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1. & C&®I(C

BESMNORL VT — DN L BRI DL ) B A2 52 20525 2
Ci2h B, InE iIcERFHHE (PFA)Y, &L3EIC & 2 BT (MLFA)?, &/
Fikiz L R4 (LSFA)®, T 77 RFoH (AFA)YS$IC BT 2 RESTO %
BELTELD, V7727 SAF B2 L0707 7 L0EKREEBEXLZLHTH
5, SAF 32N FT, Va2 rbbnwi7—727— 3> T, BASIC RUr S Si&
%M T (SAF/B®®, SAF/S?) BR#AT- T& /29, KBEEL T — 9 DRERLEED &
THB»H Y, ZNHDOMEDBEE 305128, KEGHEE THOME 2T ) LEME &
LT& 7, REFHEBICIIFE2 DFERSEI S 5%, BASIC 5 OBINES L 2% 2
T FORTRAN S&#*H\W, BHUE L 2 —DKAGE#E FACOM M-380 TEI% 24T
Dz kL, ZORUCHRTAMICBT BREESMTNY 7 727 SAF/F (Sensitivity
Analysis in Factor analysis/Fortran) Version 1 #{Ep L 72D T#HiZ$ 5. Version 1
TRE\ELEDAZR) o T a7, BAEERFEL EOMOFTELHARH TH 5,

2. R EMK

EESHOEEL Yy —)L & U T2 (influence function) # w3, T = T(F)%
SR F OB E L TRbLENDL ST A—F LT3, ZDEEH x 12T 5HHY
B [ T)IZRD L IZERZ DY,

umT%:ng—Twe

T, COEBNTHRIMAEMF 2T — 2100 RBOHEBR TE Sz 2L D28t
Ex 52218 % (Empilical Influence Function : EIF) &9,
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3. AFAHETN
KN &) A ETINERET o

x=p+Lf+e
72771,

x = (x5, x0)7 px1 HEER~T o,
= ()t pX1 PN By,
L = () pX q HFAFATE,
=0 gx1IBBRFRIT~7 ML,
e= (e, e pX1HMERTFRITX7 PLTH B,
ZHEE, BRI ML x DTS EATE Z 3RO L) LRI NG,

D=LL"+4

22720, Ad3BERT 2 2 T OSEESEHERTHATIICH S, ZHET N TIIERNE
FHERIEL TV BH, ZHICk > TREGTO—RIENKRDNSE Z L3\,

4. A3V LL"ORWBE

MERTHH 4 7 b R IBR T T = LLTZ A 5 8% 49 = [(x5,4), T
— I(x; TR DEFHHATL L THA T 50209, BRI E 2 S5O W/ T4
DEHER, EH Do D4R 4o A+ edV, T T+eTVR AL, WEBHHOE
K1 TN B A OIIC L > THEL 2 3 OE(L D- D+ eVt 5 40 T
2B 52 & ThHB.
41 BEEOBE

S# X OBAHELTSE, BREEOBED L & 4 ORELERITROL I IES
naw,

AV(S DA = Vidi VI+ VeA, Vi spectral decomposition, (1)
L — Al/z I/IAIUZ, (2>
d = diag(S—LL"). (3)

= =T M = diag(Ay 2 Ae), Ao = diag(Ags,s s A0)i3 AVAS— DA VPR E T 5 g
BOBEEELED D p—q MOEHETH N, Vi, VI ZIUSHIEL 2EHFX7 FLTH B,
TN LORESERBER BV TERIN TS nooNEE ST D ITPRT B2
H St D IEEE CREFTOMEREEMM L E 2L TE S, RESTRERAD~G)
B\, EAGEITH S—>S+eSP,SY = (x—x)(x—X)"—S DL ) wBHEEATS
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Y T*ORBBEREE 40 T*O9 51052, 2OEMKNL RO HiZkD LB

‘\4
AN

BB RMEHET S, 12720 j¥k
R*(l) SJ(I’ ]#k
2R RFVICBEL THEN 1 RFEXEHEC,

T b P
(14472 T4") ;) R — lgla(j)zRﬁ( Z:Ib(j)u'Rﬁsl)‘}- Cis, 7=1---p,

;FMB

- - )
—— V=

q
g = .921 ls(QV) r+ (QV) sUr + Azz Uz.sUlr}Ajjvstjr

1
30
:Zq‘. /is(/ls Ar ) 1{ 2 vis(@V)ir

Al—l/zdl 1 Auvlsvl’rvjsvjr

-1 4-1/2 J-12 7
/13(&3 Ar) A0 P A R A 0is00 05s0sr

L, Q= AR 4V
B3 AV R KD B,

15 = SP—R5®, j=1:--p.
AR TEY, j*k 2K 5,

5. B2OWEBRE
5.1 WEfE 4 & T*~ORE

4 x THzrd 288 AV T*O k- TEHiics s, Thbk, 297 —fHcE
WA FELTUTOE ) A RELZH VS

1470,
2) Dus(4V) = AVT[ V()] AM),
3) Dus(dAM) = AVT[ V()] AY),
4) | T*™).

72721, 475 V() & Vo(d) 12 4 D#E 58T 8 L 0 F DR BESE L 5 7 b i
ATHNC X T A HEEETH 5,

5.2 4 DEME~OEER
HWERE~NTERE (BE9HzH1T 5 COVRATIO Iz#ied 58) LT, kOR
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CVR = det(F,)/det(¥)

Uiz dy & JunBO#EELGEATI, Told | BEOBRIELZEE L2230 dyk
AuD B OELE 58O ME (AP, TOZ B2 Thd, ZOfEA 1 LD KkE (U
B) R IBEHOMREEE T EHERENSEC (B) 2bZ L 2ERT L, ER
121, CVR = det(W.0)/det(¥)—1% 3157 5.

5.3 EEE~OKE

HEE~DHBREL L TKOREEHT .

(x?m —(n—)(ztr— 25

PILBEREICT 2 LELRBEE, 763 i BHOMEAKLZEZEL L2 L 2 0OBEAERTED
ERME (AY, TO%BHWE—KAL) THb, ZOMEI0 L) KEN UhSn) Z &3
HBHOMEKZZETEBEEIRS (E) T2 L 2EKRT 5,

6 . SAF/F O #irg

SAF/F %, »¥v #FEA T FACOM-M380 L THEI L T\» %, LITICZ DHfEE 2k~ 5,
6.1 SAF/F ?ifthX

LIz, SAF/F oK %1Rd,

| B BN | T oEAHELAND

| B F & | RERMLETHH

5
&
S

W1 | B—o AR BEE ST

2) | BE 5 AT | EEOERDREE ST
| ()
b BOE S I | HEOmR

RESHMOETIZ, RFoIERVERESH T, NE2T-o2&FERL TETEES
T\, Fi2, (Do, BREEL2EEBEESI, NE2EETTLIHETH, 2
BRFOERDTENAL 2 HDEETH D,

6.2 SAF/F MO#EE
SAF BLTFIRRT LI IZKRESC 52D 5% - T b,
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(1) =i
F—F AN ET = DERUE AN TH Y, UTD L) LREL O,
CIEH, B EOEAREFROE
C T =5 D SEHAH
- P-P plot, Q-Q plot (F—#DIEHRHENF = v 7)

(2)RF i
- fEx DEB L RFDNEATHIETTHY, LT 4EAFTELZHEL 2.
PFA (£RTHH) B
MLFA Rk
LSFA (B/hlssE) e FFEH
AFA (777 HFoH) - B FEH
(3ot 1

- H—DERO BB 2 T 2E ThH Y, UTOHEBRELRD 5,
HA“N,HTW“W,LMmIZm,CSVR,(Zﬁl)
C ZNLENOHETED index plot Z MY 5
(4) oA 11
W OERO BB L ST A8 TH ), EIF (2L TLUT D 2 ongthFEL2
Bl
PCA (FEmks55574)
CVA (E#ZE=m5H)
- kR OB & T S,
(5)E a3 I
EEOWRLTHHFTH), UTHZ L5179,
CERICEEOREWEKEE L L THTOTE1T .
CHEBDRKENT —IWRRLT I E ) DR IH L ERAMK 4 <,
- SIF %K, EIF tOEHMNEHNT 5,
6.3 SAF/F OAHBF—F X

T—=F ey & MR T — 5 & (7R)
‘METHOD = Fi’ HF oo Fik (L7R)

ML &L, P FHF&
LS &/ hTEE A TA77HTH

‘NF=n’ 7% (7R

'MAXIT=n’ R AR 2K (777 # )L+ 1 n=50)
'CONV=¢’ USHCHISE A (777 x )L+ 1 €=0.0001)
'GRAPH=YES or NO' 77707 (77 x 0 b 1 NO)
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'SENS3=YES or NO' RESHIINDEST (77 %Lk I NO)
'SENS3=YES" DN ASFER
'SENS3=YES’, s, S, 7n, 0,, -, 0,

S, SIF oFt8E (1 FE4775, 0 ETLLW)
S, BRESH T, UOEET (1 FETTL, 0 ETLE)
n ook TEEE
0, & & VIEERES

() n oL o, niEEMBELELIZT 5,
'GRAPH=NO' D& TLRESITND 77 712§ 5.

()  SIF Oi&E#47v, No. 75 No. 82% 7% & L, BESH I, ILIZEET

Lawnigd
'SENS3=YES’, 1, 0, 2, 75, 82
6.4 SAF/F @ JCL 0

LIFiz, MARDIA 7 —% %, &AEXHCT, EF#2, SRREEE100, PURH
EFM0.000001 T 7 7R, BRESHTIAZITH & &0 FACOM-M380. JCL (Job

Control Languege) 2 T#® %,

//XXXXXXXA@JOB (, 200), CLASS=B, MSGCLASS=H, REGION=1024K
/*JOBPARM LINES=12
// EXEC PGM=SENS3P1®
//STEPLIB DD DSN =CEN0150. SAFF1. LOAD®, DISP=SHR
//FT05F001 DD*
XXXXXXX., XXXXXXX. DATA (MARDIA) -+ T—2%—+t v + 4

'METHOD=ML" e Ry-sthoFiE (FLd)
’NFZZ’ ...... @%ﬁ

'MAXIT=100" e N e
‘CONV=0.000001" e H 5 F
‘GRAPH=YES" e 757 DHT
'SENS3=YES’, 1, 0, 2, 75 8 e R LD FEAT

//FT06F001 DD SYSOUT=A

//ET06F001 DD DSN=&&PLOT, DISP= (NEW, PASS), UNIT=SYSDA,
//SPACE= (TRK, (10, 10))

//EXEC PGM=PSPCNV

//STEPLIB DD DSN =PP1, LINKLIB, UNIT=SYSDA, VOL=SER=MSPSYS, DISP=SHR

//XYSYS DD DSN=&&PLOT, DISP= (OLD, DELETE)
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//SYSPRINT DD SYSOUT=*
//WORK DD UNIT=SYSDA, SPACE= (CYL, (1, 1)), DISP=NEW
//MPTMST DD DSN=SYS1. KPATNLIB, DISP=SHR
//GDFILE SYSOUT=*
//SYSIN DD DSN=SYS2, PROCLIB (PSPCNVP)=SHR
//
() a) v a3 74
b) ETT 70T L4
) Ef7T570 72N —FEL2—LDA->TWET—F Ly b4

7. % & #

#1%E (Mardia et al. Multivariate Analysis. 1979. Table 1.2.1 Open/closed book
data) Y05t 2@ L T SAF/F O EL#EE2 HAT 5. Z DT —FZI38BADEAIINL T,
SERORBEAIT- LD TH L, B 2 HFHIFRIESL R »' 5 (open book), #D
3HEEHIFHRIE S RT12 (closed book) iT - 72 L D TH 5, BRI P =5, BEEEI: n=
88T, Mardia 512~ T, 2IRFETI (9 =2) 2IREL THELFETHNT 5,

HFahofReRe L (K1), )=y 7 2REEORTFAMENEIZ, F1KWFT
TE3, 4, 5KREL, B2RFTEREL, 225KkEWw, 2N &Y, F£1ETFIE, closed
book IHF%# %L, % 2K T3 open book T #EL TWbLnEHEZ LN,

Kz, BESMT I DS THES N MESEITH 4 BB AV 2 L2 |40 o
A>T v 727ay b%R%5E No. 75% No. 820°kELfEZ2F->Tw3 (K1-(a) P
TAITK L THE»RECEEZ 55, $72, DasTlE, No. 75 No.880fth, No.54
& No. 562 k& (K1-(b)), #EHEE (CVR) #H 5 & No. 75& No. 821+, No.
54 £ No.56i3—DfE%2 & ->Twd (H1-(c))., - T, No.75% No. 82137 & ¥ L #
TERENEC DT —2 7T, No.54x No. 563 HEREI B XL XT—%ThHhd 2
L b, BEE~ORER RS ¥ 13, No. 75& No. 8212 — M, No. 54 No. 56
FH+OEEFO1-(d). #-T, BBEREELTEEAEEIE L), HHILEGED
BAGbT—=FTHbIrbhrb,

REASHTIL TR 72 CVA DX % K5 &, No. 75& No. 82i3 1 #icxf L Tk <,
No. 54& No. 56i%, 28I L TAkELC, TNEFNOXORTIIHEDFEIIMTE Y,
MOMTIIHEDHEE) LDEFEZLNE (K2),

Z 2T, No.75% No. 82%7%& & L THFIEAT) &, HRIITKROMIZH S, (£2)
INnERDLE, B OMmBESEUS, 0.4664750.1787I2KkRE CELL Twb, ZDRER
EET— 2 EERWIER KT ootz B—HF, EEcE_RF42E)eT
—ZDFERIZX, No.75&No0. 82% 7 & LFEREZOTHAHXKZES (M3), 2nE2 i3 L,
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B
=2

£1 EBLECLIRFIHOER
(The open/closed book data, n=88 ; two-factor model)
Variable Factor loadings Unique

variances
1 0.2702 0.6787 0.4664
2 0.3600 0.6721 0.4187
3 0.7429 0.5095 0.1886
4 0.7402 0.3167 0.3518
5 0.6982 0.2857 0.4310

DMS DELTA NORM

CVR
0. 00

0-25 0. 500. 0O S. 00 10.00

0- 800- 00

15.80. 80

10.00

X1

70. 00

30.00 40. 00 50.00-

NUMBER OF CASES

20. 00 60. 00

B2 OHBREDA Ty 7270y b —
RE - BEEES, Hdh): AV, (6):Dns, (¢): CVR, (d):( 75V

80. 00

90. 00
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8
2 58
1 ':
8 *s4:
87 :
] D
o N
@ w ox
a x o x78
N AKX LD [T T S, xga
X 82
> 8 x:;{. “:&,a;,&x‘ 75
& x x
0 a
8
@ 1
[\e)
l
2
=) T T T T t T T T T nl
“%0.00 -36.00 -12.00 12.00 26. 00 §0. 00
X1
2 CVA o#HiN
i 1 LBEE
Hidh B2 IFRER
(=]
o -
S 01
® ] :
=) >'<1 X2
] B
o~
S 02 X3
(] '03
§%_
S
X
] xg'
° S oy
S
o
Q. T T T T T T T — - )
S. 00 0.18 0.-36 0.54 0. 72 0. 90
LOADING 1

3 WFAFTYOELO BN
X . £T—7,
O No. 75, No.82%%& L7254
wEEh BT, Hteh B2 HT

&5 — 7 & 728413, openbook (2% L TZEH 1 £ 2, KU closed book (23 L T&
¥3, 4, 5XiF) T HBEINTW3EH, No.75& No.82% % & AL E Jh ek e
¥ 2 L3R AACRE L, Ricik 2 RTFOBRAyRE L > TCbE)ICRZ%, 2
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DZ b, No.75% No.82IF 2 RHFETNEHZ TWAEELT—FIThbEEILN
%,
HEHKENT—F No. 75& No. 8275, £T—F TR¥ELT— I LI 2 AR50

%2 BLHECLLZ2ATHSHOEE
(The open/closed book data, n=86 ; two-factor model ; No. 75, No. 82 Ommitted)

Variable Factor loadings Unigue
variances
0.2310  0.8763 0.1787
0.4857  0.5262 0.4872
0.8096 0.4147 0.1726
0.7851 0.2126 0.3384
0.6957 0.2340 0.4612

Gl = W DN

X1 X2 X3 X4

I X:NGO. 75
- A NO. B2
~ . ~ \ .
X3 u "'x--:' .1":...""‘.'.-;:= :-. 1. -':.::::\.%:f':: .
¥ T T T 1 LI LI L v L]
. . b
X4 1. - .t Ve ::- N 1 . . S
4. . ..." ] . ;.. * | . :_"
-X : o X I
4 a - a e A,
L] T T LA 1 L4 T 1) L 1 L L T 1 ]
7 B 7 7 -
CH PPN DR R I s
1 % iR TAXE ) > I B SR
18 . A S At ] s

R4 HT7T—30LERHAFX X :No. 75, A :No. 82%%KT
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(=]
o
@
- xg2
o
-
-
(=] .
- x5 -°
Q
® 4
S
—_
wn . X
2 | x % x'}"
v x X
i x .x X
o 3
w0
: }f
o |,
D, T T T =T T T T T 1
. o0 2.60 5.20 7.80 10. 40 13. 00

5 |4V EIF & SIF o#4X
Wy o EIF, #t#h . SIF

ICEZEHAN ARV TAL E (K4), Z&E LIS L TIESmD FIZH 5295w
HEHICIBRZTV, MEEIIHNL TRECBRELT -7 Lidlbnk v, BEOEM
TRFGIIZOWTE, T =25 TREBEOKREWT—FIIROT A Z LIIREETH
%,

Kz, BrOVEL T RBVERELHCLERENDZLEL R 2010, ERIZT
— 2% 1TETO% L L CHERZERY (Sample Influence Function : SIF) A% = —(n
—D)(di—4), (i=1,-++p) (duy | FROBRIERE L 1280 4 ofEl) #FHHEL,
Ay & BRBHEH AR 7 L AOBHRER (K5) Y REVLDIRAE(, PExL
LOENELC, BE LA DRIZES T, E-T, Biilor» 5 SIF #Hw5 L1
&, A DRET S EIF 2B H0HEMTH L EEL LN,

8. &b I

BAEN v AT LlE, RAEDADETTRRTH 57, ERFE, SN RERLFT L7
7RO FHELEARABRTH S, 72, FEEKII 1 ROEZ TOFEL»MT-T
VRS, 2 RDIEE TITH) LT L D v EIc w5 E 2 515, SAF/F I3,
BHEDFT Sy FERTHEL T b 726, 255K SAF/B, SAF/S o & ) (CERPFgRYIC
AAERARBET L Lt S ETT 2010 T, AudlEIZEy, LA L, SsuE (o
iR T3 CPU Time #4%) DizdETHfREREr L Toth Ta &MY S 5,
Fasis PSPWEERL T, 7Y v o—Liciizansgsyy, &R Version LHZEL
T CRT Bl ECRAZ D TERLHIZL L2V EEZ TWD,
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Development of Statistical Software SAF/F
-Sensitivity Analysis in Factor Analysis

Emiko NAGAHATA*, Yoshimasa OpakA*, Yutaka TANAKA**
* Information Processing Center, Okayvama University of Science
1-1 Ridaicho, Okayama 700, Japan
** Department of Statistics, Okayama University
2-1-1 Tsushimanaka, Okayama 700, Japan
(Received September 30, 1993)

Statistical software SAF/B and SAF/S have been developed so far sensitivity
analysis in factor analysis in BASIC and S language by Tanaka, Odaka, and Castand-
Tostado (1990) and Inoue, Odaka, Tanaka (1991). For all these versions, the main
objective is to investigate how a small change of data affects the outcome of the
analysis and to detect influential observations.

For the similar purpose we are developing SAF/F in FORTRAN using the main
frame FACOM M-380 of the Information Processing Center, Okayama University of
Science . With this software sensitivity analysis can be carried out for the factor
analysis of large data sets. This is a report of the first version of SAF/F.



