áâ ï¬ äãªæ÷ù sapply()> EURO <- (1014.9384, 1018.1017, 1007.821, 1004.1042,1005.5276)> USD <- (790.82,790.82,790.82,790.82,790.82)> CHF <- (778.148,778.9607,781.075,782.1953,781.9641)> kursy <- (EURO,USD,CHF)> sapply(kursy,mean)EURO USD CHF1010.0986 790.8200 780.4686



5.2 �ãªæ÷ù à®§¯®¤÷«ã ©¬®¢÷à®áâ¥© 49�à÷¬ â®£® ¢ R ÷áãîâì ¢¡ã¤®¢ ÷ ã§ £ «ìîîç÷, â ª §¢ ÷, generi äãªæ-÷ù summary(), fivenum() ¯à¨§ ç¥÷ ¤«ï à®§à åãªã ÷ ®¤®ç á®£® ¯à-¥¤áâ ¢«¥ï § ç¥ì ®á®¢¨å áâ â¨áâ¨ç¨å ¯®ª §¨ª÷¢. �¥§ã«ìâ â®¬ ¢¨-ª®à¨áâ ï äãªæ÷ù summary() õ § ç¥ï ¬ ªá¨¬ «ì®£® ÷ ¬÷÷¬ «ì®£®,á¥à¥¤ì®£® áâ â¨áâ¨ç®£®, ¬¥¤÷ ¨, 1-£® â  3-£® ª¢ àâ¨«÷¢> summary(EURO)Min. 1st Qu. Median Mean 3rd Qu. Max.1004 1006 1008 1010 1015 1018�ãªæ÷ï fivenum() õ  «ìâ¥à â¨¢®î generi äãªæ÷õî, ¯®¢¥àâ õ § ç¥ï¬÷÷¬ «ì®£®, 3-å  ©¢ �«¨¢÷è¨å ª¢ â¨«÷¢ ( 1-£®, ¬¥¤÷ ¨ â  3-£® ª¢ à-â¨«÷¢) ÷ ¬ ªá¨¬ «ì¥ § ç¥ï.> fivenum(EURO)[1℄ 1004.104 1005.528 1007.821 1014.938 1018.1025.2 �ãªæ÷ù à®§¯®¤÷«ã ©¬®¢÷à®áâ¥©� á¥à¥¤®¢¨é÷ R à¥ «÷§®¢ ®  ¡÷à äãªæ÷© £ãáâ¨¨, äãªæ÷ù à®§¯®¤÷«ã,ª¢ â¨«÷¢ ¡÷«ìè®áâ÷ à®§¯®¤÷«÷¢ ©¬®¢÷à®áâ¥©. � §¢¨ ¬ ©�¥ ¢á÷å äãªæ÷©à®§¯®¤÷«ã ©¬®¢÷à®áâ¥©  á«÷¤ãîâì  áâã¯ã ª®¢¥æ÷î § ¯¨áã: áª« ¤ îâìáï§ ¯¥àè®ù «÷â¥à¨ ¢÷¤¯®¢÷¤®ù äãªæ÷ù�ãªæ÷ï £ãáâ¨¨ ©¬®¢÷à®áâ¥© d�ãªæ÷ù à®§¯®¤÷«ã ©¬®¢÷à®áâ¥© p�¢ â¨«ì®ù äãªæ÷ù q�¥¥à â®à ¢¨¯ ¤ª®¢¨å ç¨á¥« r÷ áª®à®ç¥®ù  §¢¨ à®§¯®¤÷«ã ©¬®¢÷à®áâ¥©.�÷«ìª  ¯à¨ª« ¤÷¢ ¯®è¨à¥¨å   ¯à ªâ¨æ÷ à®§¯®¤÷«÷¢�ãªæ÷ù ®à¬ «ì®£® à®§¯®¤÷«ãdnorm(x) # �®à¬ «ì¨© à®§¯®¤÷«  ¡® à®§¯®¤÷« � ãá pnorm(q) # (ª®¬ã«ïâ¨¢ ) äãªæ÷ï à®§¯®¤÷«ã ©¬®¢÷à®áâ¥©qnorm(p) # ª¢ â¨«ì ®à¬ «ì®£® à®§¯®¤÷«ãrnorm(n, m=0,sd=1) # £¥¥à â®à n ¢¨¯ ¤ª®¢¨å ¢¥«¨ç¨ §# ®à¬ «ì®£® à®§¯®¤÷«ã# ¤¥  à£ã¬¥â¨ m - á¥à¥¤õ  à¨ä¬¥â¨ç¥,# sd - á¥à¥¤ì®-ª¢ ¤à â¨ç¥ ¢÷¤å¨«¥ï.Ǒà¨ª« ¤¨> x <- seq(-10,10,by=.1)> y1 <- dnorm(x)



50 5 �â â¨áâ¨ª > plot(x,y1)> y2 <- pnorm(x)> plot(x,y2)> y3 <- qnorm(x)> plot(x, y3)> z <- rnorm(1000) # £¥¥à æ÷ï 1000 ¢¨¯ ¤ª®¢¨å ç¨á¥«# § ®à¬ «ì®£® à®§¯®¤÷«ã (m = 0, sd= 1)> hist(z,breaks=50)
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�¨á. 5.1. �¨áã®ª £à ä÷ª÷¢ ®à¬ «ì®£® à®§¯®¤÷«ã�ãªæ÷ù à÷¢®¬÷à®£® à®§¯®¤÷«ãdunif(x, min=0, max=1) # �÷¢®¬÷à¨© à®§¯®¤÷«punif(q, min=0, max=1) # �ãªæ÷ï à®§¯®¤÷«ãqunif(p, min=0, max=1) # ª¢ â¨«ì à÷®¬÷à®£® à®§¯®¤÷«ãrunif(n, min=0, max=1) # �¥¥à â®à ¢¨¯ ¤ª®¢¨å ç¨á¥«Ǒà¨ª« ¤¨> x <- seq(-10,10,by=0.01)> y1 <- dunif(x)> plot(x, y1)



5.2 �ãªæ÷ù à®§¯®¤÷«ã ©¬®¢÷à®áâ¥© 51> y2 <- punif(x)> plot(x, y2)> x <- seq(-1,1,by=0.01)> y3 <- qnorm(x)> plot(x, y3)> z <- runif(100)> hist(z)
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�¨á. 5.2. �¨áã®ª £à ä÷ª÷¢ à÷¢®¬÷à®£® à®§¯®¤÷«ã�ãªæ÷ù Log-®à¬ «ì®£® à®§¯®¤÷«ãdlnorm(x, meanlog = 0, sdlog = 1) # Log-®à¬ «ì¨© à®§¯®¤÷«plnorm(q, meanlog = 0, sdlog = 1) # �ãªæ÷ï à®§¯®¤÷«ãqlnorm(p, meanlog = 0, sdlog = 1) # ª¢ â¨«ì à÷®¬÷à®£® à®§¯®¤÷«ãrlnorm(n, meanlog = 0, sdlog = 1) # �¥¥à â®à ¢¨¯ ¤ª®¢¨å ç¨á¥«Ǒà¨ª« ¤¨> x <- seq(0,10, by=0.01)> y1<-dlnorm(x)



52 5 �â â¨áâ¨ª > plot(x,y1)> y2<-plnorm(x)> plot(x,y2)> y3<-qlnorm(x)> plot(x,y3)> z <- rlnorm(100)> hist(z)
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�¨á. 5.3. �¨áã®ª £à ä÷ª÷¢ Log-®à¬ «ì®£® à®§¯®¤÷«ã�ãªæ÷ù ¥ªá¯®¥æ÷©®£® (¥ªá¯®¥æ÷ «ì®£®) à®§¯®¤÷«ãdexp(x, rate = 1) # ¥ªá¯®¥æ÷©¨© (¥ªá¯®¥æ÷ «ì¨©) à®§¯®¤÷«pexp(q, rate = 1) # �ãªæ÷ï à®§¯®¤÷«ãqexp(p, rate = 1) # ª¢ â¨«ì ¥ªá¯®¥æ÷©®£® à®§¯®¤÷«ãrexp(n, rate = 1) # £¥¥à â®à ¢¨¯ ¤ª®¢¨© ç¨á¥«Ǒà¨ª« ¤¨> x <- seq(0,10, by=0.01)



5.2 �ãªæ÷ù à®§¯®¤÷«ã ©¬®¢÷à®áâ¥© 53> y1 <- dexp(x)> plot(x, y1)> y2 <- pexp(x)> plot(x, y2)> z <- rexp(100)> hist(z)
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�¨á. 5.4. �¨áã®ª £à ä÷ª÷¢ ¥ªá¯®¥æ÷©®£® à®§¯®¤÷«ãöä®à¬ æ÷ï ¯à® ¤®áâã¯÷ ¤«ï ¢¨ª®à¨áâ ï ¢ á¥à¥¤®¢¨é÷ R à®§¯®¤÷«¨©¬®¢÷à®áâ¥© (é® ¢å®¤ïâì ¤® ¡ §®¢®£® ¯ ª¥âã stats), à¥ «÷§®¢ ¨å ã¢÷¤¯®¢÷¤®áâ÷ ¤® ¢¨é¥§£ ¤ ®ù ª®¢¥æ÷ù § ¯¨áã äãªæ÷© à®§¯®¤÷«ã ©¬®¢÷à-®áâ¥©, ¯à¥¤áâ ¢«¥  ¢ â ¡«¨æ÷�¨¯ à®§¯®¤÷«ã (¢ à÷ â  £«.) � §¢  ¢ R�¥â  (beta) beta�÷®¬÷ «ì¨© (binomial) binom�®è÷-�®à¥æ  (Cauhy) auhy$\hi^{2}$ (hi-squared) hisq�ªá¯®¥æ÷©¨© (exponential) exp�÷è¥à  (F) f� ¬¬  (gamma) gamma



54 5 �â â¨áâ¨ª �¥®¬¥âà¨ç¨© (geometri) geom�÷¯¥à£¥®¬¥âà¨ç¨© (hypergeometri) hyperLog-®à¬ «ì¨© (log-normal) lnorm�®£÷áâ¨ç¨© (logisti) logis�®à¬ «ì¨© (normal) normǑã áá®  (Poisson) poisT-à®§¯®¤÷« �âìî¤¥â  (T) t�÷¢®¬÷à¨© (uniform) unif�¥©¡ã«  (Weibull) weibull� R ÷áãõ äãªæ÷ï sample() §  ¤®¯®¬®£®î ïª®ù, ¬®�  £¥¥àã¢ â¨¢¨¯ ¤ª®¢÷ ¤ ÷, ã ¢¨£«ï¤÷ ¢¥ªâ®à  ¤ ¨å,   ®á®¢÷ § ç¥ì ÷è®£® ¢¥ªâ®à .Ǒà¨ª« ¤> sample(1:6,15,replae=T)[1℄ 3 6 4 1 5 5 6 3 2 1 1 1 3 6 1á¨¬ã«îõ ÷ ¢÷¤¯®¢÷¤® £¥¥àãõ § ç¥ï 6-£à ®£® ªã¡¨ª , ¢ ¤ ®¬ã ¢¨-¯ ¤ªã ¯÷á«ï 15-â¨ "¢÷àâã «ì¨å ª¨¤ª÷¢". Ǒ® ¤¥ä®«âã äãªæ÷ï sample()£¥¥àãõ § ç¥ï, é® ¥¯®¢â®àîîâìáï ¤¢÷ç÷. �à£ã¬¥â replae=T ¢ª §ãõ,é® § ç¥ï ¬®�ãâì ¯®¢â®àî¢ â¨áï.� R ÷¬¯«¥¬¥â®¢ ® § çã ª÷«ìª÷áâì  «£®à¨â¬÷¢, ïª÷ ¤®§¢®«ïîâì£¥¥àã¢ â¨ ¢¨¯ ¤ª®¢÷ ç¨á« . �÷«ìè¥ ÷ä®à¬ æ÷ù> ?set.seed5.3 �¥£à¥á÷©¨©   «÷§�¥£à¥á÷ï  ¡® à¥£à¥á÷©¨©   «÷§ áãªã¯÷áâì áâ â¨áâ¨ç¨å ¬¥â®¤÷¢, é®§ áâ®á®¢ãîâìáï ¤«ï § å®¤�¥ï,   «÷§ã, ¬®¤¥«î¢ ï ÷ ¯à®£®§ã¢ ï§ «¥�®áâe© ¬÷� §¬÷¨¬¨. � á¥à¥¤®¢¨é÷ R ÷áãõ è¨à®ª¨©  ¡÷à äãªæ-÷© (lm(),aov(),glm() ) ¤«ï ¯à®¢¥¤¥ï à÷§¨å ¢¨¤÷¢ à¥£à¥á÷©®£®   «÷§ã.�®�  § äãªæ÷© ¬÷áâ¨âì ª«îç®¢¨© ¯ à ¬¥âà formula - ¬®¤¥«ì, §£÷¤®ïª®ù   «÷§ãîâìáï ¤ ÷.5.3.1 �÷÷©  à¥£à¥á÷ï� §®¢®î õ «÷÷©  à¥£à¥á÷ï, ïª  ¬®¤¥«îõ «÷÷©ã § «¥�÷áâì ¬÷� §¬÷®î
y ÷ ¥§ «¥�¨¬¨ §¬÷¨¬¨ x1, ..., xn. � § £ «ì®¬ã ¢¨¯ ¤ªã («÷÷©®ù¬®�¨®ù à¥£à¥á÷ù), § «¥�÷áâì ¬÷� §¬÷¨¬¨ ¬ õ ¢¨£«ï¤

yi = b0 + bi,1xi,1 + bi,2xi,2 + ... + bi,jxi,j + ǫi¤¥ yi - §¬÷ , § ç¥ï ïª®ù á¯®áâ¥à÷£ õâìáï ¤«ï ÷-¢®ù ®¡á¥à¢ æ÷ù, bi,j -ª®õä÷æ÷õâ¨ (¯ à ¬¥âà¨) à¥£à¥á÷ù, xi,j - ¥§ «¥�÷ §¬÷÷, ¯à¥¤¨ªâ®à¨,



5.3 �¥£à¥á÷©¨©   «÷§ 55
ǫ1, ..., ǫn - § «¨èª®¢÷ ª®¬¯®¥â¨, ¥§ «¥�÷ ®¤ ª®¢® à®§¯®¤÷«¥÷ ¢¨-¯ ¤ª®¢÷ ¢¥«¨ç¨¨, ÷â¥à¯à¥âãîâìáï ïª èã¬  ¡® ¯®¬¨«ª¨.�÷÷©¨© à¥£à¥á÷©¨©   «÷§ ¢ R à¥ «÷§ãõâìáï § ¢¨ª®à¨áâ ï¬ äãªæ÷ùlm() . �¨â ªá¨á äãªæ÷ù lm() ¬ õ ¢¨£«ï¤lm(formula, data, ...)¤¥ formula - á¨¬¢®«ì¨© ®¯¨á ¬®¤¥«÷, data - ®¡'õªâ ¤ ¨å (¤ â äà¥©¬),... - ¤®¤ âª®¢÷  à£ã¬¥â¨.Ǒ à ¬¥âà formula ¢÷¤÷£à õ ¢ �«¨¢ã à®«ì ¢ R ®ªà¥á«îîç¨ ¬®¤¥«ì,â®¡â® §¢'ï§®ª ¬÷� §¬÷¨¬¨, §£÷¤® ïª®ù   «÷§ãîâìáï ¤ ÷data. �®áâ®¢÷à-÷áâì à¥§ã«ìâ â÷¢ à¥£à¥á÷©®£®   «÷§ã § «¥�¨âì ¢÷¤ ¢¨¡à ®ù ¬®¤¥«÷.�  ©¯à®áâ÷è®¬ã ¢¨¯ ¤ªã «÷÷©®ù § «¥�®áâ÷

yi = b0 + b1xi + ǫiä®à¬ã«  ¬®¤¥«÷ ¬ õ ¢¨£«ï¤y ~ x� áâã¯¨© ¯à¨ª« ¤ ¤¥¬®áâàãõ ¢¨ª®à¨áâ ï ¡ §®¢¨å äãªæ÷© ¤«ï¯à®¢¥¤¥ï «÷÷©®£® à¥£à¥á÷©®£®   «÷§ã áâ â¨áâ¨ç¨å ¤ ¨å longley.> dani.lm <- lm(GNP ~ Population,data = longley)> dani.lmCall:lm(formula = GNP ~ Population, data = longley)Coeffiients:(Interept) Population-1275.21 14.16�¥§ã«ìâ â ¢¨ª®à¨áâ ï äãªæ÷ù lm §¡¥à÷£ õâìáï ¢ ¤ ®¬ã ¢¨¯ ¤ªã¢ ®¡'õªâ÷ dani.lm, ïª¨© ï¢«ïõ á®¡®î ®¡'õªâ ª« áã 'lm'. �®¡ ¢¨¢¥áâ¨¯®¢ã ÷ä®à¬ æ÷î ¯à® ®¡'õªâ dani.lm ¬®�  áª®à¨áâ â¨áï äãªæ÷õîprint.default() .> print.default(dani.lm)$oeffiients(Interept) Population-1275.21004 14.16157$residuals1947 1948 1949 1950 1951-14.399443 -3.763893 -21.294247 -11.120025 17.026813



56 5 �â â¨áâ¨ª 1952 195318.127734 10.683026......................................................1962 554.894 130.081attr(,"lass")[1℄ "lm"�®¡â® ®¡'õªâ ª« áã lm, ¢ ¤ ®¬ã ¢¨¯ ¤ªã dani.lm,  á¯à ¢¤÷ ¬÷áâ¨âì§ ç® ¡÷«ìè¥ ÷ä®à¬ æ÷ù.�¨ª®à¨áâ®¢ãîç¨ á¯¥æ÷ «ì÷, ¢�¥ §£ ¤ã¢ ÷ generi äãªæ÷ù, à¥§ã«ì-â â ¢¨ª® ï ïª¨å § «¥�¨âì ¢÷¤ â¨¯ã ®¡'õªâã ¤ ¨å  ¡® ª« áã ®¡'õªâã,¬®�  ®âà¨¬ â¨ ã§ £ «ìîîçã áâ â¨áâ¨çã ÷ä®à¬ æ÷î à¥§ã«ìâ â÷¢   «÷§ã,á¯à®£®§ã¢ â¨ § ç¥ï, ¯®¡ã¤ã¢ â¨ ¤÷ £®áâ¨ç÷ £à ä÷ª¨ ÷ â¤. Ǒà¨-ª« ¤¨ ¤¥ïª¨å generi äãªæ÷©, ®á®¢®î § ïª¨å õ äãªæ÷ï summary() ¯à-¥¤áâ ¢«¥® ¢ � ¡«¨æ÷generi äãªæ÷ï à¥§ã«ìâ âsummary(objet) ã§ £ «ì¥  áâ â¨áâ¨ç  ÷ä®à¬ æ÷ï ®¡õªâãoef(objet) ª®õä÷æ÷õâ¨ à¥£à¥á÷ùresid(objet) § «¨èª¨fitted(objet) ¤®¯ á®¢ ÷/¢áâ ®¢«¥÷ § ç¥ïanova(objet) â ¡«¨æï ¤¨á¯¥àá÷©®£®   «÷§ãpredit(objet) ¯à®£®§®¢ ÷ § ç¥ïplot(objet) áâ¢®à¥ï ¤÷ £®áâ¨ç¨å £à ä÷ª÷¢aov(objet) ANOVA   «÷§glm(objet) ã§ £ «ì¥¨© «÷÷©¨©   «÷§�ãªæ÷ï summary() ¢ ¢¨¯ ¤ªã § áâ®áã¢ ï ùù ¤® ®¡õªâ÷¢ ª« áã lm ¯®¢¥à-â õ ä®à¬ã«ã ¬®¤¥«÷, § «¨èª¨ (residuals), ª®õä÷æ÷õâ¨ à¥£à¥á÷ù, á¥à¥¤ì®ª¢ ¤à- â¨ç¥ ¢÷¤å¨«¥ï ®æ÷ª¨ à¥£à¥á÷ù, ª®õä÷æ÷õâ ¤¥â¥à¬÷ æ÷ù R2, áâ â¨áâ¨ªã¤¨á¯¥àá÷©®£®   «÷§ã (F-statisti)> summary(dani.lm)



5.3 �¥£à¥á÷©¨©   «÷§ 57Call:lm(formula = GNP ~ Population, data = longley)Residuals:Min 1Q Median 3Q Max-21.2942 -11.3519 -0.6804 11.2152 18.1277Coeffiients: Estimate Std. Error t value Pr(>|t|)(Interept) -1275.2100 59.8256 -21.32 4.53e-12 ***Population 14.1616 0.5086 27.84 1.17e-13 ***---Signif. odes: 0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1Residual standard error: 13.7 on 14 degrees of freedomMultiple R-squared: 0.9823,Adjusted R-squared: 0.981F-statisti: 775.2 on 1 and 14 DF, p-value: 1.168e-13�¤¨ ÷§ á¯®á®¡÷¢ ¯¥à¥¢÷àª¨ ¤®áâ®¢÷à®áâ÷ ¢¨¡à ®£® ¬®¤¥«î, § ¤ ®£®¯ à ¬¥âà®¬ formula, õ ¯à¥¤áâ ¢«¥ï à¥§ã«ìâ â÷¢   «÷§ã ¢ £à ä÷ç®¬ã¢¨£«ï¤÷. � áâ®áã¢ ï generi äãªæ÷ù plot() ¤® ®¡õªâ÷¢ ª« áã 'lm'> par(mfrow=(2,2))> plot(dani.lm)¤®§¢®«ïõ ®âà¨¬ â¨  áâã¯÷ ¤÷ £®áâ¨ç÷ £à ä÷ª¨ à¨á.5.5� R ÷áãîâì äãªæ÷ù, é® ¤®§¢®«ïîâì ®®¢¨â¨  ¡® §¬÷¨â¨ ¯ à ¬¥âà¨«÷÷©®£®   «÷§ã. �ãªæ÷ï update() ¢¨ª®à¨áâ®¢ãõâìáï ¤«ï ®®¢«¥ï ¡® §¬÷¨ ¬®¤¥«÷ «÷÷©®£®   «÷§ã. �¥§ã«ìâ â®¬ § áâ®áã¢ ï äãªæ÷ùupdate() õ ®¡'õªâ ª« áã 'lm'. �®áâàãªæ÷ï .+Armed.Fores ã ¢¨£«ï¤÷¯ à ¬¥âà > dani.lm2year <- update(dani.lm, ~.+Year)¤®§¢®«ïõ ®®¢¨â¨ ¬®¤¥«ì «÷÷©®£®   «÷§ã, § ãà åã¢ ï¬ ¤®¤ ®ù §¬÷®ùYear. �¥§ã«ìâ â®¬ ¢¨ª® ï ¢ ¤ ®¬ã ¢¨¯ ¤ªã ¡ã¤¥ ®¡'õªâ dani.lm2year> dani.lm2yearCall:lm(formula = GNP ~ Population + Year, data = longley)Coeffiients:(Interept) Population Year-34306.363 2.175 17.620



58 5 �â â¨áâ¨ª 
250 300 350 400 450 500 550

−
20

−
10

0
10

20

Fitted values

R
es

id
ua

ls

Residuals vs Fitted

1949

1952

1961

−2 −1 0 1 2

−
1.

5
−

0.
5

0.
5

1.
0

1.
5

Theoretical Quantiles

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

Normal Q−Q

1949

1961

1952

250 300 350 400 450 500 550

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

Fitted values

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

Scale−Location
1949

19611952

0.00 0.05 0.10 0.15 0.20 0.25

−
2.

0
−

1.
0

0.
0

0.
5

1.
0

1.
5

Leverage

S
ta

nd
ar

di
ze

d 
re

si
du

al
s

Cook’s distance
0.5

0.5

Residuals vs Leverage

1961

1949

1962

�¨á. 5.5. �à ä÷ª¨ à¥§ã«ìâ â÷¢ à¥£à¥á÷©®£®   «÷§ã�ãªæ÷ï add1() ¢ª«îç õ ¤®¤ âª®¢¨©  à£ã¬¥â (§¬÷ã) ¤®   «÷§®¢ ®ù¬®¤¥«÷ ÷ ¤®§¢®«ïõ á¯®áâ¥à÷£ â¨ §  §¬÷ ¬¨ § ç¥ì áã¬¨ ª¢ ¤à â÷¢ ÷ § «¨è-ª®¢¨å áã¬.> dani.lm1 <- add1(dani.lm, ~.+Year)> dani.lm1Single term additionsModel:GNP ~ PopulationDf Sum of Sq RSS AIC<none> 2629.0 85.628Year 1 1272.8 1356.2 77.037�ãªæ÷ï drop1() ¤®§¢®«ïõ á¯®áâ¥à÷£ â¨ §  §¬÷ ¬¨ § ç¥ì áã¬¨ ª¢ ¤à- â÷¢ ÷ § «¨èª®¢¨å áã¬ ãáã¢ îç¨ §¬÷÷, ®ªà÷¬ ¥®¡å÷¤¨å, § ¬®¤¥«÷.> drop1(dani.lm2year,~ Population)Single term deletionsModel:GNP ~ Population + Year



5.3 �¥£à¥á÷©¨©   «÷§ 59Df Sum of Sq RSS AIC<none> 1356.2 77.037Population 1 41.39 1397.5 75.5185.3.2 �¥«÷÷©  à¥£à¥á÷ï�ãªæ÷ï nls() ¤®§¢®«ïõ ¯à®¢¥áâ¨ ¥«÷÷©¨© à¥£à¥á÷©¨©   «÷§ ÷ § ©â¨¯ à ¬¥âà¨ ¬®¤¥«÷ ¥«÷÷©®ù à¥£à¥á÷ù ¢¨¤ã
yi = f(xi, β) + ǫi¤¥ yi - §¬÷ , § ç¥ï ïª®ù á¯®áâ¥à÷£ õâìáï ¤«ï ÷ - ù ®¡á¥à¢ æ÷ù, f - ¯¥¢ ¥«÷÷©  äãªæ÷ï, xi - ¥§ «¥�÷ §¬÷÷, ¯à¥¤¨ªâ®à¨, β = (β1, ..., βp) -ª®õä÷æ÷õâ¨ (¯ à ¬¥âà¨) à¥£à¥á÷ù, é® à®§à å®¢ãîâìáï/¤®¯ á®¢ãîâìáï  ®á®¢÷ ¤ ¨å (yi,xi), ǫ1, ..., ǫn - § «¨èª®¢÷ ª®¬¯®¥â¨, ¥§ «¥�÷ ®¤ ª®¢®à®§¯®¤÷«¥÷ ¢¨¯ ¤ª®¢÷ ¢¥«¨ç¨¨, ÷â¥à¯à¥âãîâìáï ïª èã¬  ¡® ¯®¬¨«ª¨.�¨â ªá¨á äãªæ÷ù nls() ¬ õ ¢¨£«ï¤nls(formula, data, start,...)¤¥ formula - ä®à¬ã«  ¥«÷÷©®ù ¬®¤¥«÷ , data - ¤ ÷ ã ¢¨£«ï¤÷ ¤ â äà¥©¬ã,á¯¨áªã, start - ¢¥ªâ®à ¯®ç âª®¢¨å (¯à¨¡«¨§¨å) § ç¥ì ª®õä÷æ÷õâ÷¢à¥£à¥á÷ù, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨.�  ¢÷¤¬÷ã ¢÷¤ «÷÷©®ù à¥£à¥á÷ù, formula ¬®¤¥«÷ ¥«÷÷©®ù à¥£à¥á÷ù ¬ õ§¢¨ç ©ã ¬ â¥¬ â¨çã ®â æ÷î. � ¯à¨ª« ¤, ¤«ï ¥«÷÷©®ù ¬®¤¥«÷

yi = β1(1 − exp−b2∗xi) + ǫiä®à¬ã«  ¬®¤¥«÷ ¬ â¨¬¥ ¢¨£«ï¤y ~ b1*(1-exp(-b2*x))�¥å © ¬ õ¬® ¯¥¢ã § èã¬«¥ã ¥«÷÷©ã § «¥�÷áâì> x <- runif(100,0,15)> y <- 2*x/(5+x)> y <- y +rnorm(100,0,0.15)> xy.dani <- data.frame (x=x,y=y)> plot(xy.dani)�®¯ áã¢ ï ¤ ¨å, ¯à¥¤áâ ¢«¥¨å ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷ ÷ § å®¤�¥ïª®õä÷æ÷õâ÷¢ ¥«÷÷©®ù à¥£à¥á÷ù, ¬®�  à¥ «÷§ã¢ â¨ § ¢¨ª®à¨áâ ï¬  áâ-ã¯®ù ¬®¤¥«÷
yi =

β1x1

β2x2

+ β3 + ǫi÷,  ¯à¨ª« ¤,  áâã¯¨å ¯®ç âª®¢¨å § ç¥ì ª®õä÷æ÷õâ÷¢ à¥£à¥á÷ù β1 =
1.5, β2 = 3
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�¨á. 5.6. �à ä÷ª ¤ ¨å ¥«÷÷©®ù § «¥�®áâ÷> fitnl <- nls(y ~ beta1*x /(beta2 + x),start = list( beta1 = 1.5, beta2 = 3), # ¤¥ª« àãîâìáï ¯®ç âª®¢÷data=xy.da) # (¯à¨¡«¨§÷) § ç¥ï�¥§ã«ìâ â®¬ ¢¨ª® ï äãªæ÷ù nls() õ ®¡'õªâ ª« áã `nls '> fitnlNonlinear regression modelmodel: y ~ beta1 * x/(beta2 + x)data: xy.danibeta1 beta22.014 4.995residual sum-of-squares: 2.092Number of iterations to onvergene: 3Ahieved onvergene tolerane: 8.634e-07Ǒà®£«ïãâ¨ à¥§ã«ìâ â ¥«÷÷©®£® à¥£à¥á÷©®£®   «÷§ã ¢ ã§ £ «ì¥®¬ãáâàãªâãà®¢ ®¬ã ¢¨£«ï¤÷ ¬®�  ¢¨ª®à¨áâ®¢ãîç¨ generi äãªæ÷î summary()> Formula: y ~ beta1 * x/(beta2 + x)



5.3 �¥£à¥á÷©¨©   «÷§ 61Parameters:Estimate Std. Error t value Pr(>|t|)beta1 2.01433 0.08791 22.914 < 2e-16 ***beta2 4.99545 0.60934 8.198 9.57e-13 ***---Signif. odes: 0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1Residual standard error: 0.1461 on 98 degrees of freedomNumber of iterations to onvergene: 3Ahieved onvergene tolerane: 8.634e-07�¨ª®à¨áâ®¢ãîç¨ generi äãªæ÷î predit()   ®á®¢÷ à¥§ã«ìâ â÷¢¯à®¢¥¤¥®£®   «÷§ã ¬®�  á¯à®£®§ã¢ â¨/®¡à åã¢ â¨ ÷è÷ § ç¥ï ÷¢« áâ¨¢÷ ù¬ ¯®å¨¡ª¨.> x <- seq(0,15,by=0.1)> prog.dani <- data.frame(x=x)> y.zprog <- predit(fitnl, newdata = prog.dani)> prog.dani$yzprog <- y.zprog> lines(prog.dani$x,prog.dani$yzprog,or="blue")�«ï ¯®à÷¢ïï á¯à®£®§®¢ ÷ § ç¥ï ¬®�  ¯à¥¤áâ ¢¨â¨ ¢ £à ä÷ç®¬ã¢¨£«ï¤÷
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�¨á. 5.7. �à ä÷ª § «¥�®áâ÷ y = 2.01433 * x/(4.99545 + x) ¤®¯ á®¢ ®ù ¢ à¥§ã«ì-â â÷ ¥«÷÷©®£® à¥£à¥á÷©®£®   «÷§ã ¤® ¤ ¨å ¯à¥¤áâ ¢«¥¨å   �¨á.5.6



6�à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨
�¤÷õî § á¨«ì¨å áâ®à÷ R õ è¨à®ª÷ ¬®�«¨¢®áâ÷ ¯à¥¤áâ ¢«¥ï ¤ ¨å ¢£à ä÷ç®¬ã ¢¨£«ï¤÷. �¥à¥¤®¢¨é¥ R ¬÷áâ¨âì ¤¢  ¡ §®¢÷ ¯ ª¥â¨ graphisâ  lattie ¤«ï ¯à¥¤áâ ¢«¥ï ¤ ¨å ¢ £à ä÷ç®¬ã ¢¨£«ï¤÷. Ǒ ª¥â graphi-s ¬÷áâ¨âì ÷âãùâ¨¢® §à®§ã¬÷«¨©  ¡÷à ª®¬ ¤, ïª¨© ¤®§¢®«ïõ ¡ã¤ã¢ â¨£à ä÷ª¨ à÷§¨å â¨¯÷¢,   â ª®� à¥¤ £ã¢ â¨  âà¨¡ãâ¨ £à ä÷ª÷¢, ¢ â®© ç áïª ¯ ª¥â lattie ¬÷áâ¨âì  «ìâ¥à â¨¢¨©  ¡÷à äãªæ÷© ¤«ï ¯®¡ã¤®¢¨áª« ¤¨å £à ä÷ª÷¢. � ¨© ¯÷¤à®§¤÷« ¯à¥¤áâ ¢«ïõ ®£«ï¤ £à ä÷ç¨å äãªæ-÷©,   â ª®� ¯à¨ª« ¤¨ ùå ¢¨ª®à¨áâ ï, ïª÷ ¤¥¬®áâàãîâì ®á®¢÷ ¬®�«¨-¢®áâ÷ ¯ ª¥âã graphis.6.1 �¨¯¨ £à ä÷ª÷¢6.1.1 �ãªæ÷ï plot()�à ä÷ç÷ ®¡'õªâ¨ ¢ R áâ¢®àîõâìáï §  ¤®¯®¬®£®î äãªæ÷ù plot(). �ãªæ÷ïplot() õ ®á®¢®î £à ä÷ç®î äãªæ÷õî § è¨à®ª¨¬  ¡®à®¬  à£ã¬¥â-÷¢, é® ¤®§¢®«ïõ ¢¨ª®à¨áâ®¢ã¢ â¨ ùù ¤«ï ¯®¡ã¤®¢¨ à÷§¨å â¨¯÷¢ £à ä÷ª÷¢.�ãªæ÷ï plot() â ª®� õ generi äãªæ÷õî, â®¡â® à¥§ã«ìâ â ùù ¢¨ª®à¨-áâ ï (ã ¢¨£«ï¤÷ ¢÷¤¯®¢÷¤®£® £à ä÷ªã  ¡®  ¡®àã £à ä÷ª÷¢) § «¥�¨âì¢÷¤ ®¡'õªâã ¤ ¨å ¤® ïª¨å § áâ®á®¢ãõâìáï äãªæ÷ï.� £ «ì¨© ¢¨£«ï¤ ª®¬ ¤¨plot(x,y,...)¤¥ x, y - §¬÷÷ (ª®®à¤¨ â¨ §¬÷¨å)   £à ä÷ªã, .... - ¤®¤ âª®¢÷ ¯ à- ¬¥âà¨. �÷«ìª  ®á®¢¨å ¯ à ¬¥âà÷¢
• type - § ¤ õ â¨¯ £à ä÷ª : â®çª®¢¨© (type='p' ¯® ¤¥ä®«âã), «÷÷©¨©(type='l' ), â®çª¨ §'õ¤ ÷ «÷÷ï¬¨ (type='b' ), áâã¯÷ç â¨© (type='s' ) â ÷è÷. �¨ª®à¨áâ ï äãªæ÷ù plot() § ¯ à ¬¥âà®¬ (type='n') áâ¢®àîõ£à ä÷ª §÷ ¢á÷¬  ©®£®  âà¨¡ãâ ¬¨ (®áï¬¨,  §¢ ¬¨ ÷ â¤.) ¥ ¢÷¤®¡à � î-ç¨ ¯à¨ æì®¬ã ¤ ÷ ( ã ¢¨£«ï¤÷ â®ç®ª, á¨¬¢®«÷¢, «÷÷©).
• xlim, ylim - ¢áâ ®¢«îõ ¤÷ ¯ §® § ç¥ì x ÷ y ®á¥©, ¢÷¤¯®¢÷¤®.
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• ol - ¢áâ ®¢«îõ ª®«÷à £à ä÷ªã.
• log - ¤®§¢®«ïõ ¢áâ ®¢¨â¨ «®£ à÷ä¬÷çã èª «ã ®á¥© (log='y', log='x',log='xy')�÷«ìè¥ ÷ä®à¬ æ÷ù> ?plotǑà¨ª« ¤ ¯®¡ã¤®¢¨ £à ä÷ª  §  ¤®¯®¬®£®î äãªæ÷ù plot()> plot(10^(1:9),ylim=(10^3,10^9),type="b",ol='red',log="y")
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�¨á. 6.1. �à ä÷ª ¯®¡ã¤®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù plot()�ãªæ÷ï plot() ¢¨ª®à¨áâ®¢ãõâìáï ¤«ï ¯®¡ã¤®¢¨ £à ä÷ª÷¢   ®á®¢÷ ¤ ¨å.�«ï ¯®¡ã¤®¢¨ £à ä÷ªã ¯¥¢®ù ¬ â¥¬ â¨ç®ù äãªæ÷ù  ¡® ¢¨à §ã ¢¨ª®à¨-áâ®¢ãõâìáï £à ä÷ç  äãªæ÷ï urve().> f <- funtion(x) exp(x) * os(2*pi*x)> urve(f, 0, 10, main='Grafik funkii exp(x) * os(2*pi*x)')6.1.2 �÷÷©÷ £à ä÷ª¨�÷÷©÷ £à ä÷ª¨ áâ¢®àîîâìáï ¢¨ª®à¨áâ®¢ãîç¨ ¡ §®¢ã äãªæ÷î plot() §®§ ç¥¨¬ ¯ à ¬¥âà®¬ type='l'  ¡® § ¢¨ª®à¨áâ ï¬ äãªæ÷ù lines(), ïª 
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�¨á. 6.2. �à ä÷ª e
x

∗ cos(2πx) ¯®¡ã¤®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù urve().§ áâ®á®¢ãõâìáï ¤®  ª« ¤ ï «÷÷© ¤® ¢�¥ ÷áãîç®£® £à ä÷ªã. � £ «ì¨©á¨â ªá¨á äãªæ÷ù lines() ¬ õ ¢¨£«ï¤lines(x,y,...)¤¥ - x,y - §¬÷÷ (ª®®à¤¨ â¨ §¬÷¨å)   £à ä÷ªã, .... - £à ä÷ç÷ ¯ à ¬¥âà¨.> plot((2,0),(-1,2), type="l")Ǒ®¡ã¤®¢  «÷÷©®£® £à ä÷ªã § ¢¨ª®à¨áâ ï¬ äãªæ÷ù lines()> plot((2,0),(-1,2))> lines((0,0,2,0), (2,1,-1,1), ol="red")6.1.3 �÷áâ®£à ¬¨ ÷ £à ä÷ª¨ £ãáâ¨¨ à®§¯®¤÷«ã�÷áâ®£à ¬  áâ¢®àîõâìáï §  ¤®¯®¬®£®î äãªæ÷ù hist(),hist(x,...)¤¥ x - ¢¥ªâ®à ç¨á«®¢¨å § ç¥ì, ... - ¤®¤ âª®¢÷ ¯ à ¬¥âà¨.



66 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨

0.0 0.5 1.0 1.5 2.0

−
1.

0
−

0.
5

0.
0

0.
5

1.
0

1.
5

2.
0

c(2, 0)

c(
−

1,
 2

)

�¨á. 6.3. �÷÷©¨© £à ä÷ª ¯®¡ã¤®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù plot()
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�¨á. 6.4. �÷÷©¨© £à ä÷ª ¯®¡ã¤®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù plot()



6.1 �¨¯¨ £à ä÷ª÷¢ 67> x <- rnorm(100)> hist(x)
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�¨á. 6.5. �÷áâ®£à ¬ �®«ì®à®¢  £÷áâ®£à ¬  § § ¤ ®î ª÷«ìª÷áâî ÷â¥à¢ «÷¢ ®âà¨¬ãõâìáï®ªà¥á«îîç¨ ¤®¤ âª®¢÷ ¯ à ¬¥âà¨hist(x, breaks=20, ol="yan")�«ï ¢¨§ ç¥ï ä®à¬¨ à®§¯®¤÷«ã §¬÷®ù ç áâ® ¢¨ª®à¨áâ®¢ãîâìáï £à- ä÷ª¨ £ãáâ¨¨ à®§¯®¤÷«ã. � R £à ä÷ª £ãáâ¨¨ à®§¯®¤÷«ã áâ¢®àîõâìáï § ¤®¯®¬®£®î ª®¬ ¤¨plot(density(x))¤¥ x - ¢¥ªâ®à ç¨á«®¢¨å § ç¥ì. Ǒà¨ª« ¤ £à ä÷ª  £ãáâ¨¨ à®§¯®¤÷«ã ¢¨-¯ ¤ª®¢¨å ¢¥«¨ç¨> d1 <- density(rnorm(100))> plot(d1)
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�¨á. 6.6. �®«ì®à®¢  £÷áâ®£à ¬  ÷§ § ¤ ®î ª÷«ìª÷áâî ÷â¥à¢ «÷¢
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�¨á. 6.7. �à ä÷ª £ãáâ¨¨ ®à¬ «ì®£® à®§¯®¤÷«ã



6.1 �¨¯¨ £à ä÷ª÷¢ 69Ǒà¨ª« ¤ £à ä÷ª £ãáâ¨¨ à®§¯®¤÷«ã ÷§ ª®«ì®à®¢¨¬ § ¯®¢¥ï¬> d2 <- density(runif(100))> plot(d2)> polygon(d2, ol="blak", border="red")
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�¨á. 6.8. �à ä÷ª £ãáâ¨¨ ®à¬ «ì®£® à®§¯®¤÷«ã § ª®«ì®à®¢¨¬ § ¯®¢¥ï¬6.1.4 Q-Q(�¢ â¨«ì-�¢ â¨«ì¨©) £à ä÷ªQ-Q £à ä÷ª¨ ¤®§¢®«ïîâì ¯®à÷¢ïâ¨ à®§¯®¤÷« § ç¥ì ¯¥¢®£®  ¡®àã(¥¬¯÷à¨ç¨å) ¤ ¨å § ¢¨¡à ¨¬ â¥®à¥â¨ç¨¬ à®§¯®¤÷«®¬. �ªé® ®¡¨¤¢ à®§¯®¤÷«¨ ¯®¤÷¡÷ ¬÷� á®¡®î, â®¤÷ â®çª¨   Q-Q £à ä÷ªã ¢¨áâà®îîâìáïã ¢¨£«ï¤÷ ¯àï¬®ù «÷÷ù, ïªé® à®§¯®¤÷«¨ ¥ áå®�÷ â® â®çª¨   £à ä÷ªã £ ¤ã¢ â¨¬ãâì ªà¨¢ã.�«ï ¯®¡ã¤®¢¨ Q-Q £à ä÷ª÷¢ ¢ R ÷áãõ äãªæ÷ï qqplot(), qqnorm() ÷qqline(). �ãªæ÷ï qqplot() ¤®§¢®«ïõ ®âà¨¬ â¨ Q-Q £à ä÷ª § ¤¢®å  ¡®à-÷¢ ¤ ¨å. C¨â ªá¨á äãªæ÷ùqqplot(x,y,...)�ãªæ÷ï qqnorm() áâ¢®àîõ Q-Q £à ä÷ª, ¤¥ ¢ ïª®áâ÷ â¥®à¥â¨ç®£® à®§¯®¤÷«ã§ ¤ ¨© ®à¬ «ì¨© à®§¯®¤÷«.



70 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨qqnorm(y, ...)�ãªæ÷ï qqline() ¤®¤ õ «÷÷î ïª  ¯à®å®¤¨âì ç¥à¥§ ¯¥àè¨© (25) ÷ ç¥â¢¥à-â¨© (75) ª¢ àâ¨«÷ (¯¥àæ¥â¨«÷)   Q-Q £à ä÷ªqqline(y, datax = FALSE, ...)Ǒà¨ª« ¤ Q-Q £à ä÷ªã> x<- rnorm(100)> qqnorm(x)> qqline(x)
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�¨á. 6.9. Q-Q £à ä÷ª ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷© qqnorm() â  qqline().6.1.5 �®çª®¢÷ £à ä÷ª¨�®çª®¢÷ £à ä÷ª¨ áâ¢®àîîâìáï §  ¤®¯®¬®£®î £à ä÷ç®ù äãªæ÷ù dothart()á¨â ªá¨á ïª®ù ¬ õ ¢¨£«ï¤dothart(x, labels, ...)



6.1 �¨¯¨ £à ä÷ª÷¢ 71¤¥ x - ¢¥ªâ®à ç¨á«®¢¨å § ç¥ì, labels - ¢¥ªâ®à ¬÷â®ª/ §¢ ª®�®ù â®çª¨,... - ¤®¤ âª®¢÷ ¯ à ¬¥âà¨. � ¯à¨ª« ¤, ¯ à ¬¥âà groups ¤®§¢®«ïõ ¢áâ ®¢¨-â¨ ªà¨â¥à÷© §  ïª¨¬ ¬®�  §£àã¯ã¢ â¨ ¥«¥¬¥â¨ ¢¥ªâ®à  x. �÷«ìè¥÷ä®à¬ æ÷ù ¤¨¢. help(dothart). Ǒà¨ª« ¤ ¯®¡ã¤®¢¨ â®çª®¢®£® £à ä÷ªã  ®á®¢÷ ¤ ¨å longley, é® ¢å®¤¨âì ¤® á¥à¥¤®¢¨é  R> dothart(Armed.Fores,label=Year,ex=.9,main="�÷«ìª÷áâì á®«¤ â÷¢ §¡à®©¨å á¨« ¯® à®ª ¬, â¨á",xlab="�÷«ìª÷áâì á®«¤ â÷¢ §¡à®©¨å á¨«,â¨á")

�¨á. 6.10. �®çª®¢¨© £à ä÷ª ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ù dothart().6.1.6 Câ®¢¯ç¨ª®¢÷ ¤÷ £à ¬¨Câ®¢¯ç¨ª®¢÷ ¤÷ £à ¬¨ ¡ã¤ãîâìáï §  ¤®¯®¬®£®î äãªæ÷ù barplot()barplot(height,...),¤¥ height - ¢¥ªâ®à  ¡® ¬ âà¨æï ç¨á¥«, ... - ¤®¤ âª®¢÷ ¯ à ¬¥âà¨. � ¢¨-¯ ¤ªã ¢¥ªâ®à , ¤÷ £à ¬  áª« ¤ õâìáï § ¯®á«÷¤®¢®áâ÷ ¯àï¬®ªãâ¨å áâ®¢¡ç¨-ª÷¢, ¯à¨ç®¬ã § ç¥ï ¥«¥¬¥â÷¢ ¢¥ªâ®à  ¢¨§ ç îâì ¢¨á®âã áâ®¢¯ç¨ª÷¢.



72 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨� ¢¨¯ ¤ªã ¬ âà¨æ÷ à §®¬ § ¯ à ¬¥âà®¬ beside=TRUE áã¬÷�÷ à÷¢÷/ª®«®ª¨¬ âà¨æ÷ ¢÷¤®¡à � îâìáï ã ¢¨£«ï¤÷ ®ªà¥¬® §£àã¯®¢ ¨å áâ®¢¯ç¨ª÷¢ ¤÷ £à- ¬¨. �¨ª®à¨áâ ï beside=FALSE ¤®§¢®«ïõ ¯à¥¤áâ ¢«¥ï à÷§¨å à÷¢÷¢ ã¢¨£«ï¤÷ ¯÷¤áâ®¢¯¨çª÷¢ áª« ¤¥¨å ¢ ®¤¨ ®ªà¥¬¨© áâ®¢¯ç¨ª.> a <- (10, 13, 7)> b <- (4, 9, 10)> barplot(rbind(a, b), beside=TRUE, names=("I","II","III"),> + ol=("blue","magenta"))
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�¨á. 6.11. �â®¢¯ç¨ª®¢  ¤÷ £à ¬  ¯®¡ã¤®¢   §  ¤®¯®¬®£®î äãªæ÷ù barplot()6.1.7 �àã£®¢÷ ¤÷ £à ¬¨�àã£®¢÷ ¤÷ £à ¬¨ ¢ R áâ¢®àîîâìáï §  ¤®¯®¬®£®î äãªæ÷ù pie(x, labels), ¤¥ x - ¢¥ªâ®à ç¨á«®¢¨å § ç¥ì (¯à¨ç®¬ã x(i)>=0), labels - ¢¥ªâ®à á¨-¬¢®«ì®£® â¨¯ã, ¥«¥¬¥â ¬¨ ïª®£® õ ÷¬¥  á¥ªâ®à÷¢ ¤÷ £à ¬¨.�÷«ìª  ¯à¨ª« ¤÷¢ ¯®¡ã¤®¢¨ ªàã£®¢¨å ¤÷ £à ¬ §  ¤®¯®¬®£®î äãªæ÷ùpie()Ǒà®áâ  ªàã£®¢  ¤÷ £à ¬ > slies <- (10,4,4,6,14,16)> lbls <- ("Belarus","Estonia","Lithuania","Latvia","Poland",> "Ukraine")> pie(slies, lbls, main="Pie Chart of Countries")
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�¨á. 6.12. �àã£®¢  ¤÷ £à ¬  ¯®¡ã¤®¢   §  ¤®¯®¬®£®î äãªæ÷ù pie().�àã£®¢÷ ¤÷ £à ¬¨ § ¢ª § ¨¬¨ ¯à®æ¥â ¬¨> slies <- (10, 4,4,6, 14, 16)> lbls <- ("Belarus","Estonia","Lithuania","Latvia","Poland","Ukraine")> pt <- round(slies/sum(slies)*100)> lbls <- paste(lbls, pt)> lbls <- paste(lbls,"%",sep="") # ¤®¤ õ % ¤® § ç¥ì> pie(slies,labels = lbls, ol=rainbow(length(lbls)),main="Pie Chart of Countries")öáãõ ¬®�«¨¢÷áâì ¯®¡ã¤®¢¨ 3D ªàã£®¢÷ ¤÷ £à ¬¨ ¯÷¤ª«îç¨¢è¨ ¤® á¥à-¥¤®¢¨é  R ¯ ª¥â plotrix ÷ ¢¨ª«¨ª ¢è¨ äãªæ÷î pie3D().6.1.8 �®ªá¯«®â¨  ¡® áªà¨ìª®¢÷ ¤÷ £à ¬¨�®ªá¯«®â¨ ¢¨ª®à¨áâ®¢ãîâìáï ¤«ï ¢÷§ã «ì®£® ¯à¥¤áâ ¢«¥ï ã§ £ «ì¥®ùáâ â¨áâ¨ç®ù ÷ä®à¬ æ÷ù ã ¢¨£«ï¤÷ ª®¬¡÷ æ÷ù áâ â¨áâ¨ç¨å å à ªâ¥à¨-áâ¨ª:  ©¬¥è®£® á¯®áâ¥à¥�ã¢ ®£® § ç¥ï (min), 0.25 ª¢ â¨«ï (Q1),¬¥¤÷ ¨ (Q2), 0,75 ª¢ â¨«ï (Q3),  ©¡÷«ìè®£® á¯®áâ¥à¥�ã¢ ®£® § ç¥ï(max). �¨â ªá¨á äãªæ÷ù ¢¨£«ï¤ õboxplot(x,...,horizontal,...)
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Belarus 19%

Estonia 7%Lithuania 7%

Latvia 11%

Poland 26%

Ukraine 30%
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�¨á. 6.13. �àã£®¢  ¤÷ £à ¬  § ¢ª § ¨¬¨ § ç¥ï¬¨ ¯®¡ã¤®¢   §  ¤®¯®¬®£®îäãªæ÷ù pie().¤¥ å - ¢¥ªâ®à § ç¥ì (¤ ¨å), horizontal - ¯ à ¬¥âà, ïª¨© § ¤ õ à®§â è-ã¢ ï ¡®ªá¯«®â÷¢   £à ä÷ªã ( ¤¥ä®«â¥ § ç¥ï 'FLASE' - ¢¥àâ¨ª «ì¥à®§â èã¢ ï),... - ¤®¤ âª®¢÷  à£ã¬¥â¨ ( ¤¨¢. ?boxplot).�¥å © ¬ õ¬® ¯¥¢¨©  ¡÷à áâ â¨áâ¨ç¨å ¤ ¨å.> (dani <- (1,3,5,-10,9,15,7,4,25))[1℄ 1 3 5 -10 9 15 7 4 25÷ ¢÷¤¯®¢÷¤®, ¯®¡ã¤®¢ ¨© § ¢¨ª®à¨áâ ï¬ äãªæ÷ù boxplot() ¡®ªá¯«®â�¨á. 6.14> boxplot(dani)
• �®¢áâ  «÷÷ï   à÷¢÷ y=5 õ ¬¥¤÷ ®î.
• �¨�ï ÷ ¢¥àåï áâ®à®  à ¬ª¨, é® ®â®çãõ ¬¥¤÷ ã ¢÷¤¯®¢÷¤ õ §  ¯¥àè-¨© Q1 ÷ âà¥â÷© Q3 ª¢ àâ¨«÷,¢÷¤¯®¢÷¤®.
• "�ãá "§ ®¡®å áâ®à÷ à ¬ª¨ ¯®ª §ãîâì ¤÷ ¯ §® § ç¥ì ¤ ¨å, ¥¢ª«î-ç îç¨ ¤¥¢÷ â÷ § ç¥ï (outliers).
• �¥¢÷ â÷ § ç¥ï (ª÷«ìæï   £à ä÷ªã) - § ç¥ï, é® ÷áâ®âì® ¢÷¤¤ «¥÷¢÷¤ à¥èâ¨ § ç¥ì ¤ ¨å.6.1.9 Ǒ®à÷¢ï«ì÷ ¤÷ £à ¬¨Ǒ®à÷¢ï«ì÷ ¤÷ £à ¬¨ ¢¨ª®à¨áâ®¢ãîâìáï ¤«ï ¤¥¬®áâà æ÷ù ÷ ¤®á«÷¤�¥ï§ «¥�®áâ÷ §¬÷¨å ¢÷¤ ¯¥¢®£® ä ªâ®à  (ä ªâ®à÷¢). �®�  ®ªà¥¬  ¤÷ £à-



6.1 �¨¯¨ £à ä÷ª÷¢ 75
−

10
−

5
0

5
10

15
20

25

�¨á. 6.14. �®ªá¯«®â ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ù boxplot() ¬  ¯®ª §ãõ § «¥�÷áâì ¬÷� §¬÷¨¬¨ ¢÷¤¯®¢÷¤®£® à÷¢ï ä ªâ®à . �¨-â ªá¨á äãªæ÷ù ¤«ï ¯®¡ã¤®¢¨ ¯®à÷¢ï«ì¨å ¤÷ £à ¬ ¬ õ ¢¨£«ï¤ oplot()oplot(formula, data, ...)¤¥ formula - § ¤ õ â¨¯ ¯®à÷¢ï«ì¨å ¤÷ £à ¬ (®¤®ä ªâ®à÷ y x | fat1 ¡® ¤¢®ä ªâ®à÷ y x | fat1*fat2 ), fat1,fat2 - ¯¥¢÷ ä ªâ®à¨ (ª â¥£®à-÷ù), data - ¤ ÷, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨. �÷«ìè¥ ¯à®  à£ã¬¥â¨ ?oplot.�¨á 6.15 ¯à¥¤áâ ¢«ïõ à÷ç÷ ¯®à÷¢ï«ì÷ ¤÷ £à ¬¨ § «¥�®áâ÷ ��Ǒ(� «®¢®£® � æ÷® «ì®£® Ǒà®¤ãªâã) ¢÷¤ ª÷«ìª®áâ÷  á¥«¥ï ®âà¨¬ ÷ § ¤®¯®¬®£®î> oplot(GNP~Population | Year,data=longley)6.1.10 � âà¨æ÷ ¤÷ £à ¬ à®§á÷î¢ ï�ãªæ÷ï pairs() ¤®§¢®«ïõ áâ¢®à¨â¨ ¬ âà¨æî â®çª®¢¨å £à ä÷ª÷¢  ¡®¤÷ £à ¬ à®§á÷î¢ ï. �¨â ªá¨á ¤ ®ù £à ä÷ç®ù äãªæ÷ù ¬ õ ¢¨£«ï¤pairs(x, ...)¤¥ å - ª®à¤¨ â¨ â®ç®ª, ¯à¥¤áâ ¢«¥÷ ïª ¥«¥¬¥â¨ ¬ âà¨æì  ¡® ¤ â äà-¥©¬÷¢. �÷ £à ¬ã à®§á÷î¢ ï   ®á®¢÷ ¤ ¨å §  ¡®àã longley ¤¥¬®áâàãõ áâã¯¨© ¯à¨ª« ¤
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�¨á. 6.15. �à ä÷ª ¯®à÷¢ï«ì¨å ¤÷ £à ¬ ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ùoplot() ÷  ¡®àã ¤ ¨å longley> pairs(~Population+Employed+Unemployed+Armed.Fores,data=longley)6.1.11 �®çª®¢÷ £à ä÷ª¨ ¢¨á®ª®ù é÷«ì®áâ÷� á¨âã æ÷ù ª®«¨ ÷áãõ ¢¥«¨ª  ª÷«ìª÷áâì â®ç®ª ÷ á¯®áâ¥à÷£ õâìáï § ç¥¯¥à¥ªà¨ââï ¬÷� â®çª ¬¨ § áâ®¢ãõâìáï ¯à®§®à÷áâì ª®«ì®à÷¢. � ¨© ¯÷¤å÷¤¤®§¢®«ïõ à®§à÷§¨â¨ â®çª¨, ïª÷ ¢§ õ¬®  ª« ¤ îâìáï.> x <- rnorm(1000)> y <- rnorm(1000)> plot(x,y,ol=rgb(0,100,0,50,maxColorValue=255), ph=16)�®¡ ®âà¨¬ â¨ § ç¥ï ª®«ì®à÷¢ ã RGBä®à¬ â÷ ¢ R ¢¨ª®à¨áâ®¢ãõâìáïäãªæ÷ï ol2rgb(). � ¯à¨ª« ¤ ol2rgb("orange") ¤ õ r=255, g=165,b=0. �ã«ì®¢¥ § ç¥ï ®§ ç õ ¯®¢ã ¯à®§®à÷áâì. �®¤ âª®¢  ÷ä®à¬ æ÷ïhelp(rgb).6.1.12 �à ä÷ª¨ ã¬®¢¨å à®§¯®¤÷«÷¢�ãªæ÷ï dplot() ¤®§¢®«ïõ ¯à¥¤áâ ¢¨â¨ à®§¯®¤÷« ª â¥£®à÷© (ä ªâ®à-÷¢), § «¥�¨å ¢÷¤ ¯¥¢¨å ç¨á«®¢¨å § ç¥ì, ã ¢¨£«ï¤÷ £à ä÷ªã ã¬®¢®£®à®§¯®¤÷«ã.
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Armed.Forces�¨á. 6.16. � âà¨æï ¤÷ £à ¬ à®§á÷î¢ ï ¯®¡ã¤®¢     ®á®¢÷  ¡®àã ¤ ¨ålongleydplot(formula, ...)�¨á.6.18 ¤¥¬®áâàãõ £à ä÷ª ã¬®¢®£® à®§¯®¤÷«ã ç®«®¢÷ª÷¢ ÷ �÷®ª § ùå¥¬ à®áâ®¬> sex <- fator((2, 2, 2, 2, 1, 1, 1, 1, 1, 1, 2, 1, 2, 1, 1,1, 1, 2, 1, 1, 1, 1, 1), levels = 1:2, labels = ("M", "W"))> height <- (153, 157, 158, 163, 186, 187, 170, 186, 190, 189,170, 180, 180, 180, 182, 183, 185, 175, 185, 186, 178, 179, 181)> dplot(sex ~ height,xlab=' height,m')6.1.13 3D £à ä÷ª¨�«ï ¯®¡ã¤®¢¨ âàì®å¢¨¬÷à¨å £à ä÷ª÷¢ ¥¯¥à¥à¢¨å ¤ ¨å ¢ ¡ §®¢®¬ã¯ ª¥â÷ graphis ¯¥à¥¤¡ ç¥÷ äãªæ÷ù image(), ontour() ÷ persp():
• �ãªæ÷ï image() £¥¥àãõ £à ä÷ª ã ¢¨£«ï¤÷ ¯àï¬®ªãâ¨ª÷¢, ª®«ì®à¨ïª¨å ¯à¥¤áâ ¢«ïîâì § ç¥ï §¬÷®ù z.
• �ãªæ÷ï ontour() ¤®§¢®«ïõ ®âà¨¬ â¨ ª®âãà¨© £à ä÷ª, § ç¥ï§¬÷®ù z ¢÷¤®¡à � îâì ª®âãà÷ «÷÷ù.
• �ãªæ÷ï persp() ¡ã¤ãõ âàì®å¢¨¬÷à÷ £à ä÷ª¨.�ãªæ÷ï persp() ¤®§¢®«ïõ ¯à¥¤áâ ¢«ïâ¨ 3D £à ä÷ª¨ § à÷§®ù ¯¥àá¯¥ªâ¨¢¨.C¨â ªá¨á äãªæ÷ù persp() ¬ õ ¢¨£«ï¤
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�¨á. 6.17. �®çª®¢¨© £à ä÷ª ¢¨á®ª®ù é÷«ì®áâ÷persp(x,y,z,...,theta, phi,...)¤¥ x,y,z - ¤ ÷, theta, phi - ªãâ¨, ïª÷ § ¤ îâì ¯¥àá¯¥ªâ¨¢ã ( §¨¬ãâ «ì¨©÷ ¢¥àâ¨ª «ì¨©  ¯àï¬ª¨,¢÷¤¯®¢÷¤®). Ǒà¨ª« ¤ ¢¨ª®à¨áâ ï äãªæ÷ùpersp()x <- seq(-10, 10, length.out = 50)y <- xrotsin <- funtion(x,y) {sin <- funtion(x) { y <- sin(x)/x ; y }10 * sin( sqrt(x^2+y^2) )}z <- outer(x, y, rotsin)persp(x, y, z,theta=20, phi=50, shade = 0.3,ol = "lightblue")6.2 �¡¥à¥�¥ï £à ä÷ª÷¢ ã ä ©«�«ï § ¯¨áã £à ä÷ª÷¢ ã ä ©« ¢¨ª®à¨áâ®¢ãîâìáï  áâã¯÷ äãªæ÷ù ¢ § «¥�®áâ÷¢÷¤ ¥®¡å÷¤®£® ä®à¬ âã £à ä÷ç®£® ä ©«ã:
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�¨á. 6.18. �®çª®¢¨© £à ä÷ª ã¬®¢®£® à®§¯®¤÷«ã ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®îäãªæ÷ù dplot()
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z

�¨á. 6.19. 3D £à ä÷ª ¯®¢¥àå÷ ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ù persp()



80 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨1. à áâà®¢¨© £à ä÷ç¨© ä®à¬ âbmp("myplot.bmp") - ä ©« ä®à¬ âã BMPjpeg("myplot.jpg") - ä ©« ä®à¬ âã JPGpng("myplot.png") - ä ©« ä®à¬ âã PNGtiff("myplot.png") - ä ©« ä®à¬ âã TIFF2. ¢¥ªâ®à¨© £à ä÷ç¨© ä®à¬ âpostsript("myplot.ps") - ä ©« postsript-®¢®£® ä®à¬ âãpdf("myplot.pdf") - ä ©« ä®à¬ âã PDFsvg("myplot.svg") - ¤«ï Unix/LinuxCairoSVG("myplot.svg") - ¤«ï Windowswin.metafile("myplot.wmf")Ǒà¨ª« ¤ § ¯¨áã £à ä÷ª  ¢ ä ©« ä®à¬ âã PostSript> postsript("Testplot.ps")> x<-seq(0,10*pi,by=pi/100)> plot(x,sin(x))> dev.off()�ãªæ÷ï dev.off() § ªà¨¢ õ à¥�¨¬ § ¯¨áã £à ä÷ª¨ ¢ ä ©« ÷ §¡¥à÷£ õä ©«.

0 5 10 15 20 25 30

−
1.

0
−

0.
5

0.
0

0.
5

1.
0

x

si
n(

x)

�¨á. 6.20. �¨áã®ª £à ä÷ªã §¡¥à¥�¥¨© ã ¢¨£«ï¤÷ PostSipt ä ©«ã § ¤®¯®¬®£®î äãªæ÷ù postsript()



6.3 �à ä÷ç÷ ¯ à ¬¥âà¨ 81�  ¤®¯®¬®£®î ¯ à ¬¥âà÷¢ width i height ¬®�  ¢áâ ®¢¨â¨ à®§¬÷à à¨-ãªã, é® §¡¥à÷£ õâìáï ¢ ä ©«. �®¤ âª®¢  ÷ä®à¬ æ÷ï ¯à® ¯ à ¬¥âà¨ ¤¨¢.?postsript, ?bmp, ?svg.6.3 �à ä÷ç÷ ¯ à ¬¥âà¨6.3.1 �«®¡ «ì÷ ÷ «®ª «ì÷ ãáâ ®¢ª¨�®¡ §¬÷¨â¨  âà¨¡ãâ¨ £à ä÷ªa (ª®«÷à, èà¨äâ, á¨¬¢®«¨, ¤÷ ¯ §® § ç¥ì  ®áïå, ÷ â¤) ¥®¡å÷¤® ®ªà¥á«¨â¨  ¡® §¬÷¨â¨ ¢÷¤¯®¢÷¤÷ £à ä÷ç÷ ¯ à- ¬¥âà¨. � á¥à¥¤®¢¨é÷ R £à ä÷ç÷ ¯ à ¬¥âà¨ ï¢«ïîâì á®¡®î  ¡à÷¢÷ â-ãàã ¢÷¤ ùå÷å ¯®¢¨å  §¢  £«÷©áìª®î ¬®¢®î. Ǒ®¢¨© á¯¨á®ª £à ä÷ç¨å¯ à ¬¥âà÷¢ ÷ ùå÷ ¯®â®ç÷ § ç¥ï ¬®�  ¯à®£«ïãâ¨ ¢¨ª®à¨áâ®¢ãîç¨äãªæ÷î par(). � ª á ¬® ¢¨ª®à¨áâ®¢ãîç¨ äãªæ÷î  «¥ ¢�¥ § § ¤ ¨¬¨§ ç¥ï¬¨ par(graphparameter1=value1, graphparameter2=value2,..)¬®�  §¬÷¨â¨ § ç¥ï £à ä÷ç¨å ¯ à ¬¥âà÷¢. �áâ ®¢«¥ï ¯ à ¬¥âà-÷¢ §  ¤®¯®¬®£®î äãªæ÷ù par() ¬ õ £«®¡ «ì¨© å à ªâ¥à, ¢÷¤¯®¢÷¤® ¯à-®ï¢«ïâ¨¬¥âìáï   ¢á÷å £à ä÷ç¨å ®¡'õªâ å R ¤®  áâã¯®£® ¢¨ª®à¨áâ ï¤ ®ù äãªæ÷ù  ¡® ¢¨å®¤ã § á¥à¥¤®¢¨é  R.> par()> bakup_par <- par() # ¡¥ª ¯ ¯®â®ç¨å ¯ à ¬¥âà÷¢> par(ol="red") # ¢áâ ®¢«¥ï ç¥à¢®®£® ª®«ì®àã> x <- seq(0,6*pi,by=pi/10)> plot(sin(x)) # ¯®¡ã¤®¢  £à ä÷ªã § ®¢¨¬¨ ¯ à ¬¥âà ¬¨> par(bakup_par) # ¢÷¤®¢«¥ï ¯®ç âª®¢¨å ¯ à ¬¥âà÷¢�¤ ª   ¯à ªâ¨æ÷ ç áâ÷è¥ ®ªà¥á«îîâìáï £à ä÷ç÷ ¯ à ¬¥âà¨ ª®ªà-¥â®£® £à ä÷ç®£® ®¡'õªâã, ¢ ïª®áâ÷ ¤®¤ âª®¢¨å  à£ã¬¥â÷¢ ¢÷¤¯®¢÷¤®ù £à- ä÷ç®ù äãªæ÷ù.> x <- seq(0,6*pi,by=pi/10)> plot(x,sin(x),type="b",ol="darkgreen")�®¤ âª®¢  ÷ä®à¬ æ÷ï ¯à® £à ä÷ç÷ ¯ à ¬¥âà¨ â  ùå÷ ¬®�«¨¢÷ § ç¥ï¢÷¤¯®¢÷¤¨å £à ä÷ç¨å äãªæ÷© (plot(),lines(),hist(),..) ¤®áâã¯  § ¤®¯®¬®£®î äãªæ÷ù help()> help(plot)> help(lines)> help(hist)> ....
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�¨á. 6.21. �à ä÷ª ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ù plot() § ®ªà¥á«¥¨¬£«®¡ «ì® ¯ à ¬¥âà®¬ par(ol='red')
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�¨á. 6.22. �à ä÷ª ¯®¡ã¤®¢ ¨© §  ¤®¯®¬®£®î äãªæ÷ù plot() § ®ªà¥á«¥¨¬«®ª «ì® ¯ à ¬¥âà®¬ plot(...,ol="darkgreen")



6.3 �à ä÷ç÷ ¯ à ¬¥âà¨ 836.3.2 �ã«ìâ¨£à ä÷ª¨�¨ª®à¨áâ®¢ãîç¨ ¯ à ¬¥âà¨mfrow,mfol   ®¤®¬ã à¨áãªã ¬®�  ®¤®ç á®¯à¥¤áâ ¢¨â¨ ª÷«ìª  à÷§¨å £à ä÷ª÷¢ ã ¢÷¤¯®¢÷¤®¬ã ¯®àï¤ªã. � ¯à¨ª« ¤mfrow - ¢áâ ®¢«îõ ¯®àï¤®ª à®§¬÷é¥ï £à ä÷ª÷¢ àï¤ª ¬¨> par(mfrow=(3,2))> plot(rnorm(100),type='l',ol='red')> plot(rnorm(100),type='l',ol='green')> plot(rnorm(100),type='l',ol='blue')> plot(rnorm(100),type='l',ol='blak')> plot(rnorm(100),type='l',ol='magenta')
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�¨á. 6.23. �¨áã®ª ª÷«ìª®å £à ä÷ª÷¢ (¬ã«ìâ¨£à ä÷ª) à®§â èã¢ ï ïª¨å ®ªà-¥á«¥® §  ¤®¯®¬®£®î ¯ à ¬¥âàã par(mfrow=(3,2)mfol - ¢áâ ®¢«îõ ¯®àï¤®ª à®§¬÷é¥ï £à ä÷ª÷¢ áâ®¢¡ç¨ª ¬¨> par(mfol=(3,2))> plot(rnorm(100),ol='red')> plot(rnorm(100),ol='green')> plot(rnorm(100),ol='blue')> plot(rnorm(100),ol='blak')



84 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨> plot(rnorm(100),ol='magenta')
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�¨á. 6.24. �ã«ìâ¨£à ä÷ª, à®§â èã¢ ï £à ä÷ª÷¢   ïª®¬ã ®ªà¥á«¥® § ¤®¯®¬®£®î ¯ à ¬¥âàã par(mfol=(3,2))�÷«ìè £ãçª÷è®î ¢ à®§â èã¢ ÷ £à ä÷ª÷¢ õ äãªæ÷ï layout(). � ¢÷¤¬÷ã¢÷¤ ¯ à ¬¥âà÷¢ mfrow ÷ mfol äãªæ÷ï layout() ¤®§¢®«ïõ § ¤ â¨ ¯®àï¤®ª÷ ¯®«®�¥ï ª®�®£® ®ªà¥¬®£® £à ä÷ª  ¢ § £ «ì®¬ã  á ¬¡«÷ ãá÷å £à ä-÷ç¨å ®¡'õªâ÷¢ à¨áãª .> l = layout(> rbind(> (1,1),> (2,3)> ) )> plot(rnorm(100),type='l',ol='red')> plot(rnorm(100),ol='blak')> hist(rnorm(100))6.3.3 �®«÷à�®«÷à £à ä÷ª  ¢áâ ®¢«îõâìáï ¯ à ¬¥âà®¬ ol ÷ ¬®�¥ ¯à¨©¬ â¨ § ç¥ïã ¢¨£«ï¤÷  §¢¨ ª®«ì®àã, ÷¤¥ªáã, è÷áâ ¤æïâª®¢®£® ª®¤ã  ¡® § ç¥ï § 
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�¨á. 6.25. �ã«ìâ¨£à ä÷ª, à®§â èã¢ ï £à ä÷ª÷¢   ïª®¬ã ®ªà¥á«¥® § ¤®¯®¬®£®î äãªæ÷ù layout()áå¥¬®î RGB. � ¯à¨ª« ¤ ol='red', ol=552, ol='#FF0000',ol=rgb(255,0,0,maxColorValue=255) ¢áâ ®¢«îõ ç¥à¢®¨© ª®«÷à £à ä÷ª .> hist(runif(100),ol='#FF0000')öáãõ àï¤ ¤®¤ âª®¢¨å ¯ à ¬¥âà÷¢, ïª÷ ¤®§¢®«ïîâì ¢áâ ®¢¨â¨  ¡® §¬÷¨-â¨ ª®«÷à ¢¨¡à ®£® ª®¬¯®¥âã £à ä÷ª :ol.axis ¢áâ ®¢«îõ ª®«÷à § ç¥ì èª «¨ol.lab ¢áâ ®¢«îõ ª®«÷à  §¢ ®á¥© £à ä÷ª ol.main ¢áâ ®¢«îõ ª®«÷à  §¢¨ £à ä÷ª ol.sub ¢áâ ®¢«îõ ª®«÷à ¯÷¤¯¨áã ¤® £à ä÷ª , ïª¨© § ¤ õâìáï¯ à ¬¥âà®¬ subbg ¢áâ ®¢«îõ ª®«÷à ä®ã £à ä÷ª  plot bakground olor�ãªæ÷ï olors() ¢¨¢®¤¨âì á¯¨á®ª  §¢ ¤®áâã¯¨å ª®«ì®à÷¢.6.3.4 �¨¬¢®«¨�®çª¨   £à ä÷ªã ¬®�ãâì ¡ãâ¨ ¯à¥¤áâ ¢«¥÷ ã ¢¨£«ï¤÷ ¯¥¢¨å á¨¬¢®«÷¢.Ǒ à ¬¥âà ph ¤®§¢®«ïõ ¢áâ ®¢¨â¨ â¨¯ á¨¬¢®«ã ÷ ¯à¨©¬ õ ïª ç¨á«®¢÷ â ª÷ á¨¬¢®«ì÷ § ç¥ï, à¨á. 6.28
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�¨á. 6.26. �ã«ìâ¨£à ä÷ª, à®§â èã¢ ï £à ä÷ª÷¢   ïª®¬ã ®ªà¥á«¥® § ¤®¯®¬®£®î äãªæ÷ù layout()
plot symbols :  points (...  pch = *, cex = 3 )
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�¨á. 6.27. �à ä÷ç÷ á¨¬¢®«¨, ïª÷ § ¤ îâìáï §  ¤®¯®¬®£®î ¯ à ¬¥âà  ph.
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�¨á. 6.28. �à ä÷ª § á¨¬¢®« ¬¨ ®ªà¥á«¥¨¬¨ §  ¤®¯®¬®£®î ¯ à ¬¥âàã ph6.3.5 �÷÷ùǑ®¤÷¡® ¤® á¨¬¢®«÷¢, á¥à¥¤®¢¨é¥ R ¤®§¢®«ïõ ®ªà¥á«¨â¨ â¨¯ ÷ è¨à¨ã «÷÷ù§  ¤®¯®¬®£®î ¯ à ¬¥âà÷¢ lty â  lwd, ¢÷¤¯®¢÷¤®. Ǒ à ¬¥âà lty ¯à¨©¬ õ§ ç¥ï ¢÷¤ 0 ¤® 6. �¥ä®«â¥ § ç¥ï lwd=1.�¨à¨  «÷÷ù ¬ áèâ ¡ãõâìáï ¢÷¤®á® ¤¥ä®«â®£® § ç¥ï ¯ à ¬¥âà lwd (¯® ¤¥ä®«âã lwd=1). � ç¥ï lwd=1.5 ®§ ç õ ¢ ¯÷¢â®à  à §¨ è¨àèã«÷÷î.6.3.6 �®§¬÷à á¨¬¢®«÷¢, «÷÷© â   âà¨¡ãâ÷¢ £à ä÷ª �®§¬÷à á¨¬¢®«÷¢, «÷÷ù   £à ä÷ªã ®ªà¥á«îõâìáï ¯ à ¬¥âà®¬ ex ÷ ¬ è-â ¡ãõâìáï ¢÷¤®á® ¤¥ä®«â®£® § ç¥ï (¯® ¤¥ä®«âã ex=1). � ¯à¨ª« ¤§ ç¥ï ex=2 ®§ ç õ ¢ ¤¢  à §¨ ¡÷«ìè¨© à®§¬÷à, ex=0.5 ¢ ¤¢  à §¨¬¥è¨©, ¢÷¤¯®¢÷¤®.� ï¢÷áâì ¯®å÷¤¨å ¢÷¤ á¥å ¤®¤ âª®¢¨å ¯ à ¬¥âà÷¢ ¤®§¢®«ïõ ¢áâ ®¢¨-â¨ à®§¬÷à¨ ®ªà¥¬¨å ª®¬¯®¥â £à ä÷ª 



88 6 �à ä÷ª¨ ÷ £à ä÷ç÷ ¯ à ¬¥âà¨ex.axis §¬÷  à®§¬÷à÷¢ § ç¥ì   ®áïå ¢÷¤®á® ¯ à ¬¥âàã exex.lab §¬÷  à®§¬÷à÷¢ ¯÷¤¯¨á÷¢ x, y ®á¥© ¢÷¤®á® ¯ à ¬¥âàãexex.main §¬÷  à®§¬÷àã  §¢¨ £à ä÷ªã ¢÷¤®á® ¯ à ¬¥âàã exex.sub §¬÷  à®§¬÷àã ¤®¤ âª®¢®£® ¯÷¤¯¨áã ¤® £à ä÷ª  ¢÷¤®á®¯ à ¬¥âàã ex6.3.7 � §¢¨ ÷ ¯÷¤¯¨á¨� §¢¨ ®á¥© ÷ ¯÷¤¯¨á¨ ¤® £à ä÷ªã ¬®�ãâì § ¤ ¢ â¨áï ¡¥§¯®á¥à¥¤ì® ¯ à- ¬¥âà ¬¨ £à ä÷çoù äãªæ÷ùmain -  §¢  £à ä÷ªãsub - ¯÷¤¯¨á ¯÷¤ £à ä÷ª®¬xlab -  §¢  ®á÷ åylab -  §¢  ®á÷ ãǑà¨ª« ¤> x <- seq(0,6*pi,by=pi/10)> plot(x,sin(x),type="b",ol="darkgreen", main="�à ä÷ª äãªæ÷ù> sin(x)",xlab="� ç¥ï   ®á÷ X", ylab="SIN(X)") ¡® § ¢¨ª®à¨áâ ï¬ äãªæ÷ù title()title(main=" §¢  £à ä÷ªã", sub="¯÷¤¯¨á ¯÷¤ £à ä÷ª®¬",xlab=" §¢  ®á÷ x", ylab=" §¢  ®á÷ y")� ¯¥àè®¬ã ¢¨¯ ¤ªã, é®¡ ¥ ¯®ª §ã¢ â¨   £à ä÷ªã  §¢¨ ®á¥©, ïª÷ ¯à-®áâ ¢«ïîâìáï £à ä÷ç¨¬¨ äãªæ÷ï¬¨  ¢â®¬ â¨ç®, ¢¨ª®à¨áâ®¢ãîâìáï à£ã¬¥â¨ xlab=, ylab= ¡¥§ § ¤ ¨å § ç¥ì.> x <- seq(0,6*pi,by=pi/10)> plot(x,sin(x),type="b",ol="darkgreen", main="",> xlab="", ylab="")> title(main="�ãªæ÷ï SIN(X)", sub="¤®¤ âª®¢¨© ¯÷¤¯÷á",> xlab="X", ylab="Y = SIN(X)")� á¨âã æ÷ù ª®«¨ ¥ ¯®âà÷¡® ¢¨¢®¤¨â¨  §¢¨ ÷ ¯÷¤¯¨á¨   £à ä÷ª å¢¨ª®à¨áâ®¢ãõâìáï £«®¡ «ì¨© ¯ à ¬¥âà ann='FALSE'.
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�¨á. 6.29. �à ä÷ª § ®ªà¥á«¥¨¬¨  âà¨¡ãâ ¬¨6.3.8 �¥ªáâ   £à ä÷ªã�®â æ÷ù   £à ä÷ªã à®§¬÷éãîâìáï §  ¤®¯®¬®£®îäãªæ÷© text() ÷ mtext(),¯à¨ç®¬ã text() ¤®§¢®«ïõ à®§¬÷áâ¨â¨ â¥ªáâ ¡¥§¯®á¥à¥¤ì®   £à ä÷ªã,  äãªæ÷ï mtext()   ®¤®¬ã § ©®£® ¯®«÷¢. �ãªæ÷ù ¬ îâì  áâã¯¨© á¨-â ªá¨á:text(x,y,tekst, ...)¤¥ x,y - ª®®à¤¨ â¨   £à ä÷ªã §  ïª¨¬¨ à®§¬÷éãõâìáï â¥ªáâ, tekst - á ¬â¥ªáâ, ... - ¤®¤ âª®¢÷  à£ã¬¥â¨.mtext(tekst, side, line, ...)¤¥ tekst - â¥ªáâ, é® ¢¨¢®¤¨âáï, side - áâ®à®  £à ä÷ªã,   ¯®«ïå ïª®ù ¢¨-¢®¤¨âìáï â¥ªáâ (1 = §¨§ã, 2 = §«÷¢ , 3 = §¢¥àåã, 4 = §¯à ¢ ), line - ¢÷¤áâ ì¢÷¤  ©¡«¨�ç®£® ªà î £à ä÷ª  ¤® â¥ªáâã (§ ¤ õâìáï ç¨á«®¬ â¥ªáâ®¢¨åàï¤ª÷¢).
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�¨á. 6.30. �à ä÷ª §  âà¨¡ãâ ¬¨ ®ªà¥á«¥¨¬¨ §  ¤®¯®¬®£®î äãªæ÷ù title()� àâ® § § ç¨â¨, é® á¥à¥¤ ¤®¤ âª®¢¨å  à£ã¬¥â÷¢ õ ¯ à ¬¥âà¨, ïª÷¤®§¢®«ïîâì §¬÷î¢ â¨ ¢¨£«ï¤ â¥ªáâ®¢¨å  ®â æ÷©. �  ¤®¯®¬®£®î ¯ à- ¬¥âà÷¢ font(1=plain, 2=bold, 3=itali, 4=bold itali, 5=symbol), ps , fami-ly("serif", "sans", "mono", "symbol") ¬®�  ¢áâ ®¢¨â¨ £ à÷âãàã, à®§¬÷à÷ èà¨äâ â¥ªáâ®¢¨å  ®â æ÷©   £à ä÷ªã.x<-seq(0,6*pi,by=pi/10)plot(sin(x)) # ¯®¡ã¤®¢  £à ä÷ªã § ®¢¨¬¨ ¯ à ¬¥âà ¬¨text(2,5," ")mtext("â¥ªáâ   ¯®«ïå", side = 4, line = 1)�ãªæ÷ï text() ¬®�¥ ¢¨ª®à¨áâ®¢ã¢ â¨áï ¤«ï ¢áâ ®¢«¥ï ¬÷â®ª   £à- ä÷ªã.x<-seq(0,6*pi,by=pi/10)plot(sin(x)) # ¯®¡ã¤®¢  £à ä÷ªã § ®¢¨¬¨ ¯ à ¬¥âà ¬¨text(2,5,"max. § ç¥ï")text(2,5,"min. § ç¥ï")
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�¨á. 6.31. �à ä÷ª § § ¤ ¨¬ â¥ªáâ®¬   ¯®«ïå�®®à¤¨ â¨ £à ä÷ª  ¬®�  ®âà¨¬ â¨ §  ¤®¯®¬®£®îäãªæ÷ù loator(1),¢÷¤¯®¢÷® ¤®§¢®«ïõ â®ç÷è¥ ¢áâ ®¢¨â¨ «®ª «÷§ æ÷î ¬÷â®ª   £à ä÷ªã.6.3.9 �¥£¥¤ �®¤ â¨ «¥£¥¤ã   £à ä÷ª ¬®�  ¢¨ª®à¨áâ®¢ãîç¨ äãªæ÷î legend(). �¨-â ªá¨á äãªæ÷ù ¬ õ ¢¨£«ï¤:legend(position, desription, title, bty, ...)¤¥ position - ®¡« áâì   £à ä÷ªã ¤¥ à®§¬÷éãõâìáï «¥£¥¤  ( ¯à¨©¬ õ§ ç¥ï "topleft", "top", "left", "enter", "right", "bottomleft", "bottom","bottomright"), desription - ®¯¨á  ¡® ¢¬÷áâ «¥£¥¤¨, title -  §¢  «¥£¥¤¨,bty - ¢áâ ®¢«îõ/áª á®¢ãõ à ¬ªã  ¢ª®«® «¥£¥¤¨, ... - ¤®¤ âª®¢÷ ¯ à- ¬¥âà¨.> x<-seq(0,6*pi,by=pi/10)> plot(sin(x),type='l',ol='green',ylim=(-2,2)) # ¯®¡ã¤®¢ # £à ä÷ªã § ®¢¨¬¨ ¯ à ¬¥âà ¬¨
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�¨á. 6.32. �÷âª¨   £à ä÷ªã § ¤ ÷ § ¢¨ª®à¨áâ ï¬ äãªæ÷ù text()> lines(os(x),type='l',ol='red')> lines(sin(x)+os(x),type='l',ol='blue')> legend("topright",legend=("sin(x)","os(x)","sin(x)+os(x)"),ol=("green","red","blue"),bty="n",lty=1)�®¤ âª®¢  ÷ä®à¬ æ÷ï ?legend a¡® help(legend).
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�¨á. 6.33. �à ä÷ª § ¢ª § ®î «¥£¥¤®î



7�®¤ â®ª �
7.1 öáâ «ïæ÷ï R�¥à¥¤®¢¨é¥ R ¤®áâã¯¥ ¤«ï à÷§¨å ¤¨áâà¨¡ãâ¨¢÷¢ Linux ÷ Unix ¯®¤÷¡¨åá¨áâ¥¬,   â ª®� ®¯¥à æ÷©¨å á¨áâ¥¬ â¨¯ã Windows ÷ MaOS.� ¢¨¯ ¤ªã Linux  ©¯à®áâ÷è¨¬ á¯®á®¡®¬ ÷áâ «ïæ÷ù R õ ¢¨ª®à¨áâ ï¬¥¥¤�¥à  ¯ ª¥â÷¢ â¨¯ã yum, apt. �«ï Red Hat  ¡® Fedora ÷áâ «ïæ÷ï §â¥à¬÷ «ã ¢¨£«ï¤ õ$ sudo yum install Röè¨¬ ¢ à÷ â®¬ ÷áâ «ïæ÷ù R õ § ¢ â �¥ï § ¤§¥àª «  á ©âã CRAN¢÷¤ª®¬¯÷«ì®¢ ®£® ¡÷ à®£® ¤¨áâà¨¡ãâ¨¢ã R â  ¢áâ ®¢«¥ï §  ¤®¯®¬®£®î¬¥¥¤�¥à  ¯ ª¥â÷¢ RPM$ rpm -ivh R-2.11.1.f11.i586.rpm�«ï à¥èâ¨ Linux ¯« âä®à¬ ¤¨áâà¨¡ãâ¨¢¨ ¤®áâã¯÷   á ©â÷http://ran.r-projet.org/bin/linux/� ¢¨¯ ¤ªã ®¯¥à æ÷©®ù á¨áâ¥¬¨ Windows ¢¨¡¨à õâìáï ®¤¥ § ¤§¥àª «á ©âã CRAN, § ¢ â �ãõâìáï ÷áâ «ïæ÷©¨© *.exe ä ©« ÷ ¢áâ ®¢«îõâìáïã ¢¨¡à ã ¤¨à¥ªâ®à÷î/¯ ¯ªã ®¯¥à¥æ÷©®ù á¨áâ¥¬¨ Windows.7.2 � ¯ãáª R� Linux/Unix R § ¯ãáª õâìáï ¢ ¢÷ª÷ â¥à¬÷ « , �¨á.7.1$ R�¨ª®à¨áâ®¢ãîç¨ ¤®¤ âª®¢÷ ¯ à ¬¥âà¨ R ¬®�  § ¯ãáâ¨â¨ § Tl/Tk£à ä÷ç¨¬ ÷â¥àä¥©á®¬$ R -g Tk
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�¨á. 7.1. �÷ª® â¥à¬÷ «  ¢ á¨áâ¥¬÷ Linux/Unix� Windows § ¯ãáª îâìáï   ¢¨ª® ï ä ©«¨ R.exe (à®¡®â  ¢ â¥à-¬÷ «÷ Rterm)  ¡® Rgui.exe (à®¡®â  § £à ä÷ç¨¬ ÷â¥àä¥©á®¬ RGui).öáãîõ àï¤ £à ä÷ç¨å à¥¤ ªâ®à÷¢ â  ÷â¥£à®¢ ¨å á¥à¥¤®¢¨é IDE, ïª÷¤®§¢®«ïîâì ®¯â¨¬÷§ã¢ â¨  ¯¨á ï ¯à®£à ¬   R ¢ § «¥�®áâ÷ ¢÷¤ ÷¤¨-¢÷¤ã «ì¨å ¯®âà¥¡ ÷ ã¯®¤®¡ ì1.7.3 � ¯ãáª áªà¨¯â®¢®£® ä ©«ã *.R�®¬ ¤¨  ¡® äãªæ÷ù R § ¯¨á ÷ ¢ â¥ªáâ®¢®¬ã ä ©«÷ ã ¢¨£«ï¤÷ áªà¨¯âã(¯à®£à ¬¨   R) ¬®�  § ¢ â �¨â¨ ÷ § ¯ãáâ¨â¨   ¢¨ª® ï ¢¨ª®à¨-áâ®¢ãîç¨ äãªæ÷î soure(). � ¯à¨ª« ¤ ¬ õ¬® â¥ªáâ®¢¨© ä ©« Srypt.Rïª¨© ¬÷áâì äãªæ÷î print(). � à¥§ã«ìâ â÷ § ¯ãáªã áªà¨¯âã Srypt.R ®âà-¨¬ õ¬®> soure("Srypt.R")[1℄ "Ǒà®áâ® çã¤®¢¨© ¤¥ì!"�áâ ®¢«îç¨ ¯ à ¬¥âà eho=TRUE ¢ ª®á®«÷ ¢¨¢®¤¨¬ãâìáï ª®¬ ¤¨/äãªæ-÷ù R ¯¥à¥¤ à¥§ã«ìâ â®¬ ùåì®£® ¢¨ª® ï> soure("Srypt.R",eho=TRUE)> print("Ǒà®áâ® çã¤®¢¨© ¤¥ì!")[1℄ "Ǒà®áâ® çã¤®¢¨© ¤¥ì!"
1 �¨¢. ¯¥à¥«÷ª   á ©â÷ http://uk.wikipedia.org/wiki/R (¬®¢  ¯à®£à ¬ã¢ ï)



96 7 �®¤ â®ª �7.4 � ¯ãáª R ã ä®®¢®¬ã à¥�¨¬÷Ǒà®£à ¬¨  ¯¨á ÷ ¢ R ÷ §¡¥à¥�¥÷ ã ¢¨£«ï¤÷ áªà¨¯â÷¢ (ä ©«¨ à®§è-¨à¥ï¬ *.R) ¬®�  â ª®� § ¯ãáª â¨ ã ä®®¢®¬ã à¥�¨¬÷. � ¯à¨ª« ¤à¥§ã«ìâ â ¢¨ª® ï ¯à®£à ¬¨  ¡® áªà¨¯âã my sript.R áª¥à®¢ãõâìáï ¢®ªà¥¬¨© ä ©« resultaty.out# ¢ UNIX á¨áâ¥¬ åR CMD BATCH [options℄ my_sript.R resultaty.out# ¢ Windows"C:\R-2.11.0\bin\R.exe" CMD BATCH--vanilla --slave ":\my projets\my_sript.R"



8�®¤ â®ª �
8.1 �¡'õªâ formula�®à¬ã«  formula ¢÷¤÷£à õ ¢ �«¨¢ã à®«ì ¢ áâ â¨áâ¨ç¨å à®§à åãª å §¢¨ª®à¨áâ ï¬ á¥à¥¤®¢¨é  R , ®ªà¥á«îîç¨ ¬®¤¥«ì §£÷¤® ïª®ù   «÷§ã¢ â¨-¬ãâìáï ¤ ÷. � ¢¥¤¥÷ ¨�ç¥ ¯à¨ª« ¤¨ ¢÷¤®¡à � îâì § ¯¨á ä®à¬ã«¨¢÷¤¯®¢÷¤® ¤®   «÷â¨ç®£® ¢¨£«ï¤ã áâ â¨áâ¨ç®ù ¬®¤¥«÷�«ï «÷÷©®ù § «¥�®áâ÷ § ¤¢®¬  ¥§ «¥�¨¬¨ §¬÷¨¬¨ x1 i x2 ¢¨¤ã

y = b0 + b1x1 + b2x2 + ǫä®à¬ã«  ¬®¤¥«÷ ¢÷¤¯®¢÷¤® ¬ õ ¢¨£«ï¤y ~ x1+x2�÷÷©  § «¥�÷áâì ¢ª«îç õ ¢ á¥¡¥ â®çªã ¯¥à¥â¨ã § ¢÷ááî y. � áâã¯ ä®à¬ã«  ¤®§¢®«ï ¢¨ª«îç¨â¨ â®çªã ¯¥à¥â¨ã § ¢÷ááî ®à¤¨ ây ~ 0+xy ~ -1 + xy ~ x - 1� â¨¬ â¨ç÷ ®¯¥à â®à¨ ×,-,^, ÷ : ¢ ¢¨¯ ¤ªã ¢¨ª®à¨áâ ï ùå ã ä®à-¬ã« å «÷÷©®ù à¥£à¥á÷ù ¯à¨©¬ îâì §®¢á÷¬ ÷è¨© §¬÷áâ.
• �¯¥à â®à :�®à¬ã« y ~ x1:x2¢÷¤¯®¢÷¤ õ «÷÷©÷© § «¥�®áâ÷ ¢¨¤ã

y = b0 + b12x1x2 + ǫ

• �¯¥à â®à ×�®à¬ã« 



98 8 �®¤ â®ª �y ~ x1*x2¥ª¢÷¢ «¥â  § ¯¨áãy ~ x1+x2+x1:x2÷ ¢÷¤¯®¢÷¤ õ «÷÷©÷© § «¥�®áâ÷ ¢¨¤ã
y = b0 + b1x1 + b2x2 + b12x1x2 + ǫ

• �¯¥à â®à ^�®à¬ã« y ~ (x1+x2)^2¥ª¢÷¢ «¥â  § ¯¨áãy ~ x1+x2+x1:x2÷ ¢÷¤¯®¢÷¤ õ § «¥�®áâ÷ ¢¨¤ã
y = b0 + b1x1 + b2x2 + b12x1x2 + ǫ

• �¯¥à â®à -�¨ª®à¨áâ®¢ãõâìáï ¤«ï ãáã¥ï ª®¬¯®¥â § ä®à¬ã«¨. � ¯à¨ª« ¤ä®à¬ã« y ~ (x1+x2+x3)^2 - x1:x3¥ª¢÷¢ «¥â  § ¯¨áãy ~ x1 + x2 + x3 + x1:x2 + x2:x3÷ ¢   «÷â¨ç÷© ä®à¬÷ ¢÷¤¯®¢÷¤ õ à÷¢ïî
y = b0 + b1x1 + b2x2 + b3x3 + b12x1x2 + b23x2x3 + ǫ

• �¯¥à â®à I(...)¤®§¢®«ïõ § ¯¨áã¢ â¨ ª®¬¯®¥â¨ ä®à¬ã«¨ § ®¯¥à â®à ¬¨ :,×,^,- ïª§¢¨ç ©¨¬¨  à¨ä¬¥â¨ç¨¬¨ ®¯¥à â®à ¬¨. � ¯à¨ª« ¤ ä®à¬ã« y ~ x1+I(x2+x3)¢   «÷â¨ç÷© ä®à¬÷ ¢÷¤¯®¢÷¤ õ § «¥�®áâ÷
y = b0 + b1x1 + b2(x2 + x3) + ǫ
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1. K. Hornik, The R FAQ, http://ran.r-projet.org/do/FAQ/R-FAQ.html,20092. W. N. Venables, D. M. Smith and the R Development Core Team, An Introduti-on to R, http://ran.r-projet.org/do/manuals/R-intro.pdf, 20093. J. Verzani, Using R for Introdutory Statistis,CHAPMAN & HALLCRC,20054. W. N. Venables and B. D. Ripley,Modern Applied Statistis with S , Springer,2002.5. J. J. Faraway, Pratial Regression and Anova using R, 20026. R Journal, http://journal.r-projet.org/, 2001-20107. M.J. Crawley, The R Book, Wiley, 2007
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