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Detection of Multivariate Outliers
— Regression Imputation by the Iteratively Reweighted Least Squares —
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In the tabulation process of statistical surveys, missing values are imputed in case they may cause a bias
in the final statistical tables. Among various imputation methods, this paper focuses on the regression
imputation. The Ordinary Least Squares (OLS) method is widely used for this purpose; however, any
extreme outliers can easily influence the OLS Estimator (OLSE). Furthermore, they may distort the validity
of the imputation.

Since outliers are often unavoidable, the Iteratively Reweighted Least Squares (IRLS) method is
examined in this paper to improve the regression imputation. Enterprise financial statements data are used to

impute total sales by number of employees.

IRLS is an algorithm to compute an M-estimator. It is easy to compute, it eliminates or restricts the
influence of outliers, and it provides more stable estimation than OLS.

Keywords: Iteratively Reweighted Least Squares (IRLS), M-estimator, Regression imputation, Outlier
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BARBATERRIC 3720 | ] L 7- 2650 B3 C4 I, IRLS (3R 2 s U O s 8 4 52 28k
FRC&E D722 Huber VA kXD & OLS & OFERED K E < 72 5 Tukey D biweight BT L 55
BAERLT,

(1) ShvED 2N E &

T—HNROVNESETAOYTITEY S EVRLS A L THRE < vt RABHILN
DAMUENFAE L2V K D 227 — 2 DA%, OLS THIEMAHH L T oREL 720, A
Bl LT X712 LO3 I — B R HEEOBAX 2R3, A coO7 oy FHEETY,
OLS & IRLS DIEYFHRDOTCHEI LA 2 0 /NS Wy,

(2) HEFHORZZRIMUELRH D & X

ZOEDIBHNIERH D & x| HEHME~ORBIIR b RE LD,

B4 8 13 L04 B —EREDOHAAXK T, LOZEHE 7 1 v N TH FOHITHRITHEHATL S
L—DF = RAV FINEZDHEL TS, ZHHIE, Tukey DA HEECITTHEEEE ¢
DIEIZ DD ST T A T 0 BfFE STV ARRZRIMUE T, FETFH S REVIEIZH S
7o, Bl ECH RO E IR E S EEBE 52 TWD 2 E¥binsd,

(3) HEFLEDVNSWIMVED S 5

J &t - PRRZEDH 2K 9 1T, AMUBORET- /s <, 2l T OLS & IRLS D[F|
IHEAC SUFE ETEEN 720K D IR A TH, AMUEDRHIUTRRZE BRI REL 8D, T—4 K
WAEST LT VAT L TWD5EA, #EHEORHKHIA(6) . (DEU®IIRT L ) IckE
ST K DHEEHE DR SR DT, FRZES DN R E WIGEITHIE DT D OHEFHEIL 71
> CLE 9, —J T, IRLS DIEAIIIMUBEDEZE L U A MIFIZ LV Iflsh b7
WHHEMEITE RIS/ VT W E W ) KR 5 5,
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& 1 OoLSoER#E —
IRLS (C=4) - .
IRLS (C=6) -
IRLS (C=8) -

18

e

7o L[]

AAAAC
TTTT

e Tt
[=1—2—]
O

| | | |
0 2 4 prEmiE] 6

T Se LM E i) 4 LO3 &Y —EA- A& %([82)

v [ : 2

£ | oLsoER® — ITAH =0

4 || IRLS (C=4) - * Bas Oxrh {0

iR IRLS (C=6) ---— e 0.5<¢= P9IAF <0.8

8 . IRLS (C=8) ______ e 0.8<¢=9xT14F

o |\ )

(4]

®

3

+ —

2

3

+ —

&

8

+ —

@

o T | T I T
0 2000 4000 EREIIA] 6000 8000

36




WEMFZEHH 4569 5 20124E 3 H
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9. MEFAVNSUVIMUEDL D61« T &k - PRERSE
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2. #EEFHEOZEM

WERHBIFSE S

69 -

2012423 H

OLS. IRLS(Tukey 7 A b, c=8)% N IRLS(Huber 7 =4 K, k=230l DV CZENZIEZER] -
WIRNCEAET A OENF ST A —2 2 HiF L, 2 TOWUEEL x OV THIEM & 72 558 Emo
HERHIE p, 2B L. ¢ WIOHEEHICF S M 2RI 5, RIS Z =0, 1 WIR(1Z =1 | 2 iRl
=2&T0E M° M. M7 D37 CHEENOIEERZESD(M) 2K, EOEEIZ LY
HEEHEDOZEME A LT, b &b &7 —ZITHICEET 5 b D70, FMUESHEGHT B %
H-z3UE, OLSIZ X AHEEHMEDZEE M KIZ/2 5 AlREMD H 5,

PEFEREIERZZ SD(M ) DfEE& . OLS OHfiE & i L7 IRLS OEUEDOEIG 53K 6 1T~ 7,

*6. HERHEOREN

OLS IRLS(Tukey, c=8) IRLS(Huber, k=2.30)
PEZESTIR SD(M 1) SD(M yy55)
SD(M5) | SD(M p) SD(M,,, ) SD(M 1135) SD(M.,,. )
BREH 3027060 2757976 91.1% 2637967 87.1%
D i3 447173 372625 83.3% 351178 78.5%
E &3 1953614 1991757 102.0% 2001045 102.4%
F BiE3E 6122484 5404287 88.3% 5023427 82.0%
G BRI ABYKE 41802857 18955342 45.3% 24262074 58.0%
HI1 &z 860311 1298195 150.9% 1061530 123.4%
H2 @53 254148840 32575217 12.8% 67034575 26.4%
11 1523 3567877 4497210 126.0% 4578660 128.3%
12 /1N5E3E 2795270 2498792 89.4% 2497575 89.4%
13 BRE 561462 632154 112.6% 609382 108.5%
J &k - PR 11982947 8460241 70.6% 9080495 75.8%
K REPESE 2420972 908766 37.5% 1250169 51.6%
L —bR%E 1749592 524310 30.0% 1333100 76.2%
LO01 fE{H3E 390623 317858 81.4% 285112 73.0%
L02 #A%3E 4768370 8093258 169.7% 8363391 175.4%
L03 E#y—E R - fREE 2670112 2518226 94.3% 2541856 95.2%
L04 HffY—E R 5105057 2164155 42.4% 2425667 47.5%
L05 BFAHEE 4860718 3836977 78.9% 4290818 88.3%
L06 ZDfDEHEY—E R 1387513 1130346 81.5% 797309 57.5%
L07 B 540899 522910 96.7% 530070 98.0%
L08 EHEH* 252098 290183 115.1% 335834 133.2%
MEBID FLE~L — R F) 74472996 11383439 15.3% 20868917 28.0%

RREERGD 21 DHEEXSDH B, FHEELY IRLS OfEiA OLS LD H/hESL o2 b DN
15 250 . KESYDOFEZETIRLS OFAIC L W HIEDT= D OHEHMENLET D W2 D,
IRLS 73 OLS LV & ZBEh KX L IpoT- 6 FEEIZHOWTIE, ZORKNZMHER LI ZA, UT
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P/ : SERANEO B
DZDOEEITTRT DI LB TEI,

(1) K&y D7 —2 DEhE Lo & £ > DO 2B FES 256

L02 IR ZIUTREYS T 5, ZHIN T —X Rt e & HIcE e 7 e v b L7ZEX
%X 10 12~ 7, BAAXIANG IRLS (X, Tukey @ biweight BA%i% =8 THU 7=,

BARKIOA FIZ, A RS 01272 D72 M UED & 0 | ZHUT H AR RBIESIRA) TH D,
DI A, 2 MaT L 0 & 1 AT, 1 #IRTL 0 4O EEAREWE WS A ERF OB,
ORI UBEIZZ N E IR oEhE 2 L TRY | %ﬁﬂﬁiﬁﬁmé<@OTWéo:®k@\
OLS D6, Ko OFT — 2 3D EHICEET 28X %2, WoEhX 29 5 BORE VI
E—DTHIE L TLEW, #EFHEDOZEE JRA ISNOT —2 OEE LD bili/NZ7e b Z & HFIA
Thod,

1 0. IRLS T X DHEFHEDO A B DI K Z VFIR(D)
75 L HESH(E A ARARAY) 24 1 LO2 333 ¥([76]

JRA
—— OLSf o Wiy @
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L02 BRASELIAND 5 FEFER TN ZAUTEE S T D, —fil& LT, HI ERZEEOBARX A X 11 1T
L7z, ZHUHEAAX D IRLS 1% Tukey @ biweight Bi%t% =8 THW T\ 5,

ZOWE, VA "R 01272 D K O AN VBN FAE LRV, T —Z A DJELE T
TA MR ONZEL T—HF KA FOENRSFRINTWDLHNNIE L DT —ZBPE L, €D
W OFHIEIC Y = RRRELSEDDITELEHNKE, ZD X9 RIGE, NI ED S
LIEEOT — 5203, WEIZRR D oA N eftE S ARER, EIPEEL, fReLTh
FINNHERHE OB OLS L H R&EL 725,
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—HZy A MHTT 52O, OLS X0 B TIRNE D CTHEFHED AR E L 725
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DAVl LT, BB DD 72T — 2 TO IRLS DRNRO EL L O BB IR 372
INEWVHISR D B B, FERIT B ODFEREATIZOWNWT, B T OLS & IRLS OEIFHITIZE A
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IV. fEREBE

1. IRLS DEYFHE~DEHIZ OV T

IRLS 1%, FHEMDEHHECERIZMWTWD, SRIORBEILTNTHEHY 7 PR (Ver. 2.11.1) %
HOTITo TV AR, BT VEBIROIEEZ RO A ET /2 OWTL, FRRIRINE T A4 77 U 7
il L), vxod MEEThIE AT A—Z 2R T, BF0EH 7 s 7 A
DOBIFERE COBAMNTTRETH 5, AEUEH L7727 — % TORAHMER LEEIL 5 [T > 7223,
FEAEDT—Z X 2~-3RITPER L TR, FHRAMDE R,

T —H BIEHOAA ThiuL, fiEIZIX OLSE ZHT 200 b BWHIETH 503, M UEN
AT 255 1Z IRLS OB LD | SMUBEOEIZ LV B2 DEIFNT A—Z ODEEZINZ 5
ZLENTEDLDOT, HEHENLET D, SMUEN2WES, IRLS 1X OLS LY b3 T2RII%D
BN, HERHREROZLMEICIIR & e IT a0 E b s,

2. vz A FEEIZTHONT

ARG T, Tukey @ biweight B2 2 T, Huber 7 A MM THRE 44T -7, Huber 7
oA NEEHRTHE, FALRIMETHLLT 01T R0 RSN ZOME F.,
=3 Z S TR TIOR L, PORAE— b Tukey K0 & OFT TN, fiim st
AUE T & O B8% SERPEBRIZ L 722\ 2D, HEGHIEIL Tukey VA M2 LIZHGA XD &
OLS |23t < 72 %,

WENRKE RIMUBENT — ZZEEND AREERH 0 . i b DIZ OV CRSERITHEG 1 D
BEBR L7241 Tukey O biweight OFFFNLEE LS, —FH, T—XIZ/MUER 2 & THOT—
B 8 LR 2 LT EE 1T Huber O 7= FEEENE LTV 5,

R OB UIIRKRD B DT 5 BITEA, KGO KA A 3 2~3 [ TR L TEY | Tukey &
Y & Huber 7o b OUHBDOT MR, FHEARIMEVO THEILE D b HEEN 2,

FHHEER DR EIZHOWTUE, AT VRO TESMEORME TIEE A ED KA A AZBNT
IIARDOENENT &S| AFE Tl Tukey 13 =8, Huber 13 k=2.30 &\ ) 5%E CORFFEF 2 H
ML7, —F7T, fil - # QoIIZBWTHEEES T —# ZHWTIRLS DY ab—ra V%
Tukey & Huber &A% & [l UAEERMORRE TITo7c & 2A, 7 —F OREHD AN ED - T
b, HEEROMEN R D REWGADRAIICEN E W I FERAEE WD,

Tukey O biweight | %, i E/RFTECHEEIR L — 7 ORI ITH D8, LM & O ik %
B PRBs s DR WA EIO L 5 BT —ZITONWTEFD L ) ZRREITE X 2o 7=, FiH - #5
QROIND X S IZEEEZ W22 OF —4 8y FEHWTY I 2 b—1 3 UEITH AT
F—HRA v NONEEBURIC X » THERL—T N EIUTE E 508, T OEAITHEEHROEZ I
TEZD72T TRBEICRT 5,

3. EROEZEIZOWNT

HE RAAL NE, TRETHIUE R AL L NOT =X OREAR T A MRFECHDOETIZRD LD
RETHZENEE LV, T—FHOHKIZ ETRIUME RA A ANHERT A "R DT —
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APNRIET 256 TH, FEFICENVWRIERSAT — X x5 L T 5D TRWERD X, fiED7
DD OLS I L B IEUFHEEIC TR A ZET 5 2 & Id S UB OB BN TR TR S LD 720
ICHERHIZTE 220,

IRLS % FVWVUTAMUB DO A HIEI T X 2 DT, Wada & AbeRQOINIZEBWTIL, AR LR T
F—H BN TRREEE LI HEH 217> TV 5D, ARRICHEH L7- IRLS B% D 22— RiL,
Wada & Abe(2011)<°Fnf « F& (2011) THAMH L TV DR IGA CTdH 5, IRLS B /8T A —

HIZReH g TS & B 3R L2 IRLS D7 /L 2 U X LAD@)RDORD VIZLL T4y
ACHA SN, RLS 7oA b LEFFEOM S 25 LI 285 2 LATE 5, 22T,

G =diag{g,} £ T %,

B = [Xv GW‘f‘”X]*l X'GW Yy @y

4. BEUFFEIZDOVT

LA T - T2 AR3ETE EmT — & OREEE U X DB DL A AT T MR TR U TRV,
BTOHEHIIDWTHEEETROZNREHEIZ LT LR OT —Z OSHNIERICREL D L H 72
ETADRERI N EWH) RSB H D,

ZO LD BGEIZIERHEEZ WD & IEEEHN S\ BT EEOE & #HEFT LI fEM O T
BENREWRREMEN S D, Z D72, RAEZEF EMIMER] OGO EC EGEEDL A TR
SN TWAREMET — % OIER2 E21TO, MEZET — 20D OREGEHI L DHEZRET 5 Z &
DEE LW,
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BAE1-1  IRLS B OHl: BEYFET /L [Tukey D biweight]

FHAFFEF A A R R R R R R R R R R R R A
# Tirls : Tukey OMu UFNER/N 3L (IRLS) UTA MI Tukey D biweight #

Ver. 0 2010/06/14 AU PFL #
Ver. 1  2010/12/01 ZFHRxHGh #
Ver. 1.1 2011/03/07 MEfR/L— Al #
FHEH A H A
B Tirls /37 A—4
vl RO B (W)
x1 HEYFOBBAE S (M)
rt TR, FRENRVGET 740 ME 1
cl biweight BSMHIRETEE, 774/ Mis
c=4 ETHu "X B
c=8 Hrobr/AX |
dat x1l, yIWNEENDTFT—F 7 L—L4, FENRTTE DR
rp.max Jb—7EEEO ER, FHIHEE L20AUE 50 B # 2011.03.07
FHEF A F R
B Tirls EVH
TK IRsAs R
wt 7xA K
rp N—7 K
sl SEYJHE R FE (MAD) DSBS — X
FHEFHHFF R

SE oS S e S S SE e e SR S 3k S e R S 3 2 % ok

Tirls <- function(yl, x1, rt=rep(l, length(yl)), cl=8, dat="", rp.max=50) {

if (dat!="") attach(get (dat)) # TH T LEERDHD L EZDH
p.mad <- rep(0, rp.max) # 2011.03.07 MAD DZSEE{RTF

RO <- 1lm(yl~xl, weights=rt) # PIHMEI I @O oLs

Tk2 <- RO

rpl <- 1 # L—7 L

sO <= 0 # BARLENIA—T T L5 2fix Y b
sl <- p.mad[rpl] <- mean (abs(Tk2Sresiduals)) # SRR ZE (MAD)

HHE U A NEH
ul <-Tk2Sresiduals/ (cl*sl)
wl <= (l-ul**2)**2
wl[which (ul>=1)] <- 0

44 MR LR

for (1 in 2:rp.max) { # 2011.03.07

# while (abs(1-s1/s0) >= 0.01) {

if (abs(l-s1/s0) < 0.01) break # 2011.03.07
Tkl <-Tk2
s0 <- sl
Tk2 <- 1Im(yl~x1l, weights=wl*rt)
rpl <- rpl + 1 # N—TH K
sl <- p.mad[rpl] <- mean(abs(Tk2S$residuals)) # IS

ul <-Tk2Sresiduals/ (cl*sl)
wl <= (1-ul**2)**2
wl[which (abs (ul)>=1)] <= 0

return (list (TK=Tk2, wt=wl, rp=rpl, sl=p.mad))

}
FHEf Y End of Tirls ########H4444 A S
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A& 1-2 IRLS B8 oof: BEYFET /L [Huber VA ]

FHEF AR R R R R R R R R R

# Hirls : Tukey DR URINER/N 3L (IRLS) Huber VA MR #
e #
# Ver. 0 2010/08/05 A VUL #
# Ver. 1  2010/12/01 ZFHRxHGh #
# Ver. 1.1 2011/03/07 &RV —T7REGERE #
B A R R R R R R R R R R R
# BE¥rHirls RNTA—H

oyl Hi[alRo B2 (W)

# 0 x1 HEYFOBE S (M)

#rt TR, FHENRVGET 740 ME 1

# cl v MEBHTREE, 77 40 ME 2,30, 1.073 BIERSTAEE,

# 1.15 T Tukey ® biweight C=4 f%, 2.30 T Tukey ® c=8 fi%,

# dat x1l, yI1WEENDT—H 7 L—2L, FEENRITFIUIMH D

#  rp.max A—7EEO LR, FHGEE L2 UL s0E # 2011.03.07

B A S R R R R R R R R
# B Hirls ERY{E

# HB BEg S eps

# wt yxA k

# rp N—T R

# sl SEYJHE S (MAD) DSBS — X

B A R R R R R R R

Hirls <- function(yl, x1, rt=rep(l, length(yl)), cl=2.30, dat="", rp.max=50) {

if (dat!="") attach(get (dat)) # THTLU—LNEERDHD L EZDH
p.mad <- rep(0, rp.max) # 2011.03.07 MAD DZSEA LT

RO <- 1lm(yl~xl, weights=rt) # PHMEIZ Y =1 R & DT 720 OLS

Hb2 <- RO

rpl <= 1 # —7alkk

sO <= 0 # AR 1 ENFA—7F 5 X5 efEE Y b
sl <- p.mad[rpl] <- mean (abs (Hb2$residuals)) # SRS

#H#4 v oA MR
wl <- sl*cl / abs (Hb2Sresiduals)
wl [which (abs (Hb2Sresiduals) <= sl*cl)] <- 1

44 MR LR

for (1 in 2:rp.max) { # 2011.03.07
# while (abs(1-s1/s0) >= 0.01) {

if (abs(l-s1/s0) < 0.01) break # 2011.03.07
Hbl <-Hb2
s0 <- sl
Hb2 <- Im(yl~x1, weights=wl*rt)
rpl <- rpl + 1 # N—TH K
sl <- p.mad[rpl] <- mean(abs (Hb2$residuals)) # IS

wl <- sl*cl / abs (Hb2Sresiduals)
wl [which (abs (Hb2Sresiduals) <= sl*cl)] <- 1

return (list (HB=Hb2, wt=wl, rp=rpl, sl=p.mad))

}
FHEf Y End of Hirls ########H4444 4444 14
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BIRE1-3 IRLS B8¥f: HHEREET /L [Tukey D biweight]

FHE R R R R R R R R A R

#
#
#

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

RTirls <- function(yl, rt=rep(l,

RTirls : Tukey O UFINER/N FE (IRLS) V= A ME Tukey @ biweight #
FEAHERE #
_______________________________________________________________________ #
Ver. 0 2010/06/14 AU PFL #
Ver. 1  2010/12/01 ZFHRxHGh #
Ver. 1.1 2011/03/07 MAD MUK L7V & & O /L— 7 el #
FHEH A F A A R
B3 RTirls /8T A—4
vyl HEURO RO (42E)
x1  HEYFOPALE (WH)
rt FE, IBENRWEET 74V MT L
cl  biweight BAMHTETEE, 774/ Mis
c=4 LTHu "X |
c=8 broltonRxh
dat x1, y1WEENDT—X 7 L—2Li, FRENRTTH DRV
rp.max Jb—7EEED ER, RHIHEE L7220 UL 50 B # 2011.03.07
FHEFHFEF A
B RTirls BV
TK  IoRERER
wt x4 K
rp  N—7EH

sl FHiExiFEZE (MAD) DEET — ¥

A R R R R R R S

if (dat!="") attach(get(dat))
p.mad <- rep(0, rp.max)

RO <- 1Im(yl~1, weights=rt)
Tk2 <- RO

rpl <=1

sO0 <=0

sl <- p.mad[rpl]

HHEE UTA NEH

ul <-Tk2Sresiduals/ (cl*sl)
wl <= (1-ul**2)**2

wl [which (ul>=1)] <= 0

44 MR LR

for (1 in 2:rp.max) {

# while (abs(l-s1/s0) >= 0.01) {
if (abs(l-s1/s0) < 0.01) break
Tkl <-Tk2
s0 <- sl

Tk2 <- Im(yl~1, weights=wl*rt)
rpl <- rpl + 1

length(yl)), cl=8,

dat="", rp.max=50) {
# T—HTVL—LRENDHD EEDRH

# 2011.03.07 MAD OZEEZ{RAF

# FIHMEIZY A &7 oLs

# L—7EE
# AKX 1A —T 5 X0 2ffix ey b

<- mean (abs (Tk2Sresiduals)) # SRS

# 2011.03.07

# 2011.03.07

$ N—TH

sl <- p.mad[rpl] <- mean(abs (Tk2$residuals)) # SRS

ul <-Tk2Sresiduals/ (cl*sl)
wl <-= (l-ul**2)**2

wl[which(abs (ul)>=1)] <- 0

return (list (TK=Tk2, wt=wl, rp=rpl, sl=p.mad))

}

FHEF A A H S End of RTirls #####4## 4444 ###HHHHHFHFHHHHHHHHHHHH
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A#K1-4 IRLS B0 LbHEETET /L [Huber VA ]

FHE A A R R R R R R R R R R R R R A
# RHirls : Tukey DK UFINER/D L (IRLS) Huber VA M LEHEEH #

# Ver. 0 2010/08/05 AU TFL #
# Ver. 1  2010/12/01 ZFHRxHGh #
# Ver. 1.1 2011/03/07 KNV —7REGERE #
B R R R R R R R R R R R R R
# B RHirls /X5 A—X%

oyl B2 2 (ZH)

#rt TR, FHENRVGET 740 ME 1

#  cl A NEEBAHTEE S, 77 4L M 2.30

# 1.073 NIEHSAAEE, 1.15 T Tukey D biweight C=4 #i24, 2.30 T Tukey ® c=8 fi4,
# dat x1, yI1BNEENDETF—F 7 L—A, EENZTFIUTHE DN

#  rp.max A—7EEO LR, FHGEE L UX 20E # 2011.03.07

B A R R R R R R R R R R R R
# B9%RrRHirls RYHE

# HB IRsAs R

# wt A K

# rp N—T R

# sl SEYJHE 7S (MAD) DSBS — X

B A R R R R R R R R R R R R R

RHirls <- function(yl, rt=rep(l, length(yl)), cl1=2.30, dat="", rp.max=50) {

if (dat!="") attach(get (dat)) # THTU—LEERDHD L EZDH
p.mad <- rep(0, rp.max) # 2011.03.07 MAD DZSEA{RLF
RO <- lm(yl~1, weights=rt) # PIEIL Y =4 N & -DF 720 OLs
Hb2 <- RO
rpl <- 1 # —7alkk
s0 <- 0 # AR 1 ENFA—7F 5 X5 efEx Y b
sl <- p.mad[rpl] <- mean (abs (Hb2$residuals)) # SRS

#H#4 v oA MR
wl <- sl*cl / abs (Hb2Sresiduals)
wl [which (abs (Hb2Sresiduals) <= sl*cl)] <- 1

44 MR LR

for (1 in 2:rp.max) { # 2011.03.07
# while (abs(l-s1/s0) >= 0.01) {
if (abs(l-s1/s0) < 0.01) break # 2011.03.07
Hbl <-Hb2
s0 <- sl
Hb2 <- Im(yl~1, weights=wl*rt)
rpl <- rpl + 1 # N—TH K
sl <- p.mad[rpl] <- mean(abs (Hb2S$Sresiduals)) # IS

wl <- sl*cl / abs (Hb2Sresiduals)
wl [which (abs (Hb2Sresiduals) <= sl*cl)] <- 1

return (list (HB=Hb2, wt=wl, rp=rpl, sl=p.mad))
}
#EHFH AR Y End of RHirls #######4 44444444444 44444444444
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A#K1-5 IRLS BA%ofE ]

# UTFOa— FiE, ROMIAT—# ZHWTEF /VBIR ATV, IRLS 12 & D EUFHRA D OBARR 2B L TV 5,
# 7 — X OHBLT, Verbeek (2004),
FHAH AR
rm(list=1s (al1=TRUE)) # VRO VT
setwd ("d:/test") # BT 7 A NVEBENTALEONERET 4 L7 b Z2ERETD
source ("Tirls.r") # MEETNAH  Tukey VTA FO IRLS
source ("RTirls.r") # WHEETET VA Tukey VA F® IRLS
source ("Hirls.r") 4 BIEETNVH  Huber VA h® IRLS
source ("RHirls.r") # HHEEET VA duber VA b® IRLS
data(Clothing, package="Ecdat") # Ecdat [Z&E45 ClothingT —# v OO L
# TOMIAT =234 T o H O FMEERIED 1990 FOEMGE LEIZOVTD H D
uriagel <- ClothingS$tsales # W5 L& uriagel HfL: ¥ —
empl <- Clothing$nfull + Clothing$npart + Clothing$naux
# TINEALE N NEIERHE R L THEERE S empl £ T 5

5 o

# IERMEORE

0 o

require (nortest) # for Lilliefors (Kolmogorov-Smirnov) test
lillie.test (uriagel/empl) $p.value #[1] 0.002479864
lillie.test (sqgrt (uriagel/empl))$p.value #[1] 0.2780684
lillie.test (log(uriagel/empl)) Sp.value #[1] 1.897207e-09

# “HFBOp ENRBREVDOT, FHREBRA N5, DIFOE R 7T LG HREMZ =R L TN D,

##Et B A NI T LVERR #4444
require (MASS) # for truehist
png (filename="Clothing b A F2'J A .png", width=1024, height=768, pointsize = 20)
par (mfrow=c(1,3))
truehist (uriagel/empl, main="Z8Ha7a L)
truehist (sqrt (uriagel/empl), main=" F-HRZHi")
truehist (log (uriagel/empl), main="X4xZHi")
dev.off ()

B RS RS SR R

# T VERIR

B RS SR F R R

# EHUTHEE L7 T, BlsHHEEET V02RO 5,

nl <- length (uriagel) ¥ T
# T=EOESTHT T
f.TRR1 <- f.TLR1 <- f.TLR2 <- f.HRR1l <- f.HLR1l <- f.HLR2 <- rep(l, nl)

# TR + BT TV $E R
#4444 OLS ####4#
OLS1 <- 1lm(sgrt(uriagel)~sqgrt (empl))
S.0LS1 <- mean (OLS1Sresiduals”2) / (nl1-2)*nl # HEFHHOMIEREE L

##### IRLS (Tukey, c=8) ######
TLR1 <- Tirls(sqrt (uriagel), sqrt(empl), cl=8) # cl ITFHIEEL
s.TLR1 <- mean (TLR1S$TKSresiduals”2) / (nl-2)*nl # HEFHHAOHIEAEE L
# IRLS DMV TA N TT—X &5yt
f.TLR1 [which (TLR1Swt < 0.8)] <- 3
f.TLR1 [which (TLR1Swt < 0.5)] <=1

)
f.TLR1 [which (TLR1Swt < 0.2)] <=2
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f.TLR1 [which (TLR1Swt == 0)] <- 8

#H#4## IRLS (Huber, k=2.3) ######
HIR1 <- Hirls(sgrt (uriagel), sqrt(empl), cl=2.30) # cl ITTEEEEL
s.HLR1 <- mean (HLR1S$HBSresiduals”~2) / (nl-2)*nl # H#EEHAOHEREE H
# IRLS DEAETVTA N TTF—Z % EsF

f.HIR1 [which (HLR1Swt < 0.8)] <- 3
f.HIR1 [which (HLR1Swt < 0.5)] <=7
f.HIR1 [which (HLR1Swt < O. 2)] <- 2
f.HIR1 [which (HLR1Swt == 0)] <- 8

#OFAREHE + HHEEET /L 4 #44 R H

#H#f# OLS #####
ORS1 <- Im(sqgrt(uriagel)/sqgrt (empl)~1)
s.0RS1 <- mean (ORSlS$residuals”2) / (nl-1)*nl

##### IRLS (Tukey, c=8) #####
TRR1 <- RTirls(sqgrt(uriagel/empl), cl1=8)
# HEFHHOMIIERREL s . RR1
s.TRR1 <- sum(TRR1Swt * TRR1S$TKSresiduals”2) / sum(TRR1Swt) /(nl-1)*nl
# IRLS DEAETVTA M TT—F Zfasy}

f.TRR1 [which (TRR1Swt < 0.8)] <- 3
f.TRR1 [which (TRR1Swt < 0.5)] <=7
f.TRR1 [which (TRR1Swt < O. 2)] <- 2
f.TRR1 [which (TRR1Swt == 0)] <- 8

##### IRLS (Huber, k=2.3) #####
HRR1 <- RHirls(sqgrt(uriagel/empl), cl=2.3)
# HEFHHOWIEARE s . RR1 B HY
s.HRR1 <- sum(HRR1Swt * HRRI1STKSresiduals”2) / sum(HRR1Swt) /(nl-1)*nl
# IRLS ORIV TA N TT—X &5

f.HRR1 [which (HRR1Swt < 0.8)] <- 3
f.HRR1 [which (HRR1Swt < 0.5)] <=7
f.HRR1 [which (HRR1Swt < O. 2)] <= 2
f.HRR1 [which (HRR1Swt == 0) ] <- 8

# I ST #4444 4 F R R H R R R R E R R R R AR R R R
OLS2 <- 1m(log(uriagel)~log(empl))
s.0LS2 <- exp (sum(OLS2Sresiduals”™2) / (nl-2) /2)

TLR2 <- Tirls(log(uriagel), log(empl), cl=8)
s.TLR2 <- exp (sum(TLR2$TKSresiduals”™2) / (nl-2) /2)
# IRLS ORIV TA N TT—X &5yt
f.TLR2 [which (TLR2Swt < 0.8)] <- 3
f.TLR2 [which (TLR2Swt < 0.5)] <=7
f.TLR2 [which (TLR2Swt < O. 2)] <= 2
f.TLR2 [which (TLR2Swt == 0) ] <- 8

HLR2 <- Hirls(log(uriagel), log(empl), cl=2.30) # ol ITFTHEETE SR
s.HLR2 <- mean (HLR2SHBSresiduals”2) / (nl-2)*nl # HEFHHOMIEMAEFH

f.HLR2 [which (HLR2Swt < 0.8)] <- 3
f.HLR2 [which (HLR2Swt < 0.5)] <=7
f.HLR2 [which (HLR2Swt < 0.2)] <=2
f.HLR2 [which (HLR2Swt == 0)] <- 8

FEEEE T N R R R R R R R R R R R
# AL T —EE
coll <- c("white", "gray20", "grayeQ", "","", "', "gray40", "black") # for Tukey
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col2 <- c("white", "gray20", "gray60", "gray80","","", "gray40", "black") # for Huber

# FLGI
ltxt <- c("OLS #E", "Tukey8 $HE", "Huber8 fpfE",
"OLS FEHETE™, "Tukey8 FLHEE"™, "Hubers HLHEE")
ltxt TK <- c("TK V=A h>0.8", "0.5<VTA F<=0.8", "0.2<VxTA F<=0.5",
"<y A h<=0.2", "UxTA k=0")
ltxt HB <- c("HB WTA h= 1","1 > 7T A h>0.8", "0.5<7TA h<=0.8",
"0.2<U A h<=0.5", "0<UTA h<=0.2", "UTA h=0")

png (filename="Clothing [EIF#EA Y #AiXl.png", width=2339, height=3307, pointsize = 40)
par (mfrow=c(2,1))

#h# LR #44
plot(sqgrt (empl), sqgrt(uriagel), bg=coll[f.TLR1], pch=21,
main="Clothing: VFHREHAIX", xlab="FEHEEEEHR]", ylab="7c L& FHE]™)
abline (a=0LS1S$Scoeff[1], b=0LS1S$coeff[2], col="red", lty=1, 1lwd=1)
abline (a=TLR1$TKScoeff[1l], b=TLR1$TKScoeff[2], col="blue", 1lty=1, lwd=3)
abline (a=HLR1$HBScoeff[1l], b=HLR1S$HBScoeff[2], col="green", lty=1, lwd=1)

abline (a=0, b=0ORS1S$coeff, col="red", lty=2, lwd=1)
abline (a=0, b=TRR1$TKScoeff, col="blue", 1ty=3, 1lwd=3)
abline (a=0, b=HRR1S$HBScoeff, col="green", lty=3, lwd=1l)

legend (3.7, 800, ltxt, col=rep(c("red", "blue", "green"), 2), lty=c(1,1,1,3,3,3), 1lwd=2)
legend (1.7, 2200, 1ltxt TK, pch = c(21, 16, 16, 16, 16),
col=c("black", "grayeO", "gray40", "gray20", "black"))
# legend(1.65, 2300, ltxt HB, pch = c(21, 16, 16, 16, 16, 16),
# col=c("black", "gray80", "gray60", "gray40", "grayz20", "black"))

##4 FEEIAGX ##4plot (empl, uriagel, bg=coll[f.TLR1], pch=21,
main="Clothing: FEEHEAMX", xlab="TEFHEEE (A", ylab="7t E[F/LZ—]")
curve ( (OLS1Scoeff[1] + OLS1S$Scoeff[2] * sgrt(x))”2 + s.0LS1,
col="red", lty=1, lwd=1l, add=T)
curve ( (TLR1$TKScoeff[1] + TLR1S$STKS$coeff[2] * sgrt(x))”2 + s.TLR1,
col="blue", 1lty=1, 1lwd=3, add=T)
curve ( (HLR1$HBScoeff[1] + HLR1S$SHBScoeff[2] * sqgrt(x))”2 + s.HLR1,
col="green", lty=1l, lwd=1l, add=T)

curve ( (ORS1Scoeff"2 + s.0ORS1) * x, col="red", lty=2, lwd=2, add=T)
curve ( (TRR1STKScoeff”2 + s.TRR1) * x, col="blue", 1lty=3, lwd=3, add=T)
curve ( (HRR1$HBScoeff”2 + s.HRR1l) * x, col="green", lty=2, lwd=2, add=T)

legend (15, 1l.6e+6, 1ltxt, col=rep(c("red", "blue", "green"), 2),
lty=c(1,1,1,3,3,3), lwd=2)
legend (3, 5e+6, ltxt TK, pch = c(21, 16, 16, 16, 16),
col=c("black", "gray6O", "gray40", "gray20", "black"))
# legend(ll, 5e+6, ltxt HB, pch = c(21, 16, 16, 16, 16, 16),
# col=c("black", "gray80", "gray60", "gray40", "grayz20", "black"))

dev.off ()

png(filename="Clothing_?f?’éﬁ:ﬁﬁ_OLS.png", width=768, height=1024, pointsize = 20)
par (mfrow=c(3,2))
plot (sgrt (empl), scale(OLS1S$residuals), pch=19, main="sqrt(x) - e")
abline (h=0, col = 'green')
ggnorm (OLS1$residuals, pch=19, main="FHR#IE OLS 0-Q plot")
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qgline (OLS1$residuals, col="green")

plot (sgrt (empl), scale (ORS1Sresiduals/sqrt (empl)), pch=19, main="sqgrt(x) - e/sqrt(x)")
abline (h=0, col = 'green')
ggnorm (ORS1S$residuals, pch=19, main=" FHRIHEFE OLS Q-0 plot™)
qgline (ORS1$residuals, col="green")

plot (log(empl), scale(OLS2$residuals), pch=19, main="log(x) - e")
abline (h=0, col = 'green')
qgnorm (OLS2$residuals, pch=19, main="%#H oLs 0-Q plot™)
qgline (OLS2$residuals, col="green")
dev.off ()

png (filename="Clothing F&7ZE/NHT Tukey8.png", width=768, height=1024, pointsize = 20)
par (mfrow=c(3,2))

plot (sqgrt (empl), scale(TLR1$TKSresiduals), pch=19, col=f.TLR1,
main="sqgrt (x) - e", xlab="sqgrt(x)", ylab="residuals")
abline (h=0, col = 'green')

ggnorm (TLR1$TKSresiduals, pch=19, col=f.TLR1, main=""EHIRHE Tukey8 Q0-Q plot")
gqgline (TLR1$TKSresiduals, col="green")

plot (sgrt (empl), scale(TRR1STKSresiduals/sqgrt (empl)), pch=19, col=f.TRR1,
main="sqgrt (x) - e/sqgrt(x)", xlab="sgrt(x)", ylab="residuals/sqrt (x)")
abline (h=0, col = 'green')
ggnorm (TRR1$TKSresiduals, pch=19, col=f.TRR1, main=""EHFIRIHETE Tukey8 Q-0 plot™)
gqgline (TRR1$TKSresiduals, col="green")

plot (log(empl), scale(TLR2$TKSresiduals), pch=19, col=f.TLR2,
main="1log(x) - e", xlab="log(x)", ylab="resudals")
abline (h=0, col = 'green')

ggnorm (TLR2$TKS$residuals, pch=19, col=f.TLR2, main="xI#H¥% Tukey8 0-Q plot")
ggline (TLR2$TKSresiduals, col="green")
dev.off ()

png (filename="Clothing #%#/#T Huber8.png", width=768, height=1024, pointsize = 20)
par (mfrow=c(3,2))

plot (sqgrt (empl), scale(HLR1S$HBSresiduals), pch=19, col=f.HLR1,
main="sqgrt(x) - e", xlab="sqgrt(x)", ylab="residuals")
abline (h=0, col = 'green')

ggnorm (HLR1S$HBSresiduals, pch=19, col=f.HLR1, main=" FIFtRHYE Huber8 Q-0 plot™)
gqgline (HLR1$HBSresiduals, col="green")

plot (sqrt (empl), scale(HRR1SHBSresiduals/sqgrt (empl)), pch=19, col=f.HRRI,
main="sqgrt (x) - e/sqrt(x)", xlab="sqgrt(x)", ylab="residuals/sqrt (x)")
abline (h=0, col = 'green')
ggnorm (HRR1$HBSresiduals, pch=19, col=f.HRR1, main=""EHIRIHEE Huber8 Q-0 plot™)
gqgline (HRR1$HBSresiduals, col="green")

plot (log (empl), scale (HLR2$HBSresiduals), pch=19, col=f.HLR2,
main="1log(x) - e", xlab="log(x)", ylab="resudals")
abline (h=0, col = 'green')

ggnorm (HLR2$HBSresiduals, pch=19, col=f.HLR2, main=">%#" Hubers Q-0 plot™)
ggline (HLR2SHBSresiduals, col="green")

# OEHREBENRRVOIEALD, EBLENEVZITHIEET VLY bHHEEET AN LV EBbiLs,
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