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Desire to be thin and relationship between ideal body shape and actual body
shape in Japanese women student. — Attempt to make an objective appraisal
of ideal body shapes through choice of models with well-defined body
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ARHFFE ClI e AEOBARARRI Z B0 5002 572012, TBIEEIEOH 503 12 LDk F5ETT IV

(BMI 78 15.5~25.8 kg/m2) D17 b EARARM 28R <, el o SRR & D BIEIZ OV T b IRET
Lo, #3544 322 4 (FFiis 19.811.9 %, &K 159.5+5.6cm, {AH 52.9+7.9 ke, BMI20.8
+2.8 kg/m?) Tholz, 77— MIE VBB L T HEERME GEAAR) 22 mELTHH D
Ll bio, BRI E T VA BIRSE CEOBRBEME A AW CTHNr Lz, BURE Y b ) LREIE
L= F5E13 85.7% (276 44) TH Y | B/ WEHRIZOW LI A A VA2 B L L2 (37.7%),

TRWND | (34.8%), [HEZWIRBH D051 (12.7%) 72 EThH o7, MK T, HE 161.1+
4.6cm, {AH 48.2+4.6 ke, BMI18.6+1.4 kg/m2, /XA k 85.4+55m, V=X k 60.0+4.3cm, & v~
83.415.8cm Th Y, ZHHIFEAKRMZNZNOEME & AEZRMBEMABGRI#EEZ<RBO N, — ., &
AR 7 L OFEIE, R 72.3+2.4cm (BIAHE E L 46.1%) | 518 159.1=3.7cm (101.6%) , {KH 43.8
+5.7 ke, BMI17.8+1.9 kg/m2, /X% k 79.5+3.8cm (50.8%), 7T A k 60.7+2.9cm (38.8%), t v
7°83.5+3.8cm (53.3%) e EThH V., T o DOEEIZFEMEBZNENOEME & OMICIZE AL ERER



FHBABIFRIZRR D B2 o 7o, BEERARARL & & & ([ ZEB AR 7L 05l 2 VTR & 3 2 (R o
Hiaz kb L, & 161.1 cm, {AHE 46.2 ke, BMI17.8 kg/m2, /XA k 85.4cm, VT Ak 625cm, t
v 785.9em THY ., I NDHOMIZITME 74.3 cm, FEME 163.7 cm, b 23.2 em, AiEHH 21.7 cm,
KERPH 50.9 cm, TFHRPH 32.2 cm, B EPH 21.7cm 72 ETh o7z, LLEDOKERN D TREEME O 5 /a8
AT T L OBRIUT K> THRAEFELZEOBBET O L0 ZEIEE? RS v, Z0KEiT4 1
FABRH OB L T ERR TH L Z LR EBRHLNE o T,

F—U— N L4, EEEE, AR, BREEME, X714 AV

Abstract

In this study, subjects were asked to select ideal body shapes from among twelve women student
models (BMI of 15.5 — 25.8kg/m?2) with well-defined body measurements, and the relationship with
the subjects’ actual body shape was examined, in order to clarify the ideal body shape of women
students. The subjects were 322 women students (age 19.8+1.9yr, height 159.5+5.6cm, weight 52.9
+7.9kg, BMI 20.8+2.8kg/m2). As well as being asked in a questionnaire to give what they considered
to be ideal body measurements (ideal body shape measurements), they were also asked to select a
model with an ideal body shape and analysis was carried out based on those body measurements.
Eighty-six percent (n=276) of the subjects replied that they wanted to be thinner than they were at
present giving the following main reasons: “I want to have a better figure,” (37.7%), “Because I'm too
fat,” (34.8%), or “Because there’s something I want to wear,” (12.7%). Ideal body shape measurements
were as follows: height 161.1+4.6cm, weight 48.2+4.6kg, BMI 18.61.4kg/m2, bust 85.4%5.5cm,
waist 60.0£4.3cm, hip 83.4+t5.8cm. Many of those were seen to have a significant correlation with
actual body shape measurements. On the other hand, measurements of ideal body shape models were:
leg length 72.3+2.4cm (46.1% of ideal height), arm span 159.1+3.7cm (101.6%), weight 43.8+5.7kg,
BMI 17.8+1.9kg/m2, bust 79.5+ 3.8cm (50.8%), waist 60.7+2.9cm (38.8%), hip 83.5+3.8cm (53.3%),
and virtually no significant correlation was recognized between these measurements and actual body
shape measurements. When body shape measurements considered ideal were sought using ideal body
shape model measurements along with ideal body shape measurements, the results were: height
161.1cm, weight 46.2kg, BMI 17.8kg/m2, bust 85.4cm, waist 62.5cm, hip 85.9cm, leg length 74.3cm,
arm span 163.7cm, upper arm girth 23.2cm, fore arm girth 21.7cm, thigh girth 50.9cm, calf girth
32.2cm, ankle girth 21.7cm. These results show that, through the choice of ideal body shape model
with well-defined body measurements, more objective measurements for ideal body shape are sought
by young Japanese women and these measurements have virtually nothing to do with the actual body

measurements of the women students themselves.

Key words: women students, desire to be thin, ideal body shape, body measurements, body image
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BARNDOFVEMOIEELNEL, —BIZFEERBIEIC S TR BEES S 0 < L EERE (HH 0
TEEEE) THHIHPNDLT [KoTWd ) HEENEN] L& Bn, DEEEV) HEEEZHS
L7cWn ] 72805 X9 i e ERSCRT 4 A A=V DEZPBDOND, O ARENDI2NE
315 BMI (Body mass index: R4 728 21~22 kg/m2 F2JE & Wbl TV B BLIR T 1630 TR
ST 2021234450590 T304 BMI 28 20.0~20.9 kg/m2 Tdh D EE LMD 79.9~97.8%7 [EAE 7~
W MREZEDS Lz ERE L, TOHEAAL T2 BMI 2 18.0~19.0 kg/m2 TH-7-Z EAURSI T
%o 20130 TEEMHE « S2BOIR ) 202 LuE, 20 b ofEE (18.5kg/m2 Aiii) DEIG M EFE K
B 29.0%I2F TEL, £72 2011 FLEFARPREERE AR TIL 5~17 ik D &+ O FEIRTES 1948 4F
FELIRER) & TR CRIEE X 0 ) Lz 2 & e Sz 39, I TIVNVFRO L+ REE THR AL
ATy FERERL 529 LA HFEDK 2% ERIETH D L OWRELH Y 38, LMEICEIE LT 5
PERECIBBIEIZ OV TIE TAEY EREOLOSE | & O H 5 37,

ZMEOE TR T D ERR A L TH D &, 2003 FO#E D TIEHECKE AL 754 (BMI 23.1+£3.3
kg/m2) @ 32.1%MH L& KO &7l L, 46.4% 03 E BARRNEAR L B L72olcxt LT, KvfeToh
D HARNLZ 74 (20.921.9 kg/m?) (X 75.4%03H %2 KD EFHI L, 91.2% 3 (AR HAH L [R5
LCW5, £72 2006 FEi2#45 <4172 WHO (World health organization: S ERERERT) D&l 59Tl
1 N7 @ GDP (Gross domestic product: EWN#RAFE) 3B EL % 2 7 KL EOSEERE O Cl3E &
T XM (18.5 kg/m2 Kiiii) DHAIZZL K DEN 5% T THLHDITK LT, HAREITA 12.24% & 22
LCWe, DFE D, ZthoRE N1 OFIG A EE 1SR < 22 DR OFIEG 3B TRV B AR 1012380 T
WTEDFEFEANED BMI SBMEIENIC S 0 720852 D 8~9 FINEHFELEZ 1 - TV D Z S 2N Tk
RENZAHATEHARZEThD, £o, s Sz BMI LT Y 27 EOBEIZHOWTYH, 7TUT
A (BAR, FE, #&EAR L) 13T 270 EAPKCKAANLY bEETHDL Z LR RENT
W5 3D, fiEo T, HARNEFELIEIZA DN DR LEEFHESCRT A4 A — TV DERL, kD OREFHE
R DARFFEHEC R I B WD T h D TEAARMETH 5,

T, BFRELEOEEEMIZOWTIE MSCEH 8 2 WITIERIEZR & 138390 LMY N OREFEOFE
2T e  WHHRA~OERB L EET 2WE A DND 4154, OF 0 | EHFELE OO ITR
HHZ RS F IR RE f%abt%ﬁi@%%ﬁﬁﬁﬁ%®ﬁ”ét’b HIAERICAETEEER A FIET S Y
2RI PRELIRDENI BDOTHL (AFRBIEHIRAED) . Bl 21E, BEMICEREKERT A =2 2%
E:Lfﬁﬁﬁwb(%ﬁf%ﬂ&ﬁ%ﬁ#@\itﬁx%_ﬁabtﬁﬁ%%ﬁmiémmﬁ%%%
T ERNC/2 D Z L PR S TV D 319, ERERITIRH KRR (2500g Kl & L CAEENE
FaMIZENL ECEENT-E L0 BRIBESAREICE TFRVERN (EREEER) ) TholZ b
MHEINTND 9, ZOXH7%Z b, 5HETICE L OWFREIZL D B EREECHEELD 50T
BH R ST D HEREEE O BE BN EIE ST DAL TIR Y 71920235059 7 A G EE O [
FEAA 21 (35 1K) | 29Tl 2022 A % TIZ 20 R E&MEDHEEOEIG % 20% (2016 FLE1T 22.3%)
T2 & WS BEREZBT TWDA, BAARNEELEOMELEEEMICEHEINDIE LB ALND
L9172 TETVD X ITITE X2,

DX 9 RREDFEIZ OV T, 2B AR TOE N RBREE R 170 ERk 2 Ao fe i i < e
ENTVDA 1333D ZD— I&Lfi% Hﬁfiﬁ@@%ﬂ(%%)%%ﬁﬁm(% TIRE) (2fith
DTN T —HIN TN D7D, JEFAET) & OBES & D72 IE LWERBEIEIZE T 2 1 #)
DARELTNDZENREZOBND, DF V| BCOCME OREEMENEEL D 200, 724
HENTOWAHHEIE (KERR Y —H A X2 L) NIELWLDENLE O O LERZ L MEDERRIS
WINZERFR CTH D0, 7 E L NS Z IOV TELLFITE 2 IZEDEREFFHHE TRV DMELR
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ThhH, BEOEHEFLMEOEERAESCHA G 7 SICBT 235 Tid, —RICHEERE B & DR

(L IFHEEEREOHR) PACHESINTEY, EL LTHALTHRELFHEL TWHDHHENR LN K
IS, L, £TOXIRGAEIE, HREOKRENERELY b/NMIRE SN D ATREER & Y
1053 F-HME L 925 BMI (BARKRE) NEEORT A4 A= L30T LH K LARv &) R 57
DRINTEHEY, BHAEMOHE L LTINS ENEBDRN, 72, ARNEFLMEZNRE LA T
4 A A=V O (B CARRFHE-CHAR AR D8R 72 &) Tid, Bell et al.¥, Fallon and Rozin®, &%
U ME Thompson and Gray972 ENBR LTz A 7 A Nl 213642500 KR NEDO TR A2 3 2 v o — ZALBRIZ L
DAERR L7 902 W CTHE LSS L H 50, 2D OFETIIWAMICIEERENS 205720 2
IZHOARE L i L 2 &0, BARARI DS B —fb S U TAR AN ORI B b R E O AR 2 S
THZEREBERINTND 364257, I 50F, WETIIHFRAZAN L THEOHEN R S 24
A FRFy b RIZABR S TW D PR AIESCHABDORIMR E 4 5 TE R0 o T,

PLED X5 R E R D720 0—J5ikE LT, BEICEEEENH &0 7R T 7 L 2 8IS
BDHZ LI L o CHARRRZ A LT D08 1112 BT LRI 5 FfE & 7205 212 BMI Y 17.4
~25.4 kg/m? L HIFHROOMLS . FLEONERLT B AR —2 g VOFEMICOWVWTHAHTHDL Z LD
F3 RIEIZ 2R o> TV RV, £ 2 TAIFETIR, AARNEFE LMD SR ECHA R 2B 52T 572
DT, TERBEEN LV FEHIC 0> TV E M 124 2T M LT, K PAEICHBE T2 DoET
WEIBIREE D Z LIk » THAE & ZOREEZA I T 5 & & bIT, kb DEEOFEM L DR
HIZOWTHET 22 L2 AE LT,

I. 5
1. #BRE

W 1Z, N IBNORF 3 L O 2 1, T IRANOEIIRS 1/, HIRNOKSE 1, HE
NOKRF: I RIAEEET D 18~29 ik £ TOLFFAERF 3224 (19.8£1.9 %) Th o7z,

T o — NHAESLHEREHIOREIZOWTIE, E T PROREE LT - PR HEH I CEME B KO
ETE BB L CHATHRE 252 1 CHFa M ORISR E 12 LGB O B, BB S ORHE (D
4 A ERR AR CREABE SIS FE U TR I E) . BIZPRIE DEEMEIC DWW T L, #ado
ZINFEE Zf37z (AIEE =R 80.3%), 723, gAAMIMIEL 2007 44 AH 20123 HETTh o7,

2. #BRE O RBHIE

TAE ORI B WRE I RERE 2K L, JFRIE LCHE, (RE, KEFE GFF v U S—%2H
Wz B EL S B HE FERO R FHEIEC X0 Eimidd s ARG HBF-352-W (2L Y sk
7o) BOMEJERE (SA b (FLEERCHOEH) . = A b (/) . B w7 (GRKBR)) ZERD Ik 181 &
VIRELZ (CLF, ERER L $53), ZORIEIZOW I LM E BB ) EicE FiEDHRE %
LT T PR AN TN L2y (GRIE EME 1% 58.1%) . Bl THIEN R AIRE/2 5 G X ATREZR IR Y BT
HELTHH ) XOICERIE L THIEZ BORE L TH bofe (MWEIZIG U TERIBIFOERZE 5 L),
¥, ABFRIZB W TIIHRE ORI E L TH R EERED LRV DI OWTISH bR Lz,
F 1B O F KE AR L7, BMI 28 18.5 kg/m2 AR OWERE 1L 47 4 (14.6%), 25.0 kg/m2 LA
kX164 (5.0%). FEMEM=ER (HIEH 188 4) 78 30.0%LL ki 25 4 (18.8%) fF{EL7T-,



Table 1. Physical characteristics of subjects.

Age Height Weight BMI Fat LBM | Bust Bust Bust- | Waist Waist Hip Hip Hip—
girth /Height waist girth /Height! girth /Height waist
) | em)  (ke) (eg/m?) ) (ke) | (em) () ratio | (cm) (%) (em) ) ratio

Women mean 19.8 | 159.5 529 208 243 394 840 529 1275 66.1 41.5 89.1 56.0 1.351
students SD | *+19 *£56 +79 =+28 =£56 =+42  +71 =£47 =£0092 +75 *£48  =+59 £37 =£0.095

n 322 | 322 322 322 188 188 | 144 144 143 169 169 145 145 145

BMI, body mass index; LBM, lean body mass.

3. EFILVORERIE
FBTMTIE 18 D 22 ETO BMI O 5154 12 4 (#iPH 15.5~25.8kg/m2 : 21.0*+
3.3kg/m2) Z M, £ 2 1R T X D ICEFRANIE L D ORERE 2RO FHiE WIZ L 0 To7-, WEOH
ENZDWTIE, BB EIEE & o s, R 23 e RERAL, KRERFH SR E N AL, T BREH S B KR AL
SR PHDY T RRNAMER B350 428 RUZ CTRIE L 72,

4. TUo—FHRR
1) BRI LZFBEOE ML EYEEORE
ABARID A CRHlC W TR, SEEIC K 250G Wik 5 5 SO (1. 2272 0 R, 2. 08, 3.
R 4, KD, 5. e KD) hH 1 2FFEIFLTH BTz,
HEEAIZ DWW TR, FTBROFAICK L TENEZE xtwﬁfﬁhow13o®@ﬁ%(lfﬁ
720, 2. AOFE TRV, 3. KV 72W) OFMBEZELTH BV, BEE ) L A& LB 1ok
TIE, FOEREHZERE 1. AFZANVERS LV, 2. KW Ko7z b, 3. %fzb‘ﬂlﬁiﬁ%éﬁ\%\
4. IR Aoz nnn, 5. fBEDZS, 6. WO FEALANND, 7. HEO—HIITRmRH 5 |
8. FDM) OFNH1SZFEIELTH Lo, S HICEEICLAHEAREZ B CFMO 5 DO D
Fb 1 52EIELTH LT,

2) BfEEARAT

BAEFRARATL . S F v BAE L 4 B THERE IO W T, FANCRIE L= BdEo#H L L bic, R, &
H, LOEREE (N2 b, 722 b By Y) OBEEZRIZELTLLo7, LT, ZOHREEEND
BMI %#. KEBHZFNENEHGENSE (% : N2 NGE, 922 NEE, v v 7IE) &, S50
ARETZARNHEANRAR « U AR (RNAMNYTZAR) Z, By T EUZAMNpbey Y« xR
Mb (e Ty b)) ZEH L,

3) HOHAK OB E TV OBR & 2 OREBEIE
BREITITEE 1 IR LEETAOH NG HEHRIEWET VR OBEBROE T L2 Z i1
DIFIRLTH DBV, R 2 IR LIEETVORERIEZ AW THONT Lic, 77— MRIZIXTE 575005
ANBLZPEBR U TR O B CHAB A PR T ITRIRL TH 5 H 72dll, 124 DFT VOFEEZETH L b DI
IMTLEFEEMHL, Lavd BMI ONEF TIEAR K IERFEICIESTER L TH b o7z,



Photo. 1.

Twelve women student models used in a questionnaire.

Table 2. Physical characteristics of 12 women student models.

BMI | Height| Leg Leg |Arm span Arm span|Weight| Fat | LBM | Bust Bust Bust- | Waist Waist | Hip Hip Hip— |Upper arm Upper arm |Fore arm Fore arm| Thigh Thigh | Calf =~ Calf | Ankle Ankle
Model length /Height /Height girth /Height waist | girth /Height| girth /Height waist | girth /Height | girth /Height| girth /Height| girth /Height| girth /Height
(kg/m”) | (cm) | (cm) (%) | (cm) %) ke) | C0) | kg) | (cm) (%) ratio | (cm) (%) |(em) (%) ratio | (cm) () |(em) %) |(em) (%) | (cm) ) | (em) (B

a 155 | 1580 | 744 47.1| 159.8 101.1| 38.7| 17.6| 31.9| 742 470 1247, 595 37.7| 794 503 1.334| 206 130 | 202 128 47.6 30.1| 284 180 212 134
b 17.1| 1535 | 704 459 | 1540 1003 | 403 | 183 32.9| 77.3 504 1282 60.3 39.3 | 80.1 522 1.328| 219 143 | 210 137 482 31.4| 305 199| 207 135
c 178 | 1543 | 700 454 | 1600 1037 | 424 | 250 318| 795 515 1366, 582 37.7 | 832 539 1430 | 219 142 208 135| 475 308 | 314 203| 211 137
d 190 | 1563 | 705 451 | 1550 992 | 46.3| 228 | 357 | 825 528 1341 615 393 | 835 534 1.358 | 240 154 | 221 141 532 340 | 356 228 221 141
e | 195| 1605 755 470 161.0 1003 | 503 | 239 | 383 | 847 528 1334 635 39.6| 862 537 1357| 246 153 | 220 137| 514 320 326 203| 206 128

f | 205]| 1626| 747 459 | 1672 1028 | 543 | 233 416| 823 506 1225| 672 41.3| 91.0 560 | 1354| 259 159 | 223 137 | 543 334 340 209| 205 126

g | 214|1650| 760 461 | 1700 1030 | 58.3| 27.8| 42| 860 521 1303| 660 400 | 944 572 1430 | 267 162 | 232 141| 505 36.1| 372 225| 224 136
h | 226 1623 754 465| 167.4 1032 | 50.4| 233 | 456| 87.6 540 1230 71.2 439 | 932 574 1309| 281 17.3| 243 150 566 349 | 37.0 228| 218 134

i 235| 1539 | 69.7 453 | 1544 1003 | 557 | 284 | 39.9| 825 536 1248 661 429 932 606 1410| 265 172 240 156 | 605 39.3 | 382 248| 223 145

i 239 | 157.3 | 721 458 | 1600 101.7| 59.1| 30.7| 41.0| 889 565 1261 70.5 448 97.3 619 1380| 288 183 246 156 593 37.7| 367 233 | 213 135
k | 251 161.1| 750 46.6| 1638 101.7| 65.1| 389 | 39.8| 915 568 1233 742 461 99.4 617 1.340| 284 176| 246 153 | 61.1 37.0| 394 245| 225 140

] 258 | 158.7| 711 448 | 1575 992 | 650 | 354 | 420| 994 626 1390 71.5 451 994 626 1390 | 289 182 251 158 | 642 405 411 259 | 231 146
mean 21.0| 1586 | 729 46.0| 160.8 101.4| 529 | 26.3| 385| 847 534 1.288| 658 415| 90.0 ©56.7| 1.368| 255 16.1 | 229 144 | 553 348 | 352 222 | 216 136
SD 3.3 3.7 25 0.7 5.3 1.6 9.2 6.4 45 6.7 3.9 0.057 53 3.0 73 4.2 | 0.040 29 1.7 1.7 1.0 5.8 3.5 3.8 23 0.9 0.6

BMI, body mass index;

LBM, lean body mass.




4. ¥atHiosE
BB L) £ FEVE(R 725 TR LT, FERMARTY & 3 s AR (ARl F 7213 B il 7L & AR T 10
2 FEM DO TEREEUIE D LLERIZIE paired-t test Z VN, 72 SRR & EfE #ARATL & 2 VW ZEAR AT £ 5
BT 2 2 B OFTEH OBIEIZ T Pearson OFHBISHT & vz, S B2, FERFER, A OFRE
T, ROPAEEREIE T L OMO 3 BRI 1T, *HED & 5 —JuhliE 5 i & 0% & R E
(Bonferroni 7£) Z MWz, WIS A EKRET 5% AN & Lz, 7eds, #ityY 7 MI— 7 BLHEEN 2008
for Windows %z f\ N7z,

m. #% %R
1. BEICXL3HE D H CFH & OB KT

F 3L FFEICBIT 2 EE L2 EE O A R L SO IRFEA T Lc, B Ol 1<
ROKD| N 42.6% (HI%#H D BMI 1Z 21.0+1.8kg/m2) THHE <, WNT HERE] 2N 35.4% (19.7+
1.3kg/m2) TH o7z, 728, BMI 2 25.0 kg/m2 LA EOREE X 2K T 5.3% (174) LW aRho7iZ
L0 BT, 55.9% (180 44 : 21.9+3.0kg/m2) 23H COFEEAZ R (RRKDH L0 Ked) | LFF
i L 7=,

F 4TI X 2B L O BEO SRR E 2R UTe, BARARTEN T TOo0 ) 28 65.2% (20.4+
1.9kg/m2) THHE< . WNT HEE] 28 26.4% (21.8+4.3kg/m2) Thotz, 0@ E] & (01720
HH (5.83%) )] EbE¥DE, L FAED 705% (228 4 : 20.37=1.91kg/m?) 23 DEH| 2 EAAS
ELTEIRL,

Table 3. Verbal self-appraisal of body shape and physical characteristics of

each group in women students.

Verbal n % Height | Weight BMI  |Minimal BMIiMaximal BMI
self-appraisal (cm) (ke) keg/m?) | (ke/m?) (kg/m°)
1 | Quite slim 3 0.9 160.7 43.9 17.0 15.3 18.3
+3.2 +2.8 +1.5
2 | Slightly slim 25 7.8 159.1 459 18.1 154 21.6
+5.8 +4.5 +1.3
3 | Average 114 | 354 160.6 50.8 19.7 17.3 23.1
+58 +5.6 +1.3
4 | Slightly fat 137 | 42.6 158.8 53 21.0 16.4 258
452 | +60 | *18
5 | Quite fat 43 | 134 | 1589 | 625 24.8 18.4 36.7
+5.1 +11.2 +4.3
Total 322 11000 | 159.5 52.9 20.8 15.3 36.7
+5.6 +7.9 +2.8

Physical values are means=*=SD. BMI, body mass index.



Table 4. Verbal ideal body shape and physical characteristics of each group in women students.

Varbal ideal n % Height | Actuall weight { Actual BMI |Minimal BMI{Maximal BMI
body shape Ideal weight | Ideal BMI
(cm) (kg) (ke/m?) (kg/m?) (kg/m?)
1 | Quite slim 17 5.3 157.7%5.1 49.9+50 20.1+1.5 17.1 23.2
15 43.7+3.8 17.6+1.1
2 | Slightly slim 211 65.2 159.8+5.6 52.2+6.1 20.4+1.9 15.3 27.6
194 47.4+44 18.5+1.1
3 | Average 85 26.4 159.1+5.7 55.3+11.5 21.8+43 16.2 36.7
72 50.2+5.5 19.7%£1.7
4 | Slightly fat 9 2.8 158.6+3.4 53.2+3.5 21.2+1.4 19.1 23.2
49.5+2.6 19.7+1.6
5 | Quite fat 0 0.0
Total 322 100.0 159.5+5.6 52.9+79 20.8+2.8 15.3 36.7
289 48.0+4.9 18.8+1.4

Physical values are means®=SD. BMI, body mass index.
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Table 5. Presence or absence of desire to be thin and physical characteristics of

each group in women students (n=322).

Want to lose weight Maintain the present weight Want to put on weight

n % n % n %

276 85.7 36 11.2 10 3.1
Height 159.6 Height 158.8 Height 159.1
(cm) +56 (cm) +57 (cm) +5.1
Weight 53.9 Weight 47.3 Weight 43.9
(ke) +79 (ke) +46 (ke) +47
BMI 21.2 BMI 18.7 BMI 17.3
(kg/m?) | +28 (kg/m?) | *+14 (kg/m®) | *+18

Physical values are means=®=SD. BMI, body mass index.
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Table 6. Comparison of measurements between ideal body shape and actual body shape in women students.

Height | Weight BMI Bust Bust Bust— | Waist = Waist Hip Hip Hip—
girth  /Height waist girth  /Height| girth /Height waist
(cm) kg) | kg/mD | (cm) (%) ratio (cm) (%) (cm) (%) ratio

Ideal mean | 161.1 48.2 18.6 85.4 53.0 1.428 60.0 37.2 83.4 52.4 1.391
body shape SD +46 | +46 | =14 | =55 *+34 =+£0.118 *£43 +£26 | *58 *35 +£0.096
n 310 310 310 118 118 116 142 142 117 117 117

Actual mean [ 159.4 52.8 20.8 84.2 53.0 1.276 66.2 41.6 89.2 56.1 1.350
body shape SD +56 | =80 | 28 | £73 £48 +£0.090{ *7.7 +48 | 60 36 =+0.097
n 310 310 310 118 118 116 142 142 117 117 117

Significance $okok *okok *okk ns ns *okk Fokok Fokok *okk Fokok Fokok

BM], body mass index; ns, not significant; ***, p<0.001.

Table 7. Correlations between measurements of actual body shape and ideal body shape.

Measurements of ideal body shape
Height | Weight | BMI Bust Bust Bust— Waist | Waist Hip Hip Hip—
(n=310){ (n=310) | (n=310) | girth |/Height| waist girth | /Height| girth | /Height! waist
(n=153){(n=153)| ratio |(n=185)|(n=184) | (n=140)|(n=140) ratio
(n=149) (n=140)
Height r | 0554 0416 0.096 | 0.192 | —0.049 0.023 | 0.135|-0.082 | 0.317| 0.122 0.172
(n=322) [ n | 310 310 310 153 153 149 185 184 140 140 140
p Kok ek ns * ns ns ns ns k%% ns *
Weight r | 0335 0561 0450: 0.280: 0.135| -0.209 ;| 0.464 | 0349 0.294| 0.178: -0.193
(n=322) [ n | 310 310 310 153 153 149 185 184 140 140 140
p | Kk sekek sk sk ns * sk ok seokok * *
BMI r | 0.081: 0407 | 0454 0200 0.165| -0.246 | 0.434 | 0423} 0.160 | 0.133 i -0.293
(n=322) [ n | 310 310 310 153 153 149 185 184 140 140 140
p ns sekek kK * * *% kK kkok ns ns kK
Bust r | 0.158 | 0.367 | 0325 0460 0384 | -0048| 0.453 | 0413 | 0.338| 0282 -0.113
3 girth n 143 143 143 118 118 117 124 123 112 112 112
2| (=144 p ns *okok KKK Fokok KKK ns *ok ok KKK Hokok KKK ns
.% Bust r |1-0.012 : 0.212 | 0.266 | 0.354 | 0.364 | —0.060 | 0.386 | 0.412 : 0.195 | 0.211 | -0.177
8| /Height | n 143 143 143 118 118 117 124 123 112 112 112
7; (n=144) | p ns Kk KKK Feek KKK ns Fok ok KKK Hok Kk ns
E Bust- r |-0.189 | -0.333 |-0.251 | 0.009 i 0.112 0.425 | -0.457 | -0.384 | —0.078 | 0.003 0.465
'E waist ratio| n 142 142 142 117 117 116 123 123 112 112 112
c | (h=143) | p * koK Kk ns ns KoKk Fokok KKK ns ns KKK
% Waist r | 0195 0435 0374 0325 0213 | -0.273 | 0.571 | 0503 | 0.288 | 0.202 i —0.349
5 girth n 168 168 168 122 122 121 142 142 119 119 119
§ (n=169) | p * KKk skeakok Kkk * KK KKk Kook *%k * skakok
= Waist r | 0.058 | 0.328 | 0.347 | 0.265 | 0.214 | —0.292 | 0.540 | 0.526 | 0.196 | 0.162 | -0.405
/Height | n 168 168 168 122 122 121 142 142 119 119 119
(n=169) | p ns *okok KoKk *k Kk Fokok Fokok KKk * ns *okk
Hip r | 0190 0.407 | 0342 0369 0266 | -0.154| 0.478 | 0417 0.379 | 0.301 -0.126
girth n 145 145 145 115 115 114 126 125 117 117 117
(h=145) | p * sokk *kk sokk *k ns sk *kk *okk i ns
Hip r |-0.020 | 0.239 | 0.298 : 0.263 { 0.269 | —0.184 | 0.430 | 0.456 : 0.218 | 0.234 | -0.225
/Height | n 145 145 145 115 115 114 125 125 117 117 117
(n=145) | p ns *ok *kk ok *k * sk *kok * * *
Hip— r |-0.161 {-0.370 |-0.311 {-0.164 {—0.080 | 0.309 |-0.492 | -0.441 | -0.088 | -0.024 | 0.449
waist ratio| n 145 145 145 115 115 114 126 125 117 117 117
(n=145) p ns K¥kk skekk * ns KKk Kk skkok ns ns skekk

ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.
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Fig. 1. Relative frequency of one's own body shape and ideal body shape model chosen by
women students (n=322).
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Table 8. Comparison among actual body shape, one’s own body shape model, and ideal body shape model in women students (n=322).

BMI |Height| Leg Leg !Arm span Arm span|Weight| Fat | LBM | Bust Bust Bust- | Waist Waist| Hip Hip  Hip— |Upper armUpper armiFore arm Fore arm| Thigh Thigh| Calf = Calf | Ankle Ankle
length /Height! /Height girth /Height waist | girth /Height| girth /Height waist girth  /Height | girth  /Height | girth /Height| girth /Height| girth /Height|
(kg/m)| (cm) | (cm) (%) | (cm) ) | ke) | (%) | (kg) | (em) (%) ratio | (em) (%) | (em) (%) ratio | (cm) G) i (em) %) |(em) () |(em) (o) | (em) (o)

Actual mean | 20.8 | 159.5 529 | 243 1394 | 840 529 1275661 415 891 56.0 1.351
body shape SD | £28|+556 +79 | £56| £42|£71 *47 0092 £76 *48| 59 £3.7 +0.095
n 322 | 322 322 | 188 | 188 | 144 144 143 | 169 169 | 145 145 145

Own body mean| 210 1588|730 459 : 161.1 1014 |53.1 | 259 [389 [846 533 1287 658 414 [903 569 1.373 | 255 160 | 228 144 |551 347 352 222 |214 1348
shape model SD | *+26|+36 | +24 +07; *51 +15 |+73 +49|+39|+51 +30 +0.056 +4.6 *+26|+59 +35 +0034 £22 +13  +14 +09  *+49 +31|+31 +20|+08 *+06
n 322 | 322 | 322 322 322 322 322 | 188 | 188 | 144 144 143 | 169 169 | 145 145 145 322 322 322 322 | 322 322 | 322 322 | 322 322

Ideal body mean| 17.8 | 156.6 | 72.3 461 | 159.1 101.6 | 438 |21.7 | 338 [79.5 508 1.311 | 60.7 388 [835 533 1.377 | 226 144 (212 135 495 316 |31.4 200 | 211 1345
shape model 8D |+1.9|+32 | +24 +08: *£37 £15 |+57 | +36|+32|+38 *+21 +0050 £29 +14|+438 £19 £0042| £19 £11 : £10 =+05|+32 *+1.7|£24 +14|+05 £03
n 322 | 322 | 322 322 322 322 322 | 188 | 188 | 144 144 143 | 169 169 | 145 145 145 322 322 322 322 | 322 322 | 322 322 | 322 322

Statistical analyses

One-way ANOVA | #kk | sokx drok | kbk | okiok | Rkk kekk k| ok kkok | bk bk *k

Actual body vs ns ns ns Fokk ns ns ns ns ns ns ns * *
Own body

Actual body vs ok | kokok Frk | kbk | Rk | Rkk Rk kkk | Rk KRRk | RkK Rk *ok
Ideal body

Own body vs sk | kkk | ki kk | ko ns I e * shok Rk | kkk okk ns Hokok Fobok skk okkk | cklok kkk | kkk okkk | kkk bk
Ideal body

Physical values are means+SD. BMI: body mass index, LBM: lean body mass. ns, not significant; *, p<0.05; **, p<0.01, *#¥*, p<0.001.
Differences among the three groups were analyzed using one-way ANOVA and Bonferroni multiple comparison procedure. Differences between the two groups were analyzed using paired t-test.

Table 9. Correlations between measurements of actual body shape and ideal body shape model in women students.

Measurements of ideal body shape model (n=322)
BMI Leg Arm span! Bust Bust— | Waist Hip Hip— {Upper arm{Fore arm| Thigh Calf Ankle
/Height: /Height | /Height| waist | /Height|/Height| waist | /Height | /Height | /Height /Height|/Height
ratio ratio
Height r |-0.012{-0.001: 0.043 | -0.026 { —0.009 | -0.022 { 0.006 | 0.034 | -0.018 | -0.026 | -0.006 | —0.019 | —0.003
(n=322) n 322 322 322 322 322 322 322 322 322 322 322 322 322
p ns ns ns ns ns ns ns ns ns ns ns ns ns
Weight r 0.117 1 -0.057 : 0.051 | 0.127 i 0.101 | 0.052 { 0.102 | 0.069 0.115 0.073 | 0.056 | 0.094 | 0.023
(n=322) n 322 322 322 322 322 322 322 322 322 322 322 322 322
p * ns ns * ns ns ns ns d ns ns ns ns
BMI r 0.135 : -0.063 : 0.026 | 0.156 | 0.120 | 0.069 : 0.106 | 0.053 0.137 0.096 | 0.062 | 0.114 | 0.026
(n=322) n 322 322 322 322 322 322 322 322 322 322 322 322 322
p * ns ns *% * ns ns ns * ns ns * ns
Bust r 0.079 | 0.062 : -0.067 | 0.081 | 0.031 | 0.055: 0.019 | -0.049 0.098 0.002 | -0.001 | —0.006 | —0.143
o girth n 144 144 144 144 144 144 144 144 144 144 144 144 144
E (n=144) p ns ns ns ns ns ns ns ns ns ns ns ns ns
2 Bust r | 0.062 {0.071 :-0.090 | 0.059 { 0.015 | 0.046 {-0.004 |-0.065 | 0.065 | —0.005 | 0.007 |-0.006 | 0.008
E /Height n 144 144 144 144 144 144 144 144 144 144 144 144 144
© (n=144) p ns ns ns ns ns ns ns ns ns ns ns ns ns
1?5 Bust— r |-0.077 i 0.033 : —-0.072 | -0.070 { —0.026 | —0.057 | -0.087 | —0.039 0.098 | —0.057 | -0.030 | —0.062 | —0.005
‘g waist ratio| n 143 143 143 143 143 143 143 143 143 143 143 143 143
42 (n=143) p ns ns ns ns ns ns ns ns ns ns ns ns ns
QEJ Waist r 0.140 i 0.022 . 0009 | 0.124: 0.023 | 0.120 | 0.096 | -0.024 | 0.143 0.073 | 0.051 ;| 0.065 | -0.088
g girth n 169 169 169 169 169 169 169 169 169 169 169 169 169
5 (n=169) p ns ns ns ns ns ns ns ns ns ns ns ns ns
§ Waist r 10131 {0.031 :-0.003 | 0.112 : 0.021 | 0.107 | 0.084 |-0.024 | 0.131 0.064 | 0.056 | 0.065 |-0.174
/Height n 169 169 169 169 169 169 169 169 169 169 169 169 169
(n=169) p ns ns ns ns ns ns ns ns ns ns ns ns *
Hip r 0.029 | 0.012:-0.021 | 0.051 | 0.024 | 0.033 { -0.010 | -0.051 0.043 0.001 | -0.035 | —0.010 | -0.063
girth n 145 145 145 145 145 145 145 145 145 145 145 145 145
(n=145) p ns ns ns ns ns ns ns ns ns ns ns ns ns
Hip r | 0.002 {0.040 :-0.065 | 0.017 i 0.001 | 0.016 {-0.050 |-0.079 | 0.014 | -0.021 |-0.031 |-0.023 | -0.127
/Height n 145 145 145 145 145 145 145 145 145 145 145 145 145
(n=145) p ns ns ns ns ns ns ns ns ns ns ns ns ns
Hip— r | —0.196 | -0.032 : —0.009 | -0.159 | —0.021 | -0.164 { —0.157 | 0.009 | —0.190 | —0.126 { -0.111 | —0.114 | 0.082
waist ratio| n 145 145 145 145 145 145 145 145 145 145 145 145 145
(n=145) p * ns ns ns ns ns ns ns ns ns ns ns ns

ns: not significant, *: p<0.05, **: p<0.01.
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The definition of sequential machine by PSC

Tadao Ishii*

Abstract

In this paper we will show how to define a sequential machine by using PSC system
with T" as a finite set of pair-sentence formulas. A pair-sentence form (A°, B') means that
if we assume each stage number ¢ specifies the delay time of the link operation between
pair-sentences, then the pair-sentence form (A%, B**1) shows (A%, A**1) (where A'™! := BY)
that is the propagation of truth value of a sentence A at one delay time. So, we can define
the one delay truth signal circuit by using a pair-sentence form. Moreover, to combine
the plural pair-sentences in I', we can define Ms = (T'Vr, I, O,v°, 6r, Ar) as a sequential
machine generated from I', where T'Vr a set of truth value products, It a set of input
truth value products, O a set of output truth value products, or : TVr® x It? — TVpiT?
a truth value transition function and Ar : TVx? x Ir* — O a truth value output function.

Keywords: SCI, Liar paradox, revision theory, sequential machine, 3-valued Lukasiewicz
logic.

1 Introduction

The Liar sentence has been studied in connection with several theories of truth [12, 8, 5]. As
a typical such theory, Tarski had proposed T-biconditionals for L° in L' such that X is true
in L' <= pin L° where X is replaced by the standard name of a sentence in L° and p is
replaced by the sentence that is being true in L°. The language L° for which the definition is
constructed is called the object language, and the language L' in which the definition is given
is called the metalanguage. For example, let’s consider a simple Liar sentence:
(This sentence) : “This sentence is not true”.

Then, at first we have the following identity. (1) This sentence = “This sentence is not true”,
and by applying the Tarski’s biconditionals to this sentence, we get (2) “This sentence is not
true” is true <= This sentence is not true. So, by substitution of (1) to (2), we get (3) This
sentence is true <= This sentence is not true, which immediately yields a contradiction. The
Liar paradox appears to show that the fundamental intuition is incoherent. In general, a central
problem in the theory of truth is to resolve the paradox without damaging the fundamental
intuition in any essential way.

To deal with the Liar paradox normally, we have introduced a system PSC [6, 7] that just
rejects the principle of identity “A is A”, one of the third Aristotelian principles for thinking, as
a conservative extension of R. Suszko’s non-Fregean logic SCI [2, 11]. PSC was obtained from
the classical sentential calculus by adding a new pair-sentence connective ((_)?, (_)7), where
i,7 are some stage numbers. Frege, Ramsey and others have made the observation that the
sentence *“A” is true’ has the same meaning as A itself, and the addition of the truth predicate
does not contribute any new content to the sentence A. So, our PSC does not include the truth
predicate against the ordinary truth theory. If we consider a simple Liar sentence in PSC, and
define A="This sentence is true”, then we get a pair-sentence form (A%, —A!) with intent to
mean that a situation of A on stage 0 is referential to the situation of A on stage 1. More
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precisely speaking, we assume that any formulas A appear in the pair-sentence (A% =A%) has a
situation with superscript ¢ and if some situation A? holds then its next linked situation A**!
is referred by A**! := —A’. Hence the referential relation is similar to identity connective =,
but more general notion just as a mutual link relation between sentences A and —A, and even
that can be established between contradict ones if we introduce the stage notion ¢ on which
each sentence is valid.

In this paper we will show how to define a sequential machine by using PSC system with I"
as a finite set of pair-sentence formulas. For example, a pair-sentence form (A°, B') means that
if we assume each stage number i specifies the delay time of the link operation between pair-
sentences A and B, then the pair-sentence form (A?, B™!) shows (A%, A1) (where A**! := B?)
that is the propagation of truth value of a sentence A from A* to A**! at one delay time. So,
we can define the one delay truth signal circuit by using a pair-sentence form. Moreover, in the
case of Liar sentence we have a pair-sentence form (A%, =A!) which can show the self-referential
negative feedback of the truth value of A. Let I' = {(A{, B}), (A9, B),..., (A%,B.)} be a
finite set of pair-sentence formulas, X = {4, As,..., A} and X! = {By,Bs,...,B,,} are
sets of all formulas appeared in the first stage 0 and the second stage 1, respectively. If we
introduce that TV = {12, v(A7); A7 € (Sub(X?) N Sub(X'))} a set of all truth value assign-
ment products where Sub(X?) a set of all subformulas of each element of X® (i € {0,1}),
Ir = {H?zlv(Cj);Cj € Prim(X)} a set of all input truth value assignment products where
X = Sub(X1)/Sub(X?) a subtraction of each Sub(X?®) and Prim(X) a set of all primitive for-
mulas of X, O = {Il\_,v(D7); DI € Y} a set of all output truth value assignment products
where Y a set of all output formulas, v* € TVy an initial truth value assignment product,
or i TVp' x Ir' — TVt a truth value assignment transition function, Ar : TVR x It —
O' a truth value assignment output function and F a set of all final(accepted) truth value as-
signment, then we can define both Mg = (T'Vr, It, O, 0", 61, Ar) as a sequential machine and
also Mg = (T'Vr, I, v°, 1, F) as a finite automaton, generated from T

2 PSC Logic

2.1 Formal System of PSC

Let Lp =< FORp,—,\,V,—,(()%, (1)7), T, L > be a language of the sentential calculus with
pair-sentence connective. The formulas FORp of a language Lp are generated in the usual
way from an infinite set VARp of sentential variables, constants T (true) and L (false) by the
standard truth functional connectives —( negation), A (conjunction), V (disjunction) and —
(material implication) as well as the pair-sentence constructor ((_)¢, (-)7), where 4,7 € N are
some stage numbers. In our language L£p, we assume that every sentential variables are defined
on an initial stage number 0 € N. So, we have:
(1) VARp = VAR’ = {p°,¢°,7°,.. .}
(2) VARp C FORp
(3) VA,Be FORp — -A,ANB,AV B,A— B,(A,B) € FORp

Also we may use the same parentheses as auxiliary symbols even assume that the priority of
each connective is weak as =, A, V, —, (_,_) in order. Throughout this paper the letters p, g, ,
p°, pt, p?, ... will be used to denote any variables, the letters A, B, C, A?, A, A2, ... formulas
of a language Lp, the letters X, Y, Z, ... sets of formulas, and Greek letters I', %, A, ... sets
of pair-sentence formulas. Moreover, two constants T and L are defined as p° v (—p)° and
p° A (—p)° for some p° € V AR®, respectively. At first we will introduce several terminology
for pair-sentences as the following.

Definition 2.1 (Pair-sentence) (1) For any sentence A € FORp, if there exist some
sentence B € FORp such that “A is B” is also a new sentence, then we assume that there
exists a sentence (A%, B) € FORp, which means that there exists Al on the next linked
stage of A® such that Al is referential to B°, and call (A°, B') a pair-sentence formula of



AY and B'. Otherwise, we assume that there exists a senetnce (A%, A°) € FORp, and
call (A%, A%) @ unit of pair-sentence form for A°.

(2) The referential stage numbering of composed formulas is the following: for any stage
numbers i, j,k € N,
(i) (AT = —(A™)
(ii) (A" % BI)F <« AF % Btk where % € {A,V,—}
(iii) (A, BI)k <= (A+F Bitk)

(3) If some sentence A has only a unit of pair-sentence form, then we assume that: A* — (A"
for every i,n € N.

The superscript of each formula shows the referential stage number on which the formula
is valid. The referential stage number will start from 0 and increase with depending on the
referential frequency like 0,1,2,3,.... If we will interpret “A is B” as an identical sentence
(A° BY), that is A° = B in Suszko’s notation, then we will get SCI system.

Example 2.2 (1) For any sentence A € FORp, “A is A” if and only if there exist A°, A,
(A% AY) € FORp by Definition 2.1 (1). So, we have {"A is A7} <= TI'; = {(A°, A")}.

(2) Similarly, for any A,B,C € FORp,
(i) {"A is not A7} <= Ty = {(A° -A)}
(1) {”A is not B”, "B is not C”,”C is A"}
— Iy= {(A()?_'Bl)’ (B07_‘01), (CO,Al)}
(iii) {7C is (AV (BA=0))"} < Ty ={(C° (AV (BA-C)}
(iv) {"B is C7,7"C is (mAN-BAC)V(AAN-B)"}
< I'5={(B°CY),(C° ((mRAAN-BAC)V(AA=B)H}

Definition 2.3 Let T be a set of pair-sentence formulas {(A°, B}), (BY, BY), (B3, Bd), ...,
(BY_,,B))} (3n € N). Then we get T = {(A°, B}), (B}, B3), (B%,B3),...,(B"~{,B™")} by
Definition 2.1(3). So,

(1) We say that a sequence of formulas A°B1B3 --- B is a referential pattern of formula A
generated from T'.

(2) If A is belong to a set of formulas { B, B3, ..., B"}, we say that A has a circular referential
relation with respect to I'. Otherwise, A has a non-circular referential relation with respect
to .

(3) The referential cycle number of A with respect to T', 7(A,T') in symbol, is defined as
follows:
(i) 7(A,T)=0if AZ{B},B3,...,B"},
(i) 7(A,T) =n if Ac {B}, B2,... ,B"} and A = B".
So, if A has a circular referential relation with respect to T', 7(A,T') > 1. Otherwise,
T(A,T)=0.

(4) If 7(A,T) < 1, we say that A is categorical with respect to I'. Otherwise, A is paradoxical
with respect to T'.

Definition 2.4 (PSC system) The aziomatic system PSC for the language Lp consists of
two sets of schema TF A (truth functional axioms) and PSA (pair-sentence azioms) below:

(A1) — (A10) classical truth functional axioms
(E1) (A A)

(E2) (A,B) — (B, A)

(E3) (A,B)N(B,C) — (A,C)

(C1) (A,B) = (—A,—B)



(C2) (A,B)A(C,D) = ((ANC),(BAD))

(C3) (A, B)A(C,D) = ((AVvC), (B VD))

(C4) (A, B)A(C,D) = ((A— C),(B—= D))

(C5) (A,B) A (C,D) = ((A,C), (B, D)

(P1) (A,B) —» (A — B)

(P2) A — A* (Yn € N) if A has only a unit of pair-sentence form
(Mp) A AB—>B

The axioms in T'FA with modus ponens as a single rule give an axiomatic system CL for
the classical sentential logic. If we define a system PSCY by restricting the stage number as
0 € N only in a language Lp , i.e., “A is B” <= there exist A°, B?, (A°, B°) € FORp", and
hence, eliminating axioms (P2) from PSC, then the system PSC" is collapsed into systems
SCI because in this case we can regard every pair-sentence formula (A4, B)? as an identity
formula (A = B)® in SCI on stage 0.

Definition 2.5 (Derivability) Let I be a finite set of pair-sentence formulas in a language
Lp, X a finite set of formulas, A a formula and PSC a system in Lp. Then we say that:

(1) A7 isderivable from X based onT in PSC, PSC, X ' A7 in symbol, if there is a sequence
of formulas Bi*, B, ..., B:L’f117B};[L (n > 1) such that Bi» = A7 and every formula in the
sequence B{-l,BéQ, .. .,Bfl"_’f,Aj is either an axiom of PSC, or belongs to X UT', or is
obtained by (Mp) rule from formulas occurring before it in the sequence. n is a length of

derivation A7 from X based on T' in PSC.

(2) A is derivable from X based on T in PSC, PSC, X ' A in symbol, if there is a sequence
of formulas BY,BY,...,BY | B%(n >1) such that BY = A and every formula in the
sequence BY, BY,... BY | A is either an aziom of PSC, or belongs to X UT, or is

obtained by (Mp) rule from formulas occurring before it in the sequence.

(3) If X =0, PSC ' A in symbol, A is a theorem of PSC based on T'.

Proposition 2.6 Let 'y = {(A%, =AY}, Ty = {(A% —AL), (4%, 4%)} and T3 = {(A°, (B V (CA
—A)Y}. Then,
(1) PSC, A% 11 AL
(2) PSC F (AO, —\—|A2)
(3) PSC 2 L
(4) PSCH* B — A
Definition 2.7 (Elementary extensions of PSC) Let us assume the following additional
azioms: (P3) (A", B’) A (B < C) — (A", C7) (Vi,j € N)
(P4) (A, AT™) (In>1) (n — reflexivity)
Then, some elementary extensions of PSC are defined as follows:
(1) PSCp :=PSC & (P3)
(2) PSC,, :=PSC @ (P4)
(3) PSCpgy, :=PSC @ (P3) @ (P4)

2.2 Semantices of PSC

We interpret £p by using a classical truth assignment function v: VARp — {0,1} where
VARp is a set of sententical variables VAR® = {p°,¢° % ...} on stage 0 € N. Then we
can easily extend the function v to the domain of all formulas FORp in a language Lp. The
assignment for all logical connectives {—,A\,V,—} are as usual way, but we will use the truth
transition function 8~ : TVix I’ " — TV to interpret a pair-sentence formula (A?, BY) where

TV' = {v(A?); A* € FORp} and P =D x I % .. x I where I* = {i%,i5 ... if}isa



set of input truth value products on stage k. The n-th order of truth transition function 8™ is
defined as follow:

Definition 2.8 (Truth transition function) Let T' be a finite set of pair-sentence formu-
las {(AY, B}), (A9, Bl),..., (A%, BL)}, X° a set of all formulas appeared in the first stage 0
{A1,As, ..., Ay} and X' a set of all formulas appeared in the second stage 1 {By, Ba, ..., By}.

(1) Let us define TV = {v(A?); A* € X'} a set of truth value assignment on stage i € {0,1},
I = {II}_qu(A7); A7 € Prim(X)} a set of all input truth value assignment products for
all formulas which have a unit of pair-sentence form in T’ where X = Sub(X')/Sub(X?)
a subtraction of each Sub(X?), Sub(X") a set of all subformulas of each element of X'
and Prim(X) a set of all primitive formulas of X. Then op : TV? x I — TV is
a truth transition function determined by T' such that v((AY, B})) =1 if and only if
or(v(A9),I) =v(B}) (1 <k <n).

(2) Moreover, the following is a sequence of truth transition functions determined by or : for
any initial truth value assignment vy € TV,
0 ~0
or (vo, 1) = vo
(5[‘n+1(7)0, 1»:n+ ) = (SF((SFR(’U(), fn)7 I)
n
0 ) n —TN— . .

where I =< € >(empty input), I =1 x ---x I andn > 0 is an order of truth transition
function.

A

(3) vy is n-reflexive with respect to T if 6™ (vo, I ) = vo (3n € N).
(4) 6p~ " is a reverse truth transition function of dr if op = (dr(ve, I), I~ ) = vo.

We notice that 1-reflexive assignments are fixed points of dr, 2-reflexive ones have 2 as a cycle
number and every initial assignment vy is O-reflexive. Then we can easily extend this function
or to the domain of all elements in an Boolean algebra as follows.

Definition 2.9 Let T' be a finite set of pair-sentence formulas, Ap = (Ap,~,N,U,D,(_ :
2),1,0) an PSC-algebra and Dp a subset of Ap.

(1) An assignment of Ap is a homomorphism v : Lp — Ap such that the following hold: for
any A,B € FORp,
(i) v(A%) <= ((A))' (Vi € N)
(ii) v(=A) <=~ v(A)
(iii) v(A%B) < v(A)%v(B) where % € {A,V,—} and % € {N,U,D} is an algebraic
counterpart of % in order
(iv) v((4, B)) = (u(4) : v(B))
(w) v(T)=1andv(L)=0

(2) or: Ap? x I — Ap' is a Boolean transition function determined by T', where Ap® is an
Boolean algebra on order i (i =0,1) and I is an Boolean input elements list.

(3) The ordering of composed elements is the following: for every elements a™,b" € Ap and

number | € N,
(’L) (N am)l e am+l
(i) (@™ % b")! <= (a™H % b"FY) where % € {N,U, D,:}

(4) (i) Dp is closed if for every elements a™,b" € Ap, a™ € Dp and o™ D V" € Dp imply
b € Dp. (i) Dp is proper if Dp # Ap. (iii) Dp is admissible if for every assign-
ment v of Ap and formula A € TFAU PSA, v(A) € Dp. (iv) Dp is prime if for every
element a™ € Ap, a™ € Dp or ~a™ € Dp. (v) Dp is transit if for every elements

— 93 —



n—m
AT — /_/%
a™,b" € Ap and some input elements list I CApx- -+ x Ap, (a™:b") € Dp <—
épnfm(am,fnim) =b". (vi) Dp is normal if for every elements a™,b™ € Ap and an

20 -0
empty input list I =<e>, (a™:b™) € Dp <— opl(am ) =b" = o™ =b".
(5) Dp is filter if Dp is proper, closed and admissible.

Definition 2.10 Let I’ be a finite set of pair-sentence formulas, X a finite set of formulas, A
a formula and Ap an PSC-algebra.

(1) Mp =(Ap,Dp) is a PSC-matriz if Dp is a filter in Ap.
(2) Moreover, Mp is a PSC-model if Dp is a prime (1 € Dp and 0 ¢ Dp), transit filter.

(3) A is true in a PSC-model Mp under the assumption of X based on T, Mp, XE'A in
symbol, if for every assigmnent v of Ap, v(X UT') C Dp implies v(A) € Dp.

(4) A is valid under the assumption of X based on I, X =V A in symbol, if for every PSC-
model, Mp, X="A.

Definition 2.11 Let Mp = (Ap, Dp) be a PSC-matriz. Then we define the following:
Va™, b" € Ap,

1) = is a binary relation on Ap such that a™ ~b" < (a™ : V") € Dp.
2) |a™| is the congruence class of element a™, i.e., |a™| = {b";a™ = b"}.

(1)
(2)
(3) Ap/= is the set of congruence classes of elements of Ap, i.e., Ap/~ = {|a™|;a™ € Ap}.
(4) Ap/~ = (Ap/~,~,N,U,D, (- : ),|1],|0]) is an PSC-algebra with the following defini-
tions: for every |a™|, |b"| € Ap/~,
(i) ~la™| = [~a™] .
(1) |a™| % |b"| <= |a™ % b"| where % € {N,U, D, :}
Proposition 2.12 Let I' be a finite set of pair-sentence formulas, X a finite set of formulas,

A a formula and Mp = (Ap, Dp) a PSC-matriz. Then we have the following:
1) Dp/~is a filter in Ap/~. So, Mp/~ = (Ap/~,Dp/~) is a PSC-matriz.
2) Moreover, Dp /=~ is a transit filter in Ap/~.

(1)
(2)
(3) Dp/~ is prime if and only if Dp is prime in Ap.

(4) The mapping a™ ~ |a™| is a matriz homomorphism from Mp onto Mp/~. So, Mp, X|=' A
if and only if Mp/~, X=VA.

Theorem 2.13 (Completeness) Let I' be a finite set of pair-sentence formulas, X a finite
set of formulas, A a formula and Mp = (Ap, Dp) a PSC-model.

(1) X is consistent if and only if there exists a model Mp and an assignment v of Ap such
that X Cv~Y(Dp).

(2) PSC, X ' A if and only if for every PSC-model Mp, Mp, X|='A.
(3) PSC ' A if and only if for every PSC-model Mp, MpELA.
(4) PSCH" A if and only if for every PSC-model Mp, Mpl="A.



3 Sequential machine by PSC
We will consider a sequential machine by using PSC system.

Definition 3.1 LetT' = {(AY, B}), (A3, B3),..., (A%, Bl )} be a finite set of pair-sentence for-
mulas, X° = {A1, As, ..., Ay} and X' = {By, Ba, ..., By} are sets of all formulas appeared in
the first stage 0 and the second stage 1, respectively. X = Sub(X?')/Sub(X°) a subtraction
of each Sub(X") where Sub(X?) a set of all subformulas of each element of X' (i € {0,1}),
Prim(X) ={C1,Cs,...,Ci} a set of all primitive formulas of X, Y = {D1,Da,...,D;} a set
of all output formulas. Then we define sequential machine and finite automaton as follows

[1, 4]:

(1) Mg = (TVr,Ir,0,v°,6r, A\r) is a sequential machine generated from ', where TVr =
{II72 0(A7); AT € (Sub(X°) N Sub(X1'))} is a set of all truth value assignment products
(m = [Sub(X°) N Sub(X")]), Ir = {II¥_,v(C7); C7 € Prim(X)} a set of all input truth
value assignment products (k = |Prim(X)]|), O = {Hé-:lv(Dj); DJ €Y} a set of all out-
put truth value assignment products (I = |Y|), v° € TVr an initial truth value assign-
ment product, dr : TVri X It — TV a truth value assignment transition function
and Ar : TV x It* — O" a truth value assignment output function.

- o*
"l C1 D1
Cy D2
R Ck Dy -
i it1
TVE AL Mg By TVE
A2 B2
Am Bm
r

Figure 1: Sequential machine Mg generated from I’

(2) Moreover, if we restrict to O = {1(yes),0(no)} in Mg such that F = {v € TVr,i € Ir;
Ar(v,i) =1}, then M = (T'Vp, Ir,0°,0r, F) is a finite automaton generated from T,
where F is a set of all final(accepted) truth value assignment.

We will investigate several sets of pair-sentence formulas.
Example 3.2 (Dialogue for Socrates, Plato and Aristoteles)
Socrates : “Plato’s remarks are not true”.
Plato : “Aristoteles’s remarks are not true”.
Aristoteles : “Socrates’ remarks are true”.

Let’s A = ”Socrates’s remarks are true”, B = ”Plato’s remarks are true” and C = “Aristote-
les’s remarks are true”. Then we define I's = {(A°%, ~B'), (BY, =-C1), (C?, A!)} as a set of pair-
sentence formulas. Since we have X? = {4, B,C}, X! = {A,-B,~C} and X = Sub(X")/Sub(
X9 = {=B,=C}, so It = Prim(X) = 0. If we define 65 : TVrh x Irs U {e} — TVps™' where



Table 1: Truth transition table of I'3

TVE, | Al | Bi | ¢ | Ai+ def _pi | git1 & i | i1 et 4 TVRiH!
vy 1] 111 0 0 1 vy
V2 11110 0 1 1 Us
U3 1101 1 0 1 U3
Vg 110710 1 1 1 U1
Vs 0] 1|1 0 0 0 vg
V6 0 1 0 0 1 0 V6
(%4 0 0 1 1 0 0 V4
Ug 0] 0710 1 1 0 V2

Figure 2: Boolean transition figure of drs

€ is an empty input, and let’s TVrs = {v(A) x v(B) x v(C);v : Sub(X®) N Sub(X') — {0,1}} =
{Ula V2, ... 7’08}7 00 € TVFB and F' = {’Ug, Uﬁ} c TVI‘Ba then we get My = <TV1"33 II‘Sa Uov 5F37 F>
as a finite automaton generated from I's (see Table 1).

Example 3.3 (Circular definition in Gupta’s book [3])

c XAV (BA-0))

In this case, we define 'y = {(C?, (A V (B A =C))!)} as a set of pair-sentence formulas. Since we
have X? = {C}, X! = {AV (BA-C)} and X = Sub(X*')/Sub(X°) = {A, B,~C,B A ~C, AV
(B A=C)},s0 Prim(X) = {A, B}. If we define 6r4 : TVr)y, x Ity — TVritt and let’s TVy, =
{v(O);v: Sub(X®) N Sub(X1) — {0,1}} = {v1, v}, Ity = {v(A) x v(B);v : Prim(X) — {0,1}}
={i1,...,is},° € TVpyand F = {vy,v5} C TVry, then we get Mg = (TViy, Iy, 00, 01y, F)
as a finite automaton generated from I'y (see Table 2).

ig,i2/ i1,12,i4/ i3y
NS
i3,i4/
Figure 3: Boolean transition figure of dry
Example 3.4 (Two type of traffic signals with a push button [9])

(a) There exist two type of traffic signals. One signal A is for cars, and the other B with a
push button is for pedestrians.



Table 2: Truth transition table of I'y

Ity | AT | BU | TR, | ¢ | ¢+t Al y (B A-CY) | TVRL!
il 1 1 (% 1 1 U1
1 1 (%] 0 1 U1
’ig 1 0 (% 1 1 (%1
1 0 V2 0 1 (%
i3 0 1 U1 1 0 V2
0 1 V2 0 1 V1
i4 0 0 (% 1 0 Vo
0 0 V2 0 0 U1

(b) If push a button Off, then A turns on Blue light and B on Red light.

(¢) If push a button On at a time t, then A turns on Yellow at t + 1 and also both A on Red
and B on Blue at t + 2.

(d) Moreover, att+ 3 keep the previous state (both A on Red and B on Blue). And at t+4,
both signals A and B return to the inital state (both A on Blue and B on Red).

(e) While A turns on Yellow or Red, it is invalid to push the button.

We will show the time table of each signal A and B (see Table 3). From this table, we need
the following sets I, D and O to define the sequential machine.

Table 3: Time table of each signal A and B

t t+1 t+2 t+3 t+4
Time 1 2 3 4 5 6
Buttom Off On - - --
Signal A | Blue | Blue | Yellow | Red | Red | Blue
Signal B | Red Red Red Blue| Blue | Red
State dp dp d3 dgq

Let I = {Off,On} = {0, 1} be a set of input push button states, D = {d, ds, ds,ds} = {00, 01,
11,10} a set of signal states and O = {Blue, Yellow, Red} = {00,01,11(10)} a set of output sig-
nals. Here each binary numeral is a coding of each element in sets. Next we define the state
transition function § and the signal output function A of Signal A based on Table 3 as follows:

Table 4: Binary coding of transition, output and Boolean function tables (Signal A)

& D A D
d1 (00) | d2 (01) | d3 (11)|d4 (10) d1 (00) | d2 (01) | d3 (11) | d4(10)
. Off (0)| d1 (00) |d3 (11) | d4 (10) | d1 (00) . Off (0)| BI(00) | Ye (01)| Re (11)| Re (10)
On (1)|d2 (01) |d3 (11) |d4 (10) |d1 (00) On (1)| BI(00) |Ye (01) |Re (11) |Re (10)

From Table 4, we can define every output formulas By, By, D1, Do by using input formulas
C, Ay, Ay as follows:
By = (—\A1 /\AQ/\_‘C)\/(Al /\AQ/\_‘C)\/(_‘Al/\AQ/\C)\/(Al /\AQ/\C)



C | A1l A2 Bl | B2 D] | D2
olo|ol@nlo| ool ol@®
offl 0 | 0 | 1@ 1| 1@ 0] 1](Ye
01| 1@ 1]|0]|@plt|1]|Re
01| o0]@pl o] o|@lt| o] ®e
1o o|@ylol| 1]|@)| o] ol@®y
onl 110 1]@|1 | 1]@|o]1](e
11| 1@ 1 ]o|l@pl 1] 1]Re
11| o0|@plolold)| 1] 0]Re

= (mA1 ANAg) V (A1 A Ag) = As.

By = (—|A1 A Ag /\—‘O) \Y (—'Al /\“AQ/\C)\/ (ﬁAl A Ag /\C) = (“Al A As /\—‘O) \Y (—'Al /\C)
D1 = (AL A Ag A =C)V (AL A=As A—C) V (A1 A A A C)V (A; A =43 A C)
= (Al A Ag) V (Al AN ﬁAg) = Al
Dy = (_\Al/\AQ/\_‘C)\/(Al /\AQ/\“C)\/(_‘Al /\AQ/\C)\/(Al /\AQ/\C)
= (mA1 ANAg) V(A1 AN Ag) = Ay
I (0]
—C D1
Mg D2
Al Bj
A2 B2

i} |

Figure 4: Sequential machine generated ftom I's (Signal A)

I's

We define I's = {(AY, Ad), (A9, (A1 A Aa A =C) V (=A; AC))H)} as a set of pair-sentence
formulas. Since we have X0 = {A;, Ao}, X! = {As, (A1 A A3 A=C)V (w41 AC)} and X =
Sub(X')/Sub(X?) = {C,~A;,~C,~A; A Ay,...}, so Prim(X) = {C}. If we define or5 : TV
xIpt — TVt andlet’s TVrg = {v(A1) x v(Az);v : Sub(X?) N Sub(X') — {0,1}} = {v1(ds)
,v2(dy),v3(da),v4(d1)}, Irs = {v(C);v : Prim(X) — {1,0}} = {i1(On), iy (Off)}, O = {v(D;)x
v(Dg);v : {D1, Dy} — {0,1}} = {00(Blue), 01(Yellow), 11(Red), 10(Red)}, v° € TVr5 and Arj
:TVpé X Irg — O" then we get Mg = (T'Vrs, Irs, 0,0°,0r5, Ars) as a sequential machine
generated from I's (see Table 5).

i1/(0,0)-12/(0,0)

ii1/(1,1),1i2/(1,1) i2/(0,0)

v4

i1/(0,0)

i1/(0,1),i2/(0,1)

Figure 5: Boolean transition figure of drs (Signal A)



Table 5: Truth transition table of I's (Signal A)

Ik |t | Tvpl | Al | AL | A AL | Al | TvET! | Di | D
h | 1] o |11 1 0 Vs 1] 1
1| w | 1]0 0 0 vy 1] o0
1 (%] 0 1 1 1 (%1 0 1
1| w | 0]o0 0 1 Vs 0] o0
iz 0 U1 1 1 1 0 (%] 1 1
0| v | 1|0 0 0 vy 1] 0
0 ws | 0] 1 1 1 v 0|1
0| wg | 0] 0 0 0 vy 00

where we assume that A5 def (mAL A AL A -CY) V(=AY A CY) and every output formulas are

dﬁf At and D} def AL,

4 3-valued Lukasiewicz logic on PSC

Let L3 =< FOR3,—3,/M3,V3,—3,=3, L, N, T > be a sentential language constructed from sen-
tential variables, constants 1 (strictly false), T(strictly true) and N(possible) by means of
Lukasiewicz connectives: —3 (L-negation), —3 (L-implication), As (E-conjunction), Vs (L-
disjunction) and =3 (L-equivalence). FORj is a set of all formulas of £3. Here each connective
is defined by the following truth tables [10]:

Table 6: Truth table of each connective in L3

A | A -3 0 12] 1 V3l 0| 12] 1
0 1 01 ] 1 |1 00121
2] 12 120120 1 |1 12 (12 12] 1
1 0 10121 11 1|1
A3 012 ] 1 =0 12] 1
0(0]0 |0 01 [12] 0
1210 |12 |12 12 (12 1 |12
10|12 |1 10|12 1

Where A3 = (Asz,~3,N3,Us, D3,0,{0,1/2,1}) is the well-known Ls-algebra and D3 = {1}
a designated subset of Ag, then the pair M3 = (A3, Dg3) is the Lukasiewicz’s 3-valued model.
For any formula A € FORj3 is true in M3 model under the assumption of X C FORg,
M3, X = A in symbol, if for every assignment h : FOR3 — As, h(X) C D3 implies h(A) =1,
where h(L) =0,h(N) =1/2 and h(T) = 1. Moreover,
def
h(—3A) = (1 = h(A))
h(A =5 B) < min{1,1 — h(A) + h(B)}
def
h(AV3 B) = ((h(A) —3 h(B)) =3 h(B)) = maxz{h(A),h(B)}
h(A A3 B) 2 —3(~3A V3 —3B) = min{h(A), h(B)}

To interpret the tautology set of L3 on PSC logic, we define the truth assignment v, : FOR3 —
{0,1} such that for any algebraic assignment h: FORs — As, v,(A) def h(—3(A —3 34)).



This means that for any formula A € FORg3, v,(A) =1 if h(A) = 1 and otherwise, v, (A4) = 0.
Then we can define the Lukasiewicz’s 3-valued logic on PSC as follows:
Let Lp =< FORp,—,A\,V,—,((-), (1), T,L > be a PSC language, where

~AE (A g )

A—>Bd§f(A—>3 (A =3 B))

AV B Y ((A—;3 B) =3 B)

ANBYE —3(—3A V3 3B)

(4,B) € (A =3 B) A3 (B —3 A)) = (A =3 B)
Every connectives {—, A,V,—,((-), (-))} are classical and have one of two truth values (T,L).
Also in this case, a pair-sentence connective ((-), (-)) is an identity, so v,((4,B)) =1 if

h(A)=h(B) and otherwise, v,((4, B)) = 0 (see Table 6 and 7).

Table 7: Truth table of each connective in Lp

A | 3A | mA=(A—>3 3A)
0 1 1 =min{l, 1-0+1}
172 12 1 =min{l, 1-1/2+1/2}
1 0 0 =min{l, 1-14+0}

A |B |A—>3B |A->B=(A—>3(A—>3B)) | AVvB=((A—3B)—>3B)
0 (0 1 1 0

0 [12] 1 1 1/2 (0)
0|1 1 1 1
1721 0| 12 1 1/2 (0)
121121 1 1 1/2 (0)
12| 1 1 1 1
110 0 0 1

1| 12] 112 1/2 (0) 1
1|1 1 1 1
A|B |—=3A| —3B| —3Av3—3B AAB = —3(—3A v3 —3B)
00 1 1 1 0

0 | 12| 1 1/2 1 0
0|1 1 0 1 0
1210 12] 1 1 0
12120 12 12 1/2 1/2 (0)
172 1|12 0 1/2 1/2 (0)
10| 0 1 1 0
1|12 0 1/2 1/2 1/2 (0)
1|1 0 0 0 1

Here if we interpret the Lukasiewicz’s connectives {—3,—3} by —34 def (4,-(4,A4)) and

A—3 B def (AN B,A) on PSC logic, then we can get the 2-valued (classical) system PSC



with T's = {(—34, (4,-(A, A))), (A —3 B,(ANA B, A))} as a set of pair-sentence formulas, and
which has the same tautology set as Lukasiewicz’s 3-valued logic (see Table 8 and Figure 6).

Table 8: Interpretation of each Lukasiewicz’s connective in £p

! = ) ! = )

Al=mal @aa] —aa | @ —aay AlB [ A5 | AnB | (asB A)
0ol 1 1 0 1 olo] 1 0 1
2] 1 1 0 (12,0) (=1/2) o 12| 1 0 1
1] o 1 0 0 ol1] 1 0 1
ol 12 0 (12,0) (=1/2)
AR 12 1
] o 12 I
1ol o 0 0
IR 12| a,12) =0
R 1 1
1={0,1/2, 1} A DI-A 0=1{0,1}
———B D) = A—B
PSC D3=AvVB
Dy=AAB
(—aA)° (A, ~(A, A))°
T (A-3B)? (AxB, A)? T
T'g

Figure 6: 2-valued (classical) system of Lukasiewicz’s 3-valued logic on PSC

where D; déf (A —3 ﬁgA), Do déf (A —3 (A —3 B))7 Dg déf ((A —3 B) —3 B) and

Dy % —5(m3AV —3B).

5 Conclusion

In this paper we have defined a sequential machine Mg = (T'V¢, I+, O,v°, 6r, A\r) and also a
finite automaton M 4 = (T'Vr, It,v°, 6r, F) by using PSC system with I as a finite set of pair-
sentence formulas. Here I' = {(AY, Bi), (49, Bd),..., (A%, BL )} is a finite set of pair-sentence
formulas, X© = {A;, Ag, ..., Ay} and X = {By, Ba, ..., B} are sets of all formulas appeared
in the first stage 0 and the second stage 1, respectively. Moreover, TVp = {IIJ2,v(A7); A7 €
(Sub(XY) N Sub(X1))} is a set of all truth value assignment products where Sub(X?) a set of
all subformulas of each element of X* (i € {0,1}), Ir = {II}_,v(C7); C7 € Prim(X)} a set of
all input truth value assignment products where X = Sub(X')/Sub(X") a subtraction of each
Sub(X") and Prim(X) a set of all primitive formulas of X, O = {Il,_;v(D?); DI € Y'} a set
of all output truth value assignment products where Y a set of all output formulas, v € TVt
an initial truth value assignment product, o : TV x In' — TVp™ ! a truth value assignment
transition function, Ar : TVpi X I[‘i — O' a truth value assignment output function and F' a
set of all final(accepted) truth value assignment.



We have also explained some concrete examples of I':
'y = {(A° AY)} : The principle of identity “A is A”

Iy = {(A% =AY} : A simple Liar sentence

3 ={(A° =B),(B°, -C"), (C° Al)} : Dialogue for Socrates, Plato and Aristoteles

Iy ={(C%(AV (BA-C)H} : Circular definition in Gupta’s book [3]

s ={(B°CY,(C° ((w—AA-BAC)V(AA-B)))} : Two type of traffic signals with a
push button [9]. Finally we have constructed the 2-valued classical system of Lukasiewicz’s
3-valued logic on PSC with I's = {(—34, (4, (A4, A))), (A —3 B, (AN B, A))} as a set of pair-
sentence formulas, and which has the same tautology set as Lukasiewicz’s 3-valued logic.
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Mathematical Model of Plant Leaf Area Growth

Kenji Shirai' Yoshinori Amano?®

Abstract
In this paper, we introduce a mathematical model of plant growth, from the seedling to shipping of the
adult plant. Our model has three parts. The first analyzes plant growth, the second models the fertilizer
supply system, and the third identifies an optimal control strategy by matching the control system to the
growth density. The mathematical model was defined using bilinear partial differential equations, but
these were replaced by a strictly linear model.

Keyword: plant leaf, bilinear partial differential equations, strict linear model, optimal control

1 Introduction

Previous studies have attempted to develop a mathematical model of plant leaf growth[1, 2]. In particular,
attention has focused on the relationship between growth and light intensity. In the field of physiological
ecology, “growth analysis” involves several different measures, including the relative growth rate (RGR)
and leaf area ratio (LAR). In a series of classical studies, Blackman et al. investigated the relationship
between light intensity and plant growth and established relationships between the net assimilation rate
(NAR), LAR, and RGR, and light intensity[3]. The essence of growth analysis is to understand the
factors that produce differences in growth rates. Many factors cause the differences and identifying
the exact factor that has caused the difference in each individual case is challenging. Factors such as
photosynthesis and respiration are often analyzed, but these may not necessarily be the main causes
of the differences. Bottom-up approaches examine each factor, one at a time, to clarify the role each
plays in the growth rate. Growth analysis, in contrast, is a top-down method in which the growth rate is
factorized. Growth rate analysis is rather a mathematical problem, but it is also an easy-to-understand
theoretical framework that intuitively understands how plants grow.

In this paper, we report our mathematical modeling of the growth process, from seedling to shipping.
Our proposed model has three parts. The first models the growth period (model 1), the second models the
fertilizer supply system (model 2), and the third yields an optimal control strategy, in which the growth
density is replaced by a control system. When plants are cultivated under LED lamps, the optimal input
control uses a bang?bang-type feedback control in each time period. By controlling the optical power
during the growth stage in the growth cycle, the harvest can be maximized. A rigorous linearization
model is needed in such growth models.

2 Physical model of plant growth

2.1 Leaf growth

Figure 1 shows the processes by which plants absorb nutrients and trap energy from sunlight. Figure 2
shows the growth process from seedling to shipping. The labels 1, 2, and 3 denote the inputs at seeding,
the seedling growth period, and shipping of growing plants, respectively.

Kleiber " s law describes the growth of animals and plants based on the observation that there is a
scaling relationship between the size of a body or organ and its structure or function[5]:

E=k-M" 2.1)

where, k denotes a proportionality constant and b denotes a small plants as b = 1, a large plant as b =3 /4.
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This relationship has been established for single-celled organisms, thermo-controlled animals, and
homeothermic animals, with the only difference being the value of the proportionality constant k. Clearly,
it also applies to the human metabolism. In the case of photosynthesizing plants, the relationship between
mass, unit density, and leaf area is given as follows:

p x Vi = M (2.2)
p~M(=F) (2.3)

where, p, Vi, M and F denote a unit density, volume, a mass and a leaf area respectively, that is, the
dynamic model of plant unit density is as follows.

P00 4 9 (400p(0.3) = 010, .

where, o(z,x) denotes a mass increase rate.
Equations (2.2) - (2.4) denote a physical model of plant growth. Therefore, we try to replace this
model with an engineering model.

2.2 Engineering model of plant growth

Figure 1 shows that the plant maintains physical equilibrium by absorbing nutrients and growing. We
define the equilibrium of the potential is as follows:

Definition 2.1 Equilibrium of the potential
K 9w, — w,] = Po (2.5)

where, ¢w,, @n,, Ps and k' denote a transpiration potential, a nutrient absorption potential, a growth
potential and a growth coefficient respectively. ¢w,, ¢n, and Py are derived as follows[2]:

a

ow, == [ rit.x.a)ax 2.6)
on, = / - Keom(t,x)dx (2.7)
Ps =K [9n, — dw,] (2.8)

where, f(t,x,a) and K ,m(t,x) denote a growth function and an energy absorption function respectively.
&E(t,x) and 6,(z,x) denotes the energy release and nutrient absorption respectively in Figure 5. The
energy release between Ax is derived as follows:

AQ = Cy x Py x SfAEAx (2.9)
Nutrient absorption between Ax is derived as follows:
AQ =K, - Ps-Py(0,(t,x) — &(t,x)) At (2.10)
From Equations (2.9) and (2.10), let Az — 0, then we obtain as follows:

d aA
CfXPfXSfé:7Kp-Pf~Ps(9b—§) (2.11)
: : 7 dt L :
where, o, A and L denote a fertilizer efficiency conversion coefficient, an effective reaction area between
fertilizer stirring tank and growing machine and a length of cultivator respectively. Therefore, we obtain
as follows[8]:
dE  IE dE K PaA

5*“’&-@-@(%(%@—5(%@) (2.12)



We obtain the following equation by modifing Equation (2.12):

% 128 PO (g1 ) E(1.0)) = WO B1(0.) ~ £(1.) @.13)

where, P(t) is replaced as follows:

- Kp-Pr- b
P = 2.14)
w() =" (tz“A 2.15)

where, K,,, Py, P, Sy and Cy denote an energy conversion coefficient, LED power density, a radiation
area, a nutrient supply coefficient and a transmission efficiency respectively.
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Figure 1: Leaf growth
Figure 2: Growth process from seedling to shippin

3 Leaf growth period model of plant

Leaf growth period model of plant is derived as follows:

2
aégtj)-l-p(t)aé(t’r) _D8 ggz’ 7) ZW(t){Kcom(f) —kv(t)'é(t,r)} (3.1

at
where, 7 € (0,7), T € (0,L), Keom(t) —ky(¢)& (£, T) denotes the exchange with fertilizer and W (¢) denotes
the power by optical input.

£(1,0) =&%(t) (3.2)
£(0,7) =&,(7) (3.3)

TT\"/ 1—-2—3
l

g
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Table 1: Physical meaning of each symbol

P Supply of water and fertilizer

69y Internal retention amount

0 Supply amount of cultivator

0 Return amount of cultivator

Ly, Pipe length

Vi Tank capacity

Vi Cultivation capacity

S Piping cross section

q Quantity of flow

c Viscosity in piping
E(t,x) | Plant cultivation machine

where, Equations (3.2) and (3.3) denote the initial input (boundary condition) and the initial distribution
(initial condition) respectively.

The relative growth rate (RGR) between times #; and #,, the net assimilation rate (NAR: net assimi-
lation rate ) and leaf area ratio (LAR: leaf area ratio) can be drived as follows[3]:

1 dw lnwz —Inw,

RGR=— —~ —F—— 3.4
wodt t—th 34
1 d 1 —1
NAR — - . 4w Mz — iy (3.5)
u dt Uy —un
1 —1
JAR = 4 w2 T Inwy (3.6)
w Wy — Wi

Here w and u; are the average individual weights at times #; and w», respectively, and u, is the average
leaf area at time #,. When calculating the NAR using Equation (3.5), the increase in leaf area (u) is not
proportional to the weight (w) in the period from #; to f,, and this produces a large error [4]. The RGR is
therefore derived as follows|[1]:

1dwW d(lnW)

RGR >= —— =
< -= W dt dt

The Equation (3.7) is transformed as follows[2]:

[week ™! 3.7

(3.8)

< RGR >=< NAR > - < LAR >= [ldW}x[A}

Adr ] lw
where, W and A denote a solid dry weight and a leaf dry weight respectively.

In mathematical terms, the growth of plants is an affine coupling between photosynthesis and plant
form. The change in weight (growth) is a nonlinear combination of the optical power (which determines
the photosynthetic capacity) and nutrient absorption. The latter reflects the nutrient potential, which de-
pends on the morphology of the plant and the transpiration potential of the leaves. This can be expressed
in strictly linearized terms as follows:

aS(t,7)
ot

where, h[K.om(t),k,(t),S(t,7)] and f(z,7) denote the nutrient absorption function and a discrete input
such as

= h[Keom(), ko (1), 8(2,7)] + f (2, 7) (3.9)

=Y 0i(0)f;(0) (3.10)



In the case of plant cultivation, let T = x. Then, T can be considered as same as a spatial movement
direction x. Therefore, Equation (3.9) can be replaced as follows:

aSétt,x) — W[Keom(1) ko (1), S(2,2)] + f(1,%) 3.11)

£, = L 9,0 £5(0)

4 Plant cultivation model

In Figure 4, the fertilizer supply tank model can be expressed as follows:

de
Vi —i-LbS)PCCT: = {0+ 0¢(t,L) }gpc+ (60 — 6:) Kovppc + P 4.1)

We describe Equation (4.1) for simplicity as follows:

de
d—;’ = h[6y(1)] + kym(r) 4.2)
kym(t) = (6 — 6:(1)) Kovopc + P
where, t > 0.
On the other hand, the plant cultivation model is derived as follows:
d&(1,x) aS(t,x) Ko Ki 1
=W O0p(t) — — 6,(t) — A 43
o AT = WO 00— T ) b () —AE ()} @)

where, A and p denote a cultivator area and a plant unit density respectively. kp and k; denote a growth
coefficient. K.,,; denotes a fertilizer reaction coefficient.
Equation (4.3) can be replaced for simplicity as follows:

J¢ ;zt,x) + q(t)asngx) — KoomW (1)[0y(t) — E(£,)] (4.4)

where, t € (0,T), x € (0,L) and Keom = {Vi, Ly, S, p, K0,A}.
Since Equation (4.4) is the bilinear partial differential equation, the solution is found as follows[6, 7]:

E(t,x) = exp(— /Ot KcomW(G)dG> X {é <O,x— ./th(G)dG> }
+/(:Kc0mW(G)9b(G) X exp(/ocl(wmw(o)d6>do} (4.5)

Then, Equation (4.5) can be modified as follows:

d&(t, KeomW (t
T e CXORNE | @6)
where, &, (x) is the solution of the following equation.
9Sho(x) _
G0 =0 = KeonW (1) [9,,(:) ¢ (r,x)} (4.7)

Equation (4.7) represents the steady growth characteristic. Moreover, Equation (4.7) can be modified as
follows:
9§ (1,x)

9 o 0 D2 10 (1~ [ (o)) 0100} -500.0) @)




Therefore, Equation (4.8) at x = L is derived as follows:

i gt L KeonW (1){ Ro(0)85(1) ~ £(1,L) } 4.9)
where, Ky(7) is derived as follows:
ko(1) = {q;(’))gho(L—/Olq(o)do)} (4.10)

where, Ky(7)6, (1) denotes the supply amount of fertilizer synchronized with steady growth.
Here, we assume &(#)6,(¢) to a constant as follows:

Assumption 4.1
ﬁ'o(t)@b(l) = fi‘o@b “4.11)
Therefore, we obtain as follows:
0&(t,x N
%t ):KcomW(t){KOQb—é(t,L)} (4.12)

Let K.omW (t), which is a forcing term, be a constant (stationary irradiation) for simplicity. Then, Equa-
tion (4.12) is modified as follows:

9EL(t)
at
where, E(7,L) = £.(¢) and By = KW (2).
Assuming that the growth rate is stochasitc due to surrounding influences, the following equation can
be derived as follows:

= ew{fcoeb—&(t)} (4.13)

A& (1) = ew(koeb—gL(t))dz+cdz(t) 4.14)

where, Z(t) denotes a Wiener process.

S Optimal control of general bilinear distributed parameter system

The mathematical model of the first order bilinear distributed parameter system is given as follows:

as as

Fr Jo(t,x,8) + fo(t,x,8)We(t) +fk$ S.1D)

where, (¢,x) € [to,1f] x Q.
The initial and boundary conditions are as follows|[6, 8]:

S(to,x) = So(x) (5.2)
S(t,%)|reaq = Sp(1) (5.3)

where, So(x) and S, () denote each smooth function at x € Q and (z,x) € [to, #/].
We define the evaluation function J to obtain the control function by the gradient method.

Definition 5.1

J= /[f Glt,x,S(t,2)),u(t))| dr (5.4)

Jt xeQ



where, let G(t,x,5(¢,x)),u(t)) be as follows:
G(t,x,8(t,x)),u(t)) = g(t,x,8) + ga(t,x,S)u (5.5)
We formulate the gradient function using the maximum principle of Pontriyagin[7].
Definition 5.2 Gradient function K
K(t,x,8,8:,P,Wq) = P{fo(t,x,S) + fa(t,x,S)We + fi(t,x,5)S} (5.6)
where, (t,x) € [to,tf] x D and Sy = %
P in Equation (5.6) is defined as follows:

Definition 5.3 Function P

OP(1,x) _ OK(1,%,5,50PWa) | 0 [IK(1,x,S,5:, P, Wa)

- _ = 5.7
o1 25 o 25 G-
where, P(t,x) =0, g—f =0and 0D = dD| +dD,.
XE(:)DZ
Then, Hamiltonian H is defined as follows:
Definition 5.4 Hamiltonian H
H=-G —I—/ Kdx (5.8)
anDz D
The necessary condition for being the optimum operation amount Wy, is as follows.
H(t,x,S,8,P,Wy) :‘g/na)ézH(t,x,S’,S_x,P,Wa) (5.9
o€
where, ¢ € [t 1¢].
Then, the gradient function Ay as defined as follows:
Definition 5.5
hy = 22— eaen) +/P(t )V faltx, S)d (5.10)
— = — X X X X .
w aWa 8 ) x€aD, b ) al\ly,A,

where, t € [t|,12] C [to, 1]

The optimal control function can be obtained from the gradient method using Equation (5.10).

As described above, in the case of cultivating plants by light power input by LED, it is understood
that the optimal input for obtaining the desired harvest amount is the Bang-Bang control per period time
t €[0,T], Tr < T. That is, by applying the optical power adapted to the period cycle according to the
above-described control strategy, a desired harvest can be obtained in the final period.

6 Optimal control law by strict linear model approximation

We find the optimal solution using the strict linear model to make the bilinear partial differential equa-
tions easier to handle. We rewrite the leaf growth period model of plant as follows:

2502) vy 1) [k 1) — 10} 6.1)




§(t, zr)
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Figure 6: Optimal and Singular control Figure 7: Continuum approximation
Equation (6.1) is derived at x = L as follows:
dér(t) _ W()A N ! _
dt LicspsSy) {koeb 0=h éL(t)}_ L(cpySy) {go(t) b (t)} ©2
Equation (6.2) is transformed as follows:
d
SO W, 1) [kl k&) |8 0] =W D& O} +E0]  63)
where, the functions W (¢,L), g{&.(¢)} and f{&.(¢)} in Equation (6.3) as follows[6, 7]:
W(t)A
W(t,L)= = 6.4
"0 L(cprSy) v (4
g{8L(t)} = koOy () — ki E(1) (6.5)
1
&l = s b0 -kao)} (6.6)
From Equations (6.3) — (6.6), we obtain as follows:
ACL) _ o (1) + bu(t) ©6.7)

dt



where, Cy(t), m, b, w(t) and W (¢) are as follows:

Cr(t) =kiE(t) —koOy(1) (6.8)
" L(Cfil?fo) i L(Cfsfs 1)? (6.9)
b= L(Cfil)fo) (6.10)

WO= e ey B0 TREO O s 6

W(t) = kpPy ()P - 6.12)

where, &, () satisfy the following equation.

d& (1) - W(Z‘)A B # -
= TepsS)) {k8y (1) —ki&u () }+7 oS (&) -n&mn} (6.13)
From above description, we obtain as follows:
dC;;t) — mCL(I) —I—bu(t) (6.14)

Equation (6.14) denotes the exact linear model exchanged. Then, the optimal input is derived as follow:
Uop () = —kC(t) (6.15)
When the optimal input u,(t) is applied, we obtain as follows:

dCLopl (t )

= (m—K)CL, (1) (6.16)

Therefore, due to the optimal input u,,,(¢) for the mathematical model of plant Leaf area growth , the
mathematical model is represented by the equation (6.16).

7 Results

In this paper, mathematical modeling was applied to plant growth, from the seedling to the shipment of
the adult plant. We observed that it was theoretically possible to derive an optimal control method by
starting with bilinear partial differential equations in the growth period and developing a rigorous linear
model. In future work, we will apply the model to real data, to test the accuracy of the model.
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National Culture Competencies and Foreign Subsidiary Staffing :
A Typology of Boundary Spanners

ORSINI Philippe* - UCHIDA Torut
Abstract

Traditional categorization of foreign subsidiaries' (top) managers has been dominated by the
PCN-HCN (parent country national - host country national, i.e. "expatriate" versus "local")
nationality-based dichotomy. This dichotomy was complemented by the TCN(third country
national).Then, in 1997, appeared the SIE(self-initiated expatriate), as opposed to the OE
(organizational expatriate). Here, the new categorization criteria was the initiator of the
relocation: organization or individual. In this paper we propose a categorization based on a
specific set of skills: national culture competencies. We believe that this typology is more
relevant to understand cultural boundary spanners and their roles, motivations and
performance at multiple hierarchical levels within the subsidiary (as opposed to looking only

at top managers).

Keywords : boundary spanners, cultural competencies, foreign subsidiary staffing,

organizational culture, self-initiated expatriate

Introduction

Traditionally, multinational organizations have been sending “expatriates” (parent country
nationals, PCNs) to staff positions abroad that could not be filled by the “locals” (host
country nationals, HCNs). While organizational culture knowledge is the main relative
competence contributed by traditional expatriates, host country knowledge, including its
language and culture is the main relative competence contributed by local employees. The
expatriate (PCN) contributes an organizational culture knowledge, while the local employee
(HCN) contributes a national culture knowledge.

One reason why the expatriate is relatively abler to understand and assimilate his
organization’s culture is that both the expatriate and the organization were born and grew
in the same (parent) national culture. It is however possible for a host country national to

catch up with the expatriate in his knowledge and experience of the parent country culture,

* Nihon University
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notably by living, and studying or working there. This is the case, for instance, of HCNs who
were previously located in the organization’s parent country, either as a trailing child to
expatriated parents, as foreign student, as an inpatriate (an employee of a multinational
company who is from a foreign country, but has been transferred (most of the time
temporarily) to the headquarters or as self-initiated expatriate (SIE). Conversely, a PCN
who has a similar experience in the host country also grows a bicultural competency. People
born to parents coming each from one of the two countries, parent and host countries, are
also naturally in a position to develop bicultural competencies (note: it is difficult to
categorize them as PCN or HCN). If national culture competency is often related to
citizenship, it is not necessary the case: a person can hold the citizenship of a country while
having almost no knowledge about it (for instance somebody born in a jus soli country but
who grew up in a culturally distant other country). Enculturation, the acquisition of the
language and of the culture of a given country (more exactly a nation, but the two words are
used interchangeably in this paper) can happen early, as a child, or in a later life stage.
Cultural characteristics due to early enculturation have been shown to manifest in behavior
(Caudill and Weinstein, 1969). Late cultural acquisition (note: it is not clear if it still can be
called enculturation) may happen as a teenager (who becomes interested in another culture
and / or its language), as a young adult (who has relocated in a host country to study and / or
work), or even at a more advanced age. The timing of enculturation — early or late — is
assumed to result in a different type of enculturation: while an early timing results in a
“deeper” enculturation, a late timing results in a more “relative” enculturation. Relativeness,
in the case of a late enculturation, is due to the fact that, as a second culture, the host
culture is understood through the prism of the culture(s) acquired earlier. It is also possible
that two (or more) cultures are both acquired at the same timing (usually an early timing, as
for instance in the case mentioned earlier of two parents of different nationalities).

In the following sections, we review the literature on cultural competencies, the literature
on expatriation motivations and adjustment and their consequences on individual and
organizational performance. We conclude with a typology of foreign subsidiaries’ employees
along their national culture competencies that we believe has the potential to explain

motivations, adjustment and performance.
National Culture Competencies
Being familiar with and competent in a set of national cultures is a career competency. Even

if it is not always the case (Brannen et al., 2009), most people have at least been

enculturated in one dominant national culture, their parent country culture. Third-Culture



Kids (Useem and Downie, 1976) are children who have spent years living abroad with their
expatriated parents and have been exposed to a second culture (biculturalism) or to multiple
cultural influences (multiculturalism). Children born from parents of different nationalities
have also been exposed, to varying degrees, to at least two cultures. Hanek et al. (2014; 75)
have shown that “people who first moved to a foreign country at a relatively younger age and
moved to relatively more countries over their lives constituted a distinct subset of
multicultural individuals”, notably because they are, counterintuitively, less culturally
adaptive. In the introduction, we have already discussed the people who have become

involved with a second culture at a later age.

The Relation between National Culture Competencies and Other Competencies

Organizational Culture

An organization’s culture comes from several sources such as its founders, its leaders, its
history, or earlier decisions that lead to impressive results and hence became organizational
values. However, since most organizations have roots in a single country, parent country
national culture competency, at the individual level, can also be understood as a competency
in an organization culture. Furthermore, expatriates who have had assignments in
numerous different countries and have gone back and forth repeatedly to and from the
headquarters may have an understanding of the organization’s culture that differ from the
view of the employees who have spent their all careers at the headquarters or in the parent
country’s sites. Repeat expatriates, those who have been on multiple assignments abroad,
have a view of the organizational culture that is not limited to the viewpoint of its (allegedly)
central node, the headquarters, from where the organization’s culture is supposed to
emanate. Through their assignments abroad, they have witnessed variations in this culture
and are abler to relativize the organizational culture atthe headquarters. A parallel can be
drawn with the knowledge of more than one national culture: it is the knowledge of others

that allow for comparison and, hence, relativizing or metacognition (Chua et al., 2012).

Other Competencies

Beyond these two types of cultural competencies — national and organizational —, employees
are also expected to possess some other competencies such as technical ones (for instance:
functional, industry, technology, etc...) or human and communication skills (for instance:
conscientiousness, leadership, ability to work with a team, etc...). As for the organization
culture competency, these other competencies are however also shaped by national culture:

for instance, marketing and leadership skills are not the same everywhere.



Cultural Competencies and Extant Categorization of Foreign Subsidiary
Employees

Until the 1997 seminal paper by Inkson et al., employees of the foreign subsidiaries of
multinational companies had been classified into three categories: the PCNs, the HCNs, and
the TCNs. However, only the first two categories were at the core of research on
international human resource management. Then, with Inkson et al. (1997) emerged a field
of study focused on the SIEs, expatriates who did not relocate with company sponsorship but
on their own agency. From its inception, this new category, the SIEs, has been a basket of
diverse profiles, from young people with no job when they relocated (the job seekers) to
trailing spouses, officials, or international professionals (with technical expert profiles
resembling those of the TCNs) (Suutari and Brewster, 2000). Among the six subgroups
proposed by Suutari and Brewster (2000), only a small (7%) one, the Localized Professionals,
may have developed host country cultural competencies: the Young Opportunists and the
Job Seekers are too new to the host country to have developed a work-related cultural
competency. The Officials and the Dual Career Couples are expected to be or to follow
traditional expatriates, whose assignments are too short to develop and then make use of a
local competence. Lastly, the International Professionals, sheltered by their technical

expertise, do not need to develop a cultural expertise.

The Consequences of National Competencies

Reasons / Motivations to Relocate

Froese (2012) summarizes the research into motivations to expatriate in three categories:
motivations to expatriate in general, motivations to expatriate specific to the organizational
expatriates, and motivations to expatriate specific to the SIEs. He concludes that the
socio-economic push/pull model might better explain the motivations to relocate abroad.
Factors explaining why people go overseas are at two levels: individual (e.g.: interest in
internationalism and new experiences) and environmental (e.g.: poor employment situations
at home). At the individual level, already acquired cultural competencies (e.g.: language)
may act as push factors to motivate those who have them to relocate in countries where they
can make use of these specific cultural competencies. At the environmental level, we argue
that, rather than considering independently the two countries (parent and host) it would be
more relevant to consider them as pairs. First, the larger the cultural distance between the
two countries is, the more valuable is the potential contribution of the individual with

bicultural competencies, and hence his motivation to relocate. Second, the bilateral relations



(especially the political ones) between the two countries are also expected to influence the
reasons to relocate (both positively or negatively). Third, and it is related to the second point,
the image of the parent country in the host country is also expected to be a source of
motivation. For instance, the inroads made by Korean and Japanese cultures in Asia could
be a positive factor, while the diplomatic tensions between these countries can act as
demotivating factor. Fourth, the number of competitors, that is the number of people with
similar bicultural competencies, is also assumed to be a reason to relocate or to not relocate.
These competitors can be fellow parent country nationals knowledgeable about the host
country, host country nationals with cultural competencies in the parent culture, or people
raised in the two cultures. A fifth factor is the demand for those competencies in the host
country. This can be measured by the stock of direct foreign investments from the parent

country to the host country but it also depends on what are the related activities.

Adjustment and Performance

The performance of a foreign subsidiary’s employee can be measured at the individual level
(adjustment) and at the organizational level. The individual level has been researched and,
unsurprisingly, SIEs have shown higher level of adjustment (Peltokorpi and Froese, 2009).
The organizational level itself can be at the site level, at the country level, at the regional
level, or at the global level. It may be difficult to distinguish between the influence of
cultural competencies and the influence of other competencies on the performance of an
individual, then to evaluate the impact of this person’s performance on the above mentioned
four organizational layers. Cultural competencies, especially bicultural ones, are expected to
have more impact at the site or country level than at the global level. However, the activities
of the focal subsidiary and its role in the global network of its parent organization may be

central to the whole organization’s performance (Birkinshaw and Hood, 1998).

Conclusion

Table 1 highlights the multiple types of employees with high competencies in both parent
and host countries’ cultures: they can be both PCNs (the long term foreign residents,
whatever their status or contract with the organization) and HCNs (knowledgeable of the
parent country culture, either because they studied there or because they worked there).
Traditionally, literature on foreign subsidiary staffing has been attributing a single
nationality to each employee (manager) of a foreign subsidiary. If citizenship may be limited
to a single one by law (as for adults in Japan), nationality, when used to refer to an ethnic

group (people sharing a language and a culture) can be multiple. The same reasoning



applies also to host country companies employing foreign executives, the FELOs (foreign
executives in local organizations) (Arp, 2013).

For boundary spanning roles that do not require technical competencies or work experience,
Suutari and Brewster’s (2000) SIE subgroups of Job Seekers and Young Opportunists could
be the optimal talent pools if they do have bicultural competencies. This is notably the case
of parent country nationals who have been studying in the host country, or, but maybe at a
lesser degree, of parent country nationals who have been studying host country’s language
and culture in their parent country.

Conversely, a job in a foreign subsidiary, even if not necessitating a technical expertise, does
not necessarily require a boundary spanning role. For instance, Furusawa (2017) reports
how Japanese SIEs in China working for Japanese companies are essentially valued
because of their “Japaneseness” (i.e. their parent country cultural competence), this
competency facilitating business relations with other Japanese companies and individuals
also located in China. The host country (China) culture competence of these Japanese SIEs,
that is their familiarity with Chinese language and culture, hence their capacity to bridge
the two cultures, is not much valued. This example is another illustration of the necessity to

pair countries in this line of research.

Table 1: Typology of foreign subsidiary employees along their national culture competencies

Parent Country
Culture Competency
Lo Hi
Host Country
Culture Competency

Localized PCN
(either expatriate or SIE)
Hi HCN

Repatriate HCN

PCN

Lo TCN (traditional short-term expatriate)
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