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2 as Vector

splines-package mRA TS VL 7 5

Description

FIER T 51 VEBE 7T,

Details

DN T =V BATTAUR=AD bs EHRIRAT 514V R—=AD ns Z2ffi> 7=
EREATT A v EHWEED D DEEZ T 5.

B D527 ) X MZX U TIE library(help = "splines”) %f# 5.

Author(s)

Douglas M. Bates <bates@stat.wisc.edu> & William N. Venables <Bill.Venables@csiro.au>

EHE : R Core Team <R-core@r-project.org>

asVector ATV MRS P LAREIERT 5

Description

INITRTHEETH D, ZOBBIZRTIAY Yy RZEZoNEZI T ADLA T
K& ANRZ MVIZHREIZ BT 5.

Usage

asVector(object)
Arguments

object T b,
Details

LW I ATDORY MILADREIZEE A Y v R as.vector BIE T3/ < asVector #&
BRI U TE S i i 5742\, as.vector BT NERI T H 0 B 1395
RT &R\, BUE asVector AV v RZ&KDME—D 27 7 Al xyVector TH 5.

Value

N7 M.

Author(s)
Douglas Bates & Bill Venables



backSpline 3

See Also

xyVector

Examples

require(stats)
ispl <- interpSpline( weight ~ height, women )
pred <- predict(ispl)

class(pred)
utils::str(pred)
asVector(pred)
backSpline P i A
Description

WM EHRAT I v OBPFLN 2 ES.

Usage
backSpline(object)
Arguments
object 2 Z A nbSpline £ 7z 1% npolySpline Z kKT B2 ATV 7 b, DE D,
A7Vl MIARBHEA T I 1 v ERELULRTNIER S0,
BAZ 74 VRHTER SN LLZHARBETERW. X754
VIRENBHREPFANE SN F v I I B,
Value

2 Z A polySpline DA 7Y =2 kT object TREINDAT 74 v DOMEKIZARSE XD
727y MLE T Y Rl & D R E R DB DX 5N IH AR 2 KD, Bl
W ZDA TV ME/ v MLE TR R EEIZR S LS ITHERI TR
T2OIZAT T4 TR, LALAEDYS 2R UIEUIEE y/x ANDHA T T 1 v &
DEDRDRWVEME SR 5.

Author(s)
Douglas Bates & Bill Venables

See Also

interpSpline

Examples

require(graphics)

ispl <- interpSpline( women$height, women$weight )

bspl <- backSpline( ispl )

plot( bspl ) # /v hogEELETTOY
points( women$weight, women$height )



bs ZHAAT T4 VW TBEBAT T4V DR—2R

Description

ZHERATTA VI TEB AT T4 v R=2AFH %2 £k T 5.

Usage

bs(x, df = NULL, knots = NULL, degree = 3, intercept = FALSE,
Boundary.knots = range(x))

Arguments
X FHIZR. REBMEIFIN 5.
df HHE : knots T df Z2HETE S ; bs() &% 5§ B & df-degree

D/ v b HERHNIESAF A DE x DY 720 5 v RAIVALEIZ
WAET HREMEITEG ST ND). BEED NULL ENE/ v b LIS
95, DED degree - intercept.

knots AT T4V EREHRT DN . BEEMEIXNLL T, @H DL IHA
RIS 5 N—2AIZmE S 5. MR ZRHEIEZ—2D /) v Mz LT
TP AT 4TV T, $0ELKD/ v MZHLTIEZ A Y XAILT
5. Boundary.knots H i XK.

degree KW HADRBE—RETIEFa— Yy 7 A7 14 iz LTk
3.
intercept H U TRUE 22 SEIFIEAR =2 IZ&H 515 ; BEE Tld FALSE.

Boundary.knots B A7 T4 VDR—A% L X HER M (WEETIEINA TRWT — XD
FH). H U knots & Boundary.knots Dii G52 55 L, XR—ZADN
T A—=RIE x IZHFET S, T — &1L Boundary.knots ZH X THOTH
Huw,

Details

bs I3BEEX spline.des IZMRIEL TWA., ZHIIBEIN/ZAE /v b L IREEFRD, x D
ECHAN X N2 KWL EHAEDRED 2 DR —Z2ADF75 &2 Ek$ 5. EEAliH
HZETNVHORDNZRLZIHAZEH#EIIBCT 2 RARDET Y v JITH 5.
Boundary.knots 2 range(x) DHNEBIZERE T N7/-RFE, bs() X 5PMOREIZN U TE
BLREFNTNOER ) v PNHTERY &S, RON—Ya v <322 Tk, R
Jy NAKPERY e LU THLNTED, ZhiddrsBLRWHIMIEL S,

Value

IRJG c(length(x), df) DIFFIT, T I Tdf BEEINE D, £721F3H U knots A
INB e LYFBHNIL IF = length(knots) + degree 7J A 1. bs ~NDFIEUZ It
THEMEMIRE N, £ LU T predict.bs() T S 72T knots, Boundary . knots & % H/R
Rz G2 5.

Author(s)

Douglas Bates & Bill Venables. R Core {2 & D ffE1E X %1, Boundary.knots D“#Mil»~ D
AN DIEIE/N Y F X Trevor Hastie (Z & %



interpSpline 5

References

Hastie, T. J. (1992) Generalized additive models. Chapter 7 of Statistical Models in S eds J. M.
Chambers and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

ns, poly, smooth.spline, predict.bs, SafePrediction

Examples

require(stats); require(graphics)

bs(women$height, df = 5)

summary(fm1 <- lm(weight ~ bs(height, df = 5), data = women))
# BERF R DH

plot(women, xlab = "Height (in)", ylab = "Weight (1b)")

ht <- seq(57, 73, length.out = 200)

lines(ht, predict(fml, data.frame(height = ht)))

interpSpline AT Z4 v 2ES

Description
x &y R Ml(default AV v )y oh, flAEDYE formula/ data. frame (formula A
Vv ) POHIEAT T4 v EES.

Usage

interpSpline(obj1, obj2, bSpline = FALSE, period = NULL,
na.action = na.fail, sparse = FALSE)

Arguments

obj1 x FEOEAENR 7 S A

obj2 H L obj1 BEUER SIXZNIEFA U RS OEIENRZ ML TRITNIER S
20, B U objl ARG S IXZNEARFTOA4FTZFTHET 2 A4 TV 3
VDT =R I —LETEHIENHKD.

bSpline HEUTREEARSIED AT TA4 VREDIEIH, IHERITNEX DN IE
REHPE XS ND. B TIE FALSE.

period JAYHN A 754 ViS5 52X 54 7Y a v OIER.

na.action F—XPBNA ZEURAPEI ZRENEZIBRTEA T a VK B

EDT 73 (na.omit) I TOARELRLBRMEEZIO KRS, 50
EDDT VY3 na.fail ERELET — X 3B NIL interpSpline 12T
T—Avtk—VEHITEIET .

sparse HEEIZH 5 splineDesign IZIEINLHMBEUE S LELRSIE, A€V %
HFUBE L LSS L b 2 5.



Value

(S3) 7 5 A spline KT E2A TV b, ATV VEIBRAT IS4 VRBTHY
2, ZTOBERZZTNIZHARB AT 714 12T 52 7 A nbSpline 12745, 2K
MZIHARBIZRD, ZDEHEZNIE2 7 A npolySpline (272 5.

Author(s)
Douglas Bates & Bill Venables

See Also

splineKnots, splineOrder, periodicSpline.

Examples

require(graphics); require(stats)

ispl <- interpSpline( women$height, women$weight )

ispl2 <- interpSpline( weight ~ height, women )

# ispl & ispl2 (AL TRIFNIEARS AL

plot( predict( ispl, seq( 55, 75, length.out = 51 ) ), type = "1" )
points( women$height, women$weight )

plot( ispl ) # /v hO&EEALTTOY b

points( women$height, women$weight )

splineKnots( ispl )

ns HRBIRAT 74 VNS B R— 2175 % KT 5

Description

HARIBRATTA VIZHTBEB AL TV DR— 2552 EKT 5.

Usage

ns(x, df = NULL, knots = NULL, intercept = FALSE,
Boundary.knots = range(x))

Arguments
X FHIZR. REMEIFINS.
df HHE. /v hOROVIZIF 2525280 TES ; 259 5% ns()
I$df - 1 - intercept fD ./ v b % x OURIEMIFIER X 41 5)H 212
BIENZT 4 VY RANVITGER, BEED dAf = 113/ v MELIZHIGT
5.
knots ATITA4VEEHRTHHEN. METIX /v MEZaw; BRGERZE

P IIZ I DOFERIT x 1T SHIEERICN 9o R— AT/ 5. i
R 7ML —2D 7 » MZH U T EER AT T T, BED /) v
MZXUTIEZ > %41, Boundary.knots & H XK.

intercept £ LU TRUE 2 61, IR HEAR—ZFZ 4D 5N 5 ; BEE Tl FALSE.



periodicSpline 7

Boundary.knots % ZIZHARLREREMEZRL B AT T1 VDN —2 % #E  Bift sl(WERE
TlET — X O#HiPH). H L knots & Boundary.knots 23 Gt X 3
&, R=2ZAD/)NT7 A —=&IF x ITHKEFEL 7\, T — &1L Boundary . knots
BHEITIED>TH R

Details
ns 1ZBEH% spline.des IZED K. TNIFBEINLZNE/ v M BRGER KM Z2FD
KIBIRA T T A UHRIZHT 2 R— 275 % T 5. TS IZBEEAEER ) v M2
ABEMILTHE L NS HRERL. HH v NE5ABILHTE, BETIRT — X
DIGAEIZ 72 5.

FELAAEBEZET) VIOARPTETNVTOERA TS SA VIHZEREET B ThH
%.

Value

RIT length(x) * df DITFH|T, ZZTdAdf IZFBEINZD, H U knots LI TV
5 L df = length(knots) + 1 + intercept &725. B[ ns IZXfI& U predict.ns() Tff
XN 3 knots, Boundary.knots SEWHHRIIZE X SN B EENRE NS,

References

Hastie, T. J. (1992) Generalized additive models. Chapter 7 of Statistical Models in S eds J. M.
Chambers and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

bs, predict.ns, SafePrediction

Examples

require(stats); require(graphics)
ns(women$height, df = 5)
summary (fm1 <- Im(weight ~ ns(height, df = 5), data = women))

# ED/ v NPBIFNEAERZICIE
attr(terms(fm1), "predvars")

# RRBETFROH

plot(women, xlab = "Height (in)", ylab = "Weight (1b)")
ht <- seq(57, 73, length.out = 200)

lines(ht, predict(fml, data.frame(height = ht)))

periodicSpline A e i A T o4 VR ES

Description

x &y RZMUPSD, ERIEFEARIT—X 7L —LDHMAGDLED S EMA LM A 7
SAvEES.



8 polySpline

Usage

periodicSpline(obj1, obj2, knots, period = 2xpi, ord = 4)

Arguments
obj1 x EOEAER 7 S b
obj2 H L obj1 BBUEZ SIXZNIEAUEZS OBUERZ ML TRITNIER S
2. B U objl BARLR S IXZ NIEARNT DL4FTZ Z DO THHMIi$ %
FTarvDTF =TV —LIZH D Z e HHkS.
knots Jw MIEDA TV a VEIENRZ L.
period JAAR A T 5 A Zxdd Biligs % 52 2 1IEHME. BEE Tld 2 + pi.
ord AT T4V ORB e G2 58T, Dadtd2 BETIEL XTI
1V DIRBDEFZIZDOWTIE splineorder % H X.
Value

7 7 A spline 2K T E2A TV b ATV MEIB AT T4 VREIZRD
2, TOHEZTNIX pbSpline A 7V 7 b, FRRERSMLZIHAXRB S ARETH S
(ppolySpline 7T 2 ).

Author(s)
Douglas Bates & Bill Venables

See Also

splineKnots, interpSpline

Examples

require(graphics); require(stats)

xx <- seq( -pi, pi, length.out = 16 )[-1]

yy <- sin( xx )

frm <- data.frame( xx, yy )

pispl <- periodicSpline( xx, yy, period = 2 * pi)

pispl

pispl2 <- periodicSpline( yy ~ xx, frm, period = 2 x pi )
stopifnot(all.equal(pispl, pispl2)) # pispl & pispl2 (EEL

plot( pispl ) # 1TRHRICDVWTERSR
points( yy ~ xx, col = "brown")
plot( predict( pispl, seq(-3*pi, 3*pi, length.out = 101) ), type = "1" )

polySpline AT T A v DRI IH AR

Description

ATIA VATV 27 DRSNS IHARE Z/E5.



predict.bs 9

Usage
polySpline(object, ...)
as.polySpline(object, ...)
Arguments
object 275 A spline kAT 24TV b,
F 7 a v OBEMEIE. BAEEMSEUEED L.
Value

2 5 A polySpline 2K T 24TV 27 b, ZTHIF—ZEBAT 1 VEBOX K% IHE
ARBTHD. ZhiE/ v beREND B> fli0y Mk EHRI NS, AT
FAVEEIZ Y NOBD &S -BNDETLIEANTH S, FWNE/ v MW T
DL IHNIIEAEUE & KD D F DRI —E T 2RRICHIR I N B,

Author(s)
Douglas Bates & Bill Venables

See Also

interpSpline, periodicSpline, splineKnots, splineOrder

Examples

require(graphics)

ispl <- polySpline(interpSpline( weight ~ height, women, bSpline = TRUE))
print( ispl ) # KOMZERAREETU VM

plot( ispl ) # /v hO&EEALTTOY b

points( women$height, women$weight )

predict.bs AT 54 v DR—Z %I 3

Description

FOEBINEATTIAVDOR—A %252 5Nl THAMNT 5.

Usage

## S3 method for class 'bs'
predict(object, newx, ...)

## S3 method for class 'ns'

predict(object, newx, ...)

Arguments
object knots, degree 55 % fuik 9~ B JE M % FFD bs H2 ns NDOFEOH L DAE R
newx Z 2 CaMiinisked ST WS x fH.

Z 7Y a v OEMEIE. BAEEINE UMD,



10 predict.bSpline

Value

T object DL S5%A TV b THBEN, HLWx DETIHMEZNTWAS.

IS "bs" H "ns” BRRKT B ATV 7 M T SRR predict (2395 X
Vw RThHb. ZOEBDO—BRNZEHNZ DOWTIE predict 2 7 L.

See Also

bs, ns, poly.

Examples

require(stats)

basis <- ns(women$height, df = 5)
newX <- seq(58, 72, length.out = 51)
# R=22EFHLWVWT—F IRV T

predict(basis, newX)

predict.bSpline LW I UTAT T 1 v 23T 5

Description

A8 2 5 A bSpline & polySpline Z#k&K T B 27 F ZIZK T % predict XYV v RIFA T
TAURTEDWARBEFHET 5720 flibnbd. ATI53A4 ATVl MIHT S
plot AV v NIZHET predict ZRE L7258 x TIAL, Thh S5HERD xyVector %
type = "1" T7O v FF 5.

Usage
## S3 method for class 'bSpline'

predict(object, x, nseg = 50, deriv = 0, )

## S3 method for class 'nbSpline'

predict(object, x, nseg = 50, deriv = 0, )

## S3 method for class 'pbSpline'

predict(object, x, nseg = 50, deriv = 0, )

## S3 method for class 'npolySpline’

predict(object, x, nseg = 50, deriv = 0, )

## S3 method for class 'ppolySpline'

predict(object, x, nseg = 50, deriv = 0, ...)

Arguments

object bSpline ¥ polySpline 27 5 A& MKT LA TV =2 b.

X ZTITARAT T4 V%FHET 2 x HOBMERZ bv. £ L Z OENRIE
LTWbE x DEYED v b OHIFHZ5ES nseq @D HEF| & LT
I 5.

nseg object D/ v N DHIH AR D EMEDO L E % 5 2 2 FEE. Z O
X x BRIBLUTWAEEIZZITHbN 5.

deriv AN X N BRI 2 FEE T D 0 & splineOrder(object) - 1 DD
AL

fhD A K- oI N 2EHE51EL



splineDesign 11

Value

R D %453 % FF D xyVector

X Rt -l X 7z x 8
y AT T4V DME(E I x EIZE T B ZD deriv DA REOD X2 b
)%
Author(s)

Douglas Bates & Bill Venables

See Also

xyVector, interpSpline, periodicSpline

Examples

require(graphics); require(stats)

ispl <- interpSpline( weight ~ height, women )

opar <- par(mfrow = c(2, 2), las = 1)

plot(predict(ispl, nseg = 201), # plots over the range of the knots
main = "Original data with interpolating spline”, type = "1",
xlab = "height”, ylab = "weight")

points(women$height, women$weight, col = 4)

plot(predict(ispl, nseg = 201, deriv = 1),
main = "First derivative of interpolating spline”, type = "1",
xlab = "height", ylab = "weight")

plot(predict(ispl, nseg = 201, deriv = 2),
main = "Second derivative of interpolating spline”, type = "1",
xlab = "height", ylab = "weight")

plot(predict(ispl, nseg = 401, deriv = 3),

main = "Third derivative of interpolating spline”, type = "1",
xlab = "height", ylab = "weight")
par (opar)
splineDesign B AT T A TS B EHTYI
Description

x HODIED knots TEFEI N/ B AT T4 VT 2 EFHITTH % FHM 4 5.

Usage
splineDesign(knots, x, ord = 4, derivs, outer.ok = FALSE,
sparse = FALSE)
spline.des (knots, x, ord = 4, derivs, outer.ok = FALSE,
sparse = FALSE)



12

Arguments

knots

X

ord

derivs

outer.ok

sparse

Value

splineDesign

7y MIEDOBAERZ V(H UBEZR SHEMIEIZY — X ).

BA T T A VXMW 5% = Z TR 9 2EDOHBUAER 2 M. outer.ok
METHRWED, x FOMHEIE “HNE”/ v b knots[ord] &

knots[ length(knots) - (ord-1)1 ®RFIZ AR IFNIE S 7.

ATTA4 VEBDOREE 525 EER. ZHIRK WL EANFO
BEOBTHY, o T3RODAT I A VIZRBA%ZFD., BEETIZ 4.
0L ord - 1 DEDMEZFFOBEUERZ ML THY, BESHWIZIEx DE

XFETVHA 70 INE. G2 5NZBEBOMORENE x AL E T 7Ll
AN, BMETIEXYUTHE(FZIEx LRAUEIDXTDORT ML),

x W8 v b DAMINZEFFEINB 0 E S P EHERT SamiE, x5l
W /&,

FEEAI 5 A "sparseMatrix” (23w 7 — ¥ Matrix 7 5 D) & KT B AR
SN LD EIERT SimiAE.

length(x) 17 & length(knots) - ord 5% FFD47%]. 175D i HFHDITIE knot X7 ML

TEHEINx DI

ZHOMTHMENIZB AT T4 VOB (X IEIBRAT 51 v OfExR

AN RENEZEDL. BBAT T4 VidordHDHRT S/ v by hTEHIN
LDTBATTA Y DMREUL length(knots) - ord &7 5.

Note

d U spline.des %L A U B #0% K DAY knots, ord, derivs = L T design Z 3L DH
DD ER>DY A N%EIKRY. design i1 splineDesign BABDE LR U TH 5.

Author(s)

Douglas Bates & Bill Venables

Examples

require(graphics)

splineDesign(knots
splineDesign(knots

1:10, x
010, x

4:7)
4:7, deriv = 1)

#H NV REEEHREL
Matrix::drop@(zapsmall(6*splineDesign(knots = 1:40, x = 4:37, sparse = TRUE)))

knots <- c¢(1,1.8,

3:5,6.5,7,8.1,9.2,10) # 10 => 10-4 = 6 R—ADAT TV

x <- seq(min(knots)-1, max(knots)+1, length.out = 501)
bb <- splineDesign(knots, x = x, outer.ok = TRUE)

plot(range(x), c(0,1), type = "n”, xlab = "x", ylab = "",
main = "B-splines - sum to 1 inside inner knots")
mtext(expression(B[jl(x) *" and "* sum(B[jl(x), j == 1, 6)), adj = @)

abline(v = knots,

1ty = 3, col = "light gray")

abline(v = knots[c(4,length(knots)-3)], 1ty = 3, col = "grayl10")
lines(x, rowSums(bb), col = "gray”, lwd = 2)
matlines(x, bb, ylim = c(0,1), 1ty = 1)


https://CRAN.R-project.org/package=Matrix

splineKnots

13

splineKnots ATI5A4D) Y ORI KL

Description

ATIAVFA T MG S/ v DR PILEIRT.

Usage

splineKnots(object)
Arguments

object 27 J A "spline" kKT B 77 b,
Value

/) MLEDFERDEUER T S v,

Author(s)
Douglas Bates & Bill Venables

Examples

ispl <- interpSpline( weight ~ height, women )
splineKnots( ispl )

splineOrder AT 54 DIRBDIRE

Description

ATSA VAT 7 SO ERT.

Usage

splineOrder(object)
Arguments

object 77 A "spline” kKT B4 T b,
Details

AT T4 v DRBIIK DL TERREHDOELEHADBRBOMTH D, Ko T3HRODATZ

A VIIREL 4 ZFFD.

Value

IE#EN.



14 xy Vector

Author(s)
Douglas Bates & Bill Venables

See Also

splineKnots, interpSpline, periodicSpline

Examples

splineOrder( interpSpline( weight ~ height, women ) )

xyVector list("xyVector") % 7Y =7 M & ED

Description

Xy DRT7 DYy haRTATV 27 b a2ES. FROA TV 27 MIfTHlELTHT
—XTL—=L2UTHEZTLTRIZ MLELTHEED TN HEE. X7 bLe UTHb
NBGET I NIy AT ITRET 5.

predict.spline ® & 5 2B DKERIX xyVector A 7Y 27 M2 L TEINDLD Ty fii
EEERLUZxEPIFZIETay MEERT2HBO-DIZHEREINS.

Usage

xyVector(x, y)

Arguments

X BhE~27 hov

y x LEUEIOHMERT ML
Value

7 J A xyVector DA T 7 N TIRD KL & FFD

X BE~R 2 MV

y x LRAUESOBMERY bL
Author(s)

Douglas Bates & Bill Venables

Examples

require(stats); require(graphics)

ispl <- interpSpline( weight ~ height, women )

weights <- predict( ispl, seq( 55, 75, length.out = 51 ))
class( weights )

plot( weights, type = "1", xlab = "height"”, ylab = "weight" )
points( women$height, women$weight )

weights
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