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There is an important difference in philosophy between S
(and hence R) and the other main statistical systems. In
S a statistical analysis is normally done as a series of

steps, with intermediate results being stored in objects.

— An Introduction to R



» HENAREZARTEN, SMSRESRENVELRIIE
R ERY, FRUSEFNE.

DA
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v
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» EEXRYEIZE (object-oriented programming) &—ZRIEE
. ERNRIEARFNEARRETT, BEFNEIER

(encapsulate) A, MRS ENER MY, RIEEMNT R

DA



R SEHEXNZR

» HEIXNRIEIZE (object-oriented programming) & —M4RIESE
X BRENREAEFNERETT, FEFIHES X
(encapsulate) HA, DURSTRENERM, RIEENT EE.

» R 2—MATHINTENLENZERRITE SIS,
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R SEHEXNZR

» HEIXNRIEIZE (object-oriented programming) & —M4RIESE
. ERNRIEARFNEARRETT, BEFNEIER
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R SEHEXNZR

» HEIXNRIEIZE (object-oriented programming) & —M4RIESE
. ERNRIEARFNEARRETT, BEFNEIER
(encapsulate) A, DURSMEGNERME, ROEMENYT RIE.

» R B—MATSIHTENSENERZITES RGNS,
WO T R G R MR 1.

» R BARINAE—MRHIES, BEEFEHFHEHRANRRE.

» R REHRRARZUEMNRA LN THRITRBEMEE.



— PN EEXNR RGO
(method).

SCIMRVZE (class) FIA7&
» KEX THRABRHENELEERES HMENXR

DA



— PN EEXNR RGO
(method).

SCIMRVZE (class) FIA7&
» KEX THRABRHENELEERES HMENXR
I\

(instance)

EN-CES S
MR—PHRETEN K, WIRZN REZX D KAISLS]



RKMAE

— P HENRRGHZ O ESEIMAIZE (class) M777E
(method).
» XKEXTHRAFFEENELBERESHMENXR.
» MR—PHRRETENDE, WIRIZNREX LRI
(instance).

> AR MERERINRKEKAIRE.
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» S3SKH T —METZRERENEENRITR.

40> «Fr « =)

DA



» S3SKH T —METZRERENEENRITR.

> SRERBE-MEIRRERE, ERECANRIERRTE R
R B 77E.

DA



S3 fas

» S3 UM T —METFZRRHBNERANRAR.

» SZEREE —TSARNRE, HAREE AN RIERRE R
FAB™ BRI 7705

» EENRTE R FREZRRE print, summary 1 plot K77
. XEFTEARFRNUUNERA—MZ R4, bl
summary(), TLEEARIE— M RAENLERETE.



x <- rep(0:1, c(10, 20))

summary (x)
## Min. 1st Qu. Median Mean 3rd Qu
## 0.000 0.000 1.000 0.667 1.000
y <- as.factor(x)
summary (y)
## 0 1

## 10 20

Max.

1.000




S3 WMREFFEZR— list FE—1BA class WEMYE, TEHN
BIFRUFET — foo EMIXNRIR class() EREEME.

x <=1
x <- structure(l, class = "foo")
attr(x, "class") <= "foo"
X
X
## [1] 1
## [1] 1
## attr(,"class")
## attr(,"class")
## [1] "foo"
## [1] "foo"
class(x)
class(x)
## [1] "foo"
## [1] "foo"
«O>» «Fr «Zr «=>» E A



S3 RBERXRERBEXRAZMEN. — I RAUEZNE
B RMWAHE class BER—NEE.

class(x) <- c( , )

class(x)

## [1] "foo" "bar"



77593 (method dispatch)

FEDTREIERZBYREL (generic function) SRR TE XNt
KEBNAE. FIEZREREHELELOER: —N XHIRE
%, AR UseMethod() RTE AN RDIRMEN 7775, XBERS
ZBRE N ERRE SR, bl mean()

mean

## function (x, ...)
## UseMethod("mean")
## <bytecode: 0x102f0eab0>

## <environment: namespace:base>



UseMethod() IRIEIT R class BIERREDIRTLFTE,
FRIATT B generic.class AT AR & A BERR UseMethod() X
2, toan:

mean.numeric <- function(x, ...) sum(x)/length(x)
mean.data.frame <- function(x,
mean.matrix <- function(x,

..) sapply(x, mean, ...)
..) apply(x, 2, mean)

«O» «F

it
v

it
-

DA



WMR class BER— N EE ¢("foo”, "bar”), MRLFEIHK

mean.foo, R[5 mean.bar, B2JG mean.default.

bar <- function(x) UseMethod('bar", x)
bar.default <- function(x) "default"
bar.y <- function(x) "y"

bar.z <- function(x) "z"

foo <- structure(l, class = "nonsense')

bar (foo)
## [1] "default"

foo <- structure(l, class
bar (foo)

C("y", "Z"))

## [1] nyu

«O> «Fr <

it
v
it

DA



BT class BHERIAZEMAE, Frld S3 FRIHRAK R BRMR
WMA class BERRT— MR ERE—THIFEE. NextMethod() B
HAIERT— RN ERIRRNATNR L.

bar.son <- function(x) c("I am son.", NextMethod())
bar.father <- function(x) c("I am father.")

foo <- structure(l, class = c("son", "father"))
bar(foo)

## [1] "I am son." "I am father."

u}
8]
1
n
it

DA



S3 M RAVER =

S3 MRALS HMMEEMNRAZS ANt —RIar&
M. class [B1, generic.class A% TVRE T HITAH. FAIUER
AYN5IE—LEE. tbanA A U EERAMmSGT 2K
BHISE.

foo <- structure(l, class = )

bar (foo)
## [1] "default"
bar.z(foo)

## [1] LA



class BRI MR ERBRMAEEZENEEMR. BR—PMFR
WU class BRTMNREBNBERSME class() REURI.

x <=1
attr(x, ) <-

X

## [1] 1
## attr(,"my_cool_class")
## [1] "foo"

class(x)

## [1] "numeric"



class BB ZNMER, IKXEEEMEREEEENAEH
MK, BT class BIERINFERE 7T RDIRBINAE.

class(foo) <- c("y", )
bar (foo)

## [1] llyll

class(foo) <- c( s )
bar (foo)

## [1] "Z"



MBBEUE—MEVIERRBHEITRA, 4 HDHE,
FBURIEAR

cov(Bo, B1) = —

X 2
> (xi— %2
Do BAMET B E A UREATIE

Var(fo) = (1/n+

Var(B) = <2

DA



fit <- Im(dist ~ speed, data

= cars)
sigma2 <- sd(fit$residuals) 2

sigma2

cov <- -mean(cars$speed)/sum((cars$speed - mean(cars$speed))”2) *
mean(cars$speed))~2)) * sigma2

var_beta0 <- (1/nrow(cars) + mean(cars$speed) "2/sum((cars$speed -

var_betal <- sigma2/sum((cars$speed - mean(cars$speed))"2)

1 2
1 4474 -2.60
2

-2.60 0.17




» (BREIREAZE T EZNMEITHHRE T —RIFARTT EZ/0MH
1T, HEHESKRENEANSHE X B TREHIVEE

MZAEHENREREEERDINRE. B2FHNTATLUF]
FA summary() KB Im WREEHA—T DT, RETRE
summary() JREINNRFRITTE.

sigma2 <- summary(fit)$sigma~2



» BRENIREZE T ENGITHRE T AR ENG

1T, HEHESKRENEANSHE X B TREHIVEE

MZAEHENREREEERDINRE. B2FHNTATLUF]
FA summary() KB Im WREEHA—T DT, RETRE
summary() JREINNRFRITTE.

sigma2 <- summary(fit)$sigma~2

REF veov() EELEPAFELEN Im HE.

veov(fit)
## (Intercept) speed
## (Intercept) 45.677 -2.6588

## speed -2.659 0.1727



co2.d <- decompose(co2, type = )
plot(co2.d$x, ylim = c(0, 400), type = )
lines(co2.d$seasonal)

lines(co2.d$trend)

lines(co2.d$random)

decompose() ¥ IRH T I EF
FIZEERE (ts) M=, Al
B RO BENFTIEE 525!
el
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T T T
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Time



m <- cbind(co2.d$x, co2.d$seasonal, co2.d$trend, co2.d$random)

co2.mts <- ts(m)

plot(co2.mts)

c02.d$x

c02.d$season:

co2.dstrend

o230 M0 3609%

co2.d$random

a4

0

co2.mts

o 100 3 a0

Time

ts() EREUPT AR BHE A B —ITEX
ZITHNNERY. B REHNF
SIBRRFEREE, £R—1N%TT
iSRS, FHER plot() 2B
il % Tt BIFESIE.



HE WA A BN
decomposed.ts RN REFH
7375 plot.decomposed.ts().

plot(co2.d)

jom

Decomposition of multiplicative time series




» methods() EREAI LA RREK S3 E£MITE. U

methods(generic.function=predict) B methods(class=Im).

«O» «Fr «=»

« =

DA



» methods() EREAI LA RREK S3 E£MITE. U

methods(generic.function=predict) B methods(class=Im).

» getS3method(f, class) Tz B BREON 1 TE W R 77 7ARISEIN.

DA



S3 XM REH/NE

> methods() EEATIFRER S3 EANE. A0
methods(generic.function=predict) B methods(class=Im).

» getS3method(f, class) iz B EREON R E XN R 77 ARISEIN.
» T ARAILAIEREL, ATBORIE getAnywhere().



SR R S4 REMNRRL



AT AER setClass() BRECRTE SHTRY S4 KB WHFTE—
PMERRTARSWUNFAES S & representation SHFATENX
KHBIE (slot) ReE KR

setClass(Class

"Person", representation(name
age = "numeric"))

"character",

«O> «F

it
it
v

DA



S4 Bt S3 FATIRHIAERKZ, B contains £

ins SEERT. H
WFHR—DRRTIWNERE, WEHELESSELNTFE
TREDIRAEFBRENE, FrEXGHHENE

setClass(Class = "Reporter
contains = "Person')

representation(title

character")

DA



A new() REFTRZEDNEINR. L 54 SREB BN
AERNRUZ BT ETEENPIERIZER, MRARFNUREERIE
NES

yuchen <- new("Reporter", name = "yuchen', age = 22, title = 22)

## Error: invalid class "Reporter" object: invalid object for

slot "title" in class "Reporter": got class "numeric", should be

or extend class "character"

yuchen <- new("Reporter", name = "yuchen'", age = 22, title = "R and 00P")

u}
8]
1
n
it

DA



£ S3 N ERER § KhE— I NROEKE, ERE S4
MRPE(ERQ,
yuchen@name

## [1] "yuchen"

slot (yuchen, "age")

FEYUIRENBEERINE, FTUER slot() REE.

## [1] 22

DA



RERBMENRANME

HENAAENBUHREN, HEAMERBIERIAEEAIE
INME. B F2EBYN numeric BB, EERINMEA numeric(0).
ENBIAMEERAZERX, XEPILA prototype SHEIREHEK
UNIES

setClass( , representation(name = , age =
prototype(name = NA_character_, age = NA_real_))

new( , name = ) Gage

## [1] NA



TEXAAEE.

RA B EXBENSEEERE, FHET validity S

CheckAge <- function(object) {

if (object@age <= 0) {

}

validity = CheckAge)

stop("Age is negative.")
¥

setClass("Person", representation(name = "character"

new('Person", age

-5)
## Error:

Age is negative.



RSB BT S3 K, BREERA setGeneric() B
. ZRBENE- NSRRI EXTERENSHRIRE,
B standardGeneric() B4

setGeneric("prepare”, function(object) {

standardGeneric("prepare")

b

u}

8]
it
it

DA



X EFERRRE

cat("Got Materials.\n")
1))

TERNEXER setMethod() K%L, F A signature() BREE
REL

setMethod ("prepare”, signature(object = "Person"), function(object) {

prepare (new("Person"))

## Got Materials.



RITTIA.

callNextMethod ()

cat("Slides are ready.\n")
1)

5 callNextMethod() RAMBREXARNNRILEE

setMethod("prepare”, signature(object = "Reporter"), function(object) {

prepare (new("Reporter"))

## Got Materials.

## Slides are ready.



> is() BREFIURREBE N RIER, M getSlots() AINEER
EMBERMENEX.

DA



> is() BREFIURREBE N RIER, M getSlots() AINEER
EMBERMENEX.

» showMethods() FIREBZERBELE XK.

DA



S4 MR\

> is() EREAIFREBNRIER, MM getSlots() AIUEEF
KB RBMEREX.

» showMethods() FAREBZHEEMEZRTE XK.

» Bioconductor Ml Matrix BJ#ET S4 WRHEE RTINS
BAR, AIUEAR—SHRRIMEL.



» Reference Class 84 R5, 2 2.12 lRAEFTHIMAI R ZH
25,R5 Se2 A R S2I, EANSISEML Java F1 C#. &
A ?ReferenceClasses & HEEE.

DA



» Reference Class 84 R5, 2 2.12 lRAEFTHIMAI R ZH
25,R5 Se2 A R S2I, EANSISEML Java F1 C#. &
A ?ReferenceClasses & HEEE.

» E=ZFEREIONRERL: R.oo, proto 1 mutatr.

DA
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# S3
al <- a2 <- a3 <- a4 <- ab <- 0

class(al) <- "Instrument"

class(a2) <- c("Stringed", "Instrument")

class(a3) <- c("Wind", "Instrument')

class(ad4) <- c("Brass", "Wind", "Instrument')

class(ab) <- c("Woodwind")

# S4

setClass("Instrument", representation("VIRTUAL", tune = "character"))
setClass("Stringed", representation("Instrument'))

setClass("Wind", representation('Instrument"))

setClass("Brass", contains = "Wind")

setClass("Woodwind", representation(tune = "character"))

«O> «Fr <

it
.
it
v
[y

DA



# S3

play3 <- function(x, ...) UseMethod('play3")
play3.Instrument <- function(x) print("I am a Instrument")
play3.Stringed <- function(x) print("I am a Stringed")
play3.default <- function(x) print("I don't know who I am")

# S4

setGeneric("play4", function(object, ...) standardGeneric('play4"))

setMethod("play4", "Instrument”, function(object) print(paste("Play:",
object@tune)))

«O> «Fr <

it
.
it
v
[y

DA



play3(al)

## [1] "I am a Instrument"

play3(a2)

## [1] "I am a Stringed"

play3(a3)

## [1] "I am a Instrument"

play3(ad)

## [1] "I am a Instrument"

play3(ab)

## [1]

"I don't know who I am"




play4(new("Stringed", tune

"I am a Stringed"))
## [1] "Play: I am a Stringed"

play4(new("Wind", tune

"T am a Wind"))
## [1] "Play: I am a Wind"

play4(new("Brass", tune

"I am a Brass"))
## [1] "Play: I am a Brass"

play4(new("Woodwind", tune

"T am a Woodwind"))
## Error:

for signature '"Woodwind"'

unable to find an inherited method for function 'play4'



	面向对象简介
	使用已有的对象: S3对象系统
	创建新的对象: S4及其他对象系统
	S3和S4对比示例

