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1. BU®IC

$%u,ﬁ%mw%ﬁbimmiéKﬁ%%%%ﬁﬁ@ﬁﬁ@@ﬁ%%%ﬁ?%tb@ﬁ
R, 30bb, ANEREBFOLIMKFHERS, bIEFNEEOHE, (clzoHAD
=ox#MELTO o |
Pareto |3 SBRROMAEBBREMTOBRENLEE,ICEH L T, Pareto OREER
LI SEHFERRIAEDPSDTF oY — X BB AREL, Z20ERBEREIGHITAEL
SHRLT, RBEKREBIKEELTIT A% HET 5, DAlembert OJFENES% #H2F
DOREICETY 5 & 510, HRFRNOHRNEEOR—FRBEH SRV TOHEOH
EANDRBEICD B EHIE LI o Pareto D—RIFEHOHWEK S C DFEHCTHE D D - 70
Pareto DIEHEF ST, HEEBEDITE DL AL LTOELEHEERBEELTOIHSL
TRESDTH b, BEFETOHELEEMTIL, HEHENHBNZ EDOTHY, Z0KE
RAEEHOBEERBOITE DV IREE UL ToBEREEN LT, AEERKEDODERY
ZROHBTHIDTH %,
BERAREENIEE (3 LRE) BROETRD LI ILELE NS x:(=1,, n),
a;(i=1,-, m)I3, TNTNREBICAEERTH L, —fRic, (1. 1) O#ETFERZEKS

fi(xl ...... y Kn 3 Qgreeee s am>=0 (Z=1, veey n) (]_1)
FRATHECLEHEZVD, KT UGTERRICLIEBENANE ONARTIEII V. L
LB SRANEERENEZROBME L TERLTERENR xi=x(a,y, , am) MRS

s LTh, AEEBOEICEENEEROBELICOWT, F8bb, 05/0a; o
TMm5z 3T TH DD,

Parsons & BT EOEERICO SICR IO TR, HRFHERLT U bE
& (metric) TRNC EEFOHBICID, BEBRESITOREE -7 UL LIENG,
ZLRBOTCHHEEESHPEETH S LEFBAINRETE S, LT AT, Simon
13 Homans QEMHOBENTERNMARATNEY, 22 TR, KEBHEICL 0T
NTHBED, TOERMBBEK TS - 2D ICMEERIC L 2BEENESN, LK
ZHRHEIELELTOED oo UL LIRS, BRI EF VADILRICEE L T, Simon (34748



176

RUCHHLL, HBHEARSE, ECANEDE OEBNENEY AT AEEELES
TN, GHARIC X 3 SR - SR A RO G MO ¢ S 348510, Blalock &
WO DM ICEB LIRS b, CABDRIEONTREZMATAEN,
S5DBRICDNTIRBICHNDE C LICT %,

BB ER LT L STEO bOTRBD A0 UL, ZRTHESREHR Lo
COMEREAMTOFETH - 120 HEBEE V2T 4 L LTRET S ¢ &2 OBATH
%o Homans BIEHT 3 £ 51c®, BROAEAFETREEICS 5 &5, HEEERC
NETICT 5 bDTHBEEL Do NOEBRELBUOHE, AARKELTTT B
WO Z BT ENTEXEZHDTH %,

2. HOLBEBFEOLEN

BT AHAERAREIECT DO FEL LT HBRBEBEEL Tk, LTAT,
Pareto € JAUTHEFHEBHOMEERERKZORBICOVT, (@) EE LAHLEREOE
HEORH, b) FEROEHOFARORE, (¢ KEROEHORES LUFREOBHR,
DEDBIEHINTN B, EBPUC R CHEEEDH 2R URTTTREZEOHE &
R h, HEPHERRNKT LU GFEHERTERV. 3hbb, LT LEERKTERDOES
LIRBOBNVEEZL D, HEFENEKRORER, (@) ZERE, b) HFERE, () MBERE,
(d) WERE, Z0bDTHDIB205THb. T1, T TERM (qualitative) LW HE
i1, BEEBOENOFHOHFEICODNTDA, THbLE, FAZZREIZONTDADE
HMIETEBETLEVHIERTH A%, COEMNEIVIBERAT LIERAMES TR E
CREAET S, ASENATIBOTIE, BEALERSHEERL T 2BEBI2NT
ODRRABEBLNTORODTH 255, EROFEOHDLSBERMBB ONLLTTHRER
HHEEEZ B, BENICE, MORBECOENAIFBILRINSCEBLETHLC LA
HTH 5,

HEH I HENICEREROERERCHIGT 50 COMSHTRNB AL NEEBICK
S THRICR T EMNTEEL TS, AEEROENMITEZNERBDOEICONTHS
CEMTED, CDTENERLTNADIE, HEENICBROAICENTE 2.O8ILH
BRTHEBCEPSHOMBIIIC, /NI NG HGEOER 2 HFEEDTIRE L, B icER
LotV ATLELTEDZ D, COBAPLTIE, EFKBHNTLELERLNS
SERRENERSS ABRIELL, b BHHIEE > T3 (sometime  true) $DTH
BCEBMELZLI. L3I, THREBERRHEOTEBVTRILTSDENLTH
2, A Boudon DES [HNA V) r—va V] KbBLELETHEY, @ #&E
EBDOECE > TERINIAEEROEA LI BERP S MO L DT, hEHEY
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Tk, @) Y27 aGEEHEELL, b) BEREL SR, (o ZEREE IR,
@) £ LT, WEZED DAEEEADT 4 — KNy s BEELENELT, HEEREE
BT S HORREE LB, chboDRMR, Y27 L0BESE, ()Y R F LD
BRSO O—FHAKIEHERRE, (VAT L SIRNICY 27 APBREEBEYT S C &34
NEZROEEMS, LOIBERTHERL Y AT LREBL > T o
HESEZORANREEL, QBZHNEROBE~ORE, bHLEEOTRICH S ETH
i, BBHESEBOGEL SBRINIBERP DOEBILSVT—2o0FHREE LY
25 LRMOHTH S0 T, HEHENSHE, hORESENIRICBT 2 HkKkEED
IVRRECBONTREZDOTHA I o HERBOFEELTIE, QEE - £46, DES - £4
&, WEB LTINS b0BRENTH A5 chig, (CZBHE, KL b0 RKT
CEBTERD. —BICIR, TNSOFRERRALTAVSNBET ENKRE L, TNHD
WMOKEIL, ZHHEOREERICEOT, EEBERNENEBL OBELB-TNEL
EOREMTHY, EAMBBLONEL L >TNBET &L DEHEINTH 50 LB HEHSIC
BOTHNELER B IUREEROEN LD, EEODEICHIETEbDTHBC & bHED
Thbdo HBRBHEBSMOFEEERNIKER > TN ED13, A—KEDHEKONKT U bEE
W= RTINS L OFERAIDBRNC LI bo TOHED D BENEHBRESENBEL
AR

3. EMIEBHFOHFNHEE

BRic s 7c X D ic Pareto (& D’Alembert DJFRBEOEMIC K » GEEEEY A F ARREB G
SHAERMOEE DL, NEEMICEDL S BEME L STHIONTNE L LOE
BEHICEH Uico Z0#® Samuelson QRIERER, EHOED [HAl ©0Bh oMM
DHEANRBLNABHENSI HDTH - 12"

TRLE, BEORBEHZ B TRROBERERELEINTVEET S, (BH,UT
DERTREMOIDIC, BEBIUVELEEHSEBE IO TVIbDETE T LR

ERUIROBROFIRET S ).

Silxg, oeeee ) K} Oy, veeees , an)=0 (i=1,-, n) 3.1
(3. 1) ZAEER a; KBELTHST %o

ﬁ:gﬁdng+6ﬂ =0 (i=1,-, n) (3.2)

x=1 axk aa]- aa]-
W, O0fi/0xe=fum, 0fi/0a;=h}, Fi:, 75 (fu) OFFHRAE 4 &L, 4 0% k5|
fIk’ fﬂk’ """ ’ f"bk % h}a h?s """ ’ h‘,]L Tﬁ%ﬁikﬁﬂiﬁ% YA &ib?%o)t?éo
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BT, Cramer OIS,

axk _ﬂ kzl,"', n
605]—.A (i:l)"" m) <3'3)
BE5N 5.

2% v ,Samuelson {3, fir, b} DHFBIOVTOHREH» S, 4, 4 OHFEXRFAD ELT
DTHBo LTAN, TNEREHROT —ABETHITRENICRELC Ehbhr b, LU,

—RFRAOHMBICELTATS, K&THIIKIEBEE Cramer DARIC K B EBHE
HICH > TR EBBOEEING, BEBTZOLS THIIE, FBICDHTERILC &
WEZBTH5D, Lancaster BB L7-DR T DATH - 7' Lancaster @FKR—IRF
2 Ax=0 OFERIC OO T (convex cone) DHEEHNWTEELT L L0, H
HHBEBEOT VT ) XaZ2EH Ui, CZTR, 2OEXEBEAGLLIRGE¥aTELIN
BEMN 7 vk LCBENTS, BRNEVFRRCOVWTOREE 2 CTORERDOP» SH
HBLU, ISICHABEINTOEDZDOOTH-TEL I EBKRETHAH. OILLEBN
TOHENEEEZICONTOEBRLHOMICLTYWL &3, 4ADKETORESZEIE
STEERIED—DEEL LD

XC, BHHBEHZORANHFERZ (8.2) TlE, O LARDIETRDLTHBEE L
Ko TTT, dxx, da; ZZNZTH xn, a; OEIREDT,

3 g+ Hotay=0 =1, m) 3.4

1 Oxg
BRIV AERES fu, £ 2H0NE, (3.4) RBKRO LS 1ICiTHAE ANTRDT T &M
T B ’
dry (9
S (3.5)
Fogreoefan B2 2’27; 8
£ 2T Samuelson T2 Ax=b (d=nxn, bx0) Ei13FUELHEREM € &ick
B OMEMNRE LD L, Lancaster T2 4x=0 (d=nx (n+1)) &> FHUGEIL
FEAOMBEICRET S LIEBRTRETES 5. bbBA, —HROTFIAKOLTIHLE
Z2LTWL T E B BEEN S,
XC, Ex1, B840, ¥utz L LTELELL Do C@&%Cﬂb@ﬁsﬁ@&%ﬁcowf
WOWEBE LGNS,
1. hok
G 1+1=1
() 1+0=w
@i 1+z=1
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VW 042=0
W .0+0=0
Vi z+z=z
BRI 37
W 1%1;1
@ 1x0=0
G 1xz=z
VW OXz=z
M 0x0=1

Vi zXz=2
1E, MEBICREOLTNICENTHEDOREOEREELATORRBRLT 50 10
ﬁM)wM,ﬁ%@é@&?d%%K%iTéc&ﬁ?%@%@?&5oﬁEKOmTQﬁ
ﬁﬁ%%hh@,wﬁlﬁ%iUEUwaﬂﬂﬁéémmﬁﬁﬁéo v
meyrw&m,imﬁ%btiﬁmhOiuiﬁzﬁﬁm&abwm,ﬁi@ﬁﬁn
THBELIBDDTHE. EEDPOWSHILLIIC, BITE n RENNS b ViZeET 3"
BEELTO B0 n RN7 FVERE Lo THEOL, 1 AOHEBMEHEICERLTOS S
DETZo Ln NORBOMEEIZ 2* HTH 2. EHRIC z 2T N nREMN7 bvOBR
2 HTHB. ARRONBOHEE LN, 1 AN~ 7 b i3, HRIBAEE—H—ic3
BB ENTED : | :
BN PVORRICOVTHORARICELZCENTE B,

(i) X'X=z or 1

i) X'x=z OL'E, 2O L SR, xX'=(z-2)

(i) - (ax)y=ax"y, X'(ay)=ax’y, aiZ 1, 0, z QLSNP ERDLT,

W xy=yx )

V) X(y+uw)=x'y+xu, (y+u)x=yx+u’x
Xy=w(w=0+1) D& &%,x &y LIZHEEA (potentially orthogonal)Th 3 LEHT 5.2
o, X'y=z DEE, X &Y ERERTBEN D0 —RICEENTNT 2 THIEHNS
P WVPATIRATEY 2 LR 250D 60 TR, BER &V ) BEIZENEL—K
HFEADERICBOTERELELL S50 X% (zvvz) D&%, Xx=1 THb, Thig, BA—
RBAMOEMI N7 b3, BLUTERT BT &R

LTAT, 7D n REWNY b VEEZ D,
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0 0 0 /0 0

(? 0 0 0 1

: A RTINS (3.6)
o/ to/\i]1{i i '

0 v 1 > 0 ) 1 ’ ’ 1

R ED BIEKIC HEET O b D 22— 1 2 TORAEED L7 b0 &——Ic s LT
WEe THRDDL, z AEHRELTATNENNY P VB ZHEETED L &—d—ic i
E¥D Do KL, CCTRERTIEHT n IREHIRZ VOSSO 272 FHL1 >
TR EIEEZI N,

wiZ, (0z0--0) LNSEHNRZ bVEEZLTHES 3.6) KVERBEMRZOERDS
StrboEInid, (0z0------0) i3, %B (010------0) BXT (000------0) O FIcasEh
BB LTATHEMBNS bov (100---0) 3, BH~<Z Pov (011 1) ic 0%
BrboirFEL. ZRIBLTE, FACBLTHRTH . 2hik, —RicHE 1 s
0 CIVER~Z P, 0 ZHYTEAICELTHIENS b MCRESETELS, C
NIZENEFREL—REER 4x=0 228 T 51DOTERTH S (KL, 0=(zz)
EF B

wic, BHARNEZD5 Y 710 TEEL LS. VE, HENTHADRSBRO LS i
BZohTnaEL &S,

4= 1)

ZDEE, TN bv a,=(011), a3=(201) K2 Tid,a, BEBR~NOXBo—E IR
%50 ay IR (001), LT Oag &, (010) KB T 2, T75bb, 4x=0 D THZ
SNTHEMNET—RABRICBOT, X R3KRZ PVTHbo TN, 8,X=2z, D a,X
=z LIEBEM~NY bv X 2EHET ST & Lancaster O Tod ) X AQHLKERTH
Bon WEMNI VOB LIRSIZOLELTEZLIENTES, LBiC, X BEETH
X 0X LN ENPETHS. 2T X BHBLI AERBROLS Kb £ T T, &
TEIKRSBO0 L33 E5IBAICEALTHBRICL TNV S,

£),6).6).0)

TNELEDPSIRIC Py, Py, Py Py 9 hid, a,=(011) {3 Ps izsd IS L, ag=(201) |3 Py,
P KT %0 BEICRUKAABROEENS a; 12 Py NOEM~NZ PVEER LV 12,
a; (3 Py, P, NOBEKINZ FVERERLEBWV. ik, BHEFY Aoy sk s(4) T
KT L&, TN MVOBTEIELE-7RBOK s(A)=3 25/ LEHET B, 2D
X, a; BLU az 3 000) LEEERXENL L, X-T, (000 @E135, (TDEx,
1Y BFERBZEZHEOLTH A )0
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BHET—RFENR 4x=0 85I o5NTED, 4 13 mxn fT7lEdhid, LEDA»S
ok dic, s(A)=22"-1 0L, ZOBYHBRIEMIC—ELEL Do s(4)=
2" 0 &S IIERRBUNOIRE 110, s(4)=2""1—a (a=1) DL &, BOBIT ¢« AT
HBo (2L, z ZAVRICOVTIE, UEERALTS) i, 4 OF~7 rvicBL
THAKICT V7 OBRBARTD 5o UL, TBLUNICET2HENS ¥ 713, HER
52 5NTOABADRFIOS ¥ 7 DES b L b—RK LI SFRIICE 4 25
THAN7 bv ar CEERTIENRI PNVOEETIRBLUANOEKBEZHELTTC &
WWE L. _

T, » KENTHKODOTEITBRIURIIDS v oz sFh 20 L13250% EZ
bo FIZIF, 4 IROEHTI P 2EZ 5B,

() a=(1919)
z i ; zl z 002
001z )
Aﬁi@iémﬁi%ﬂk&%,P%Eﬁ%%ﬁfwﬂ=giég)&%%T%éocw
K30, Fvoh 2t LIRBAMAH P TEABLUEINC L 2 I BEET 2 bOEAL
BLEIck-THA A OEF (FbL < RADANBEL) 21154 5. <0 P ORMEEE
CTENRIEEEZI 0. P REWIESIAATS 30 210, A OEABSC DL 15 P
X BBIEANATS, A DB Y 7 1Bk 1000 | ' '
S5ic, i G) OBEEFES LN E&ICR, G, i) RN, MO AR N
1, %7, ZOMORAH 2 LB LS55 n WEKHF R 27 (B) b SBIHE I,

P LR QUALDEICE-T 4 AEHLTHEONIENREIA—Db0OTH B0 Th
SOEWATLT, VAT AOEANEERSSC ESTE B0 SMNIT. RIX H=X
AP BE > TOTOR—ENRBEONIEAND I EREGHEERENDDTH S &
Exbo RIZAM~NY bv a; ZFEAICEALUNT 0a: (ac OFSEHERLI-HD) IKEX
BHDTHBo

LT BT, AR mxnfTHE L, ZDEi T2 b radc BT aytz, aw=z(3F<TDkk))
LTBE, ADFY IR T B, &oT, HAOEEND, 4x=0 BR%E bl
(HBRAER o COBE, B i ABIVCE J AABKRLE 4X=0 2RFE L. 20
Ex x=z0 T, AR (=X (=1) fAIEB->TBW, COMER, 4 D5HET
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RHEOHBIC b DRMBECLEZEBELTE & 20 MM EMICER T 2 HEORRSE
FLVCEREIETHRE,

ZZ T, Lancaster 7T Y X2k EDHTEETE, 0E, (3.5) RNOELDTY]
2, ROXHINBBEEBZL KL Do

0= —
MAT ((z) ! i) (f:f:‘b, iiﬂ) neg (1 0 8)

e MAT MAT 2 REI®IbD%h NEG &L Xie TORICDOTORFENHBIEBEEIC
Wtz FERIC, (3.6) RAEEZ 2, 4x=0 T, X° BMEDE X 0X° SETHBET LD,
n REBROXDSDEROEREEZEZ NE Lot TORBEDOHIH (00--0) 25 (0!
------ 1) 3TObDEEZD, chid (8.6) RicHEd 50 thAEROLD KEELESE
ETHEL:-SDIR LIST L Xidnb, bbb, MAT XU NEG OEFTXI b VicD
WT, SV IAREZELIEEXDLIICEZB L LICIZE, MAT ¢ (011) ® 77131,
(201) 12, (001) BXU NEG T (210) D2 TH 5,

LIST
000
001 (MAT 277H &)
010 (NEG 2f7H &Xi)
011 (MAT 1778 &35)

LIST B30 &> it52 5053, TR, B-7000 BRETH B, THbLL, ZOXIHIEY
25 LTI, BERBZLTRA—FRIENLT S, BHENIC—BHNTHECL BTV I3
THBTEPSPLELTH B,

4. HHREHFEOHEM

YZFLOExDENUNEOREODD—2DFEE UTOBENREHEZOMAIC 2
TEZTHID, ZNiCiE, TSN TS Homans DEFEHO Simon (€ L 3 ER
WAEPIE LTEZEDONEETH B, 22 TR, REERELT, I =mREMOBAIER
ok, F=RAEMoREkoKkE, A=KHBRRICLIEHORE, BIU, SMEEK
LLT, E=ATBREICXVETREECONIEHE, O4EBDL SV AT AMERIN S,
Simon {2, YA FLDITHBROLICEDLEINEBDE LT

I=f(4, F) (4. 1)

AT e, F) (4.2)

J%L=¢(A,F;E)> l (4.3)
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L&V BBRETHICLART, (WD) ROEKRT 2 L A3, HEMHAORER, BHE
EHIEHOKEDEKTH B EART, Homans OEIETIE, 4 43 F OEDEIZ,
I DEOENE BT 5T o Simon i3, (4 1)~(4.3) ROMHAMENERNTRA T B0
- Coleman {3, THA¥EMICHSD UMEMLLLY, WbEr, SBKOICAEERZEZREALT
NWBZ EREDLDIRIBN®, ZRicknid, EEOERIEZ, KOLHicEbE 3,
s0; >0 4.4

(4.2) EBFLIEOKER, HEEROBKED, FAEOBKEICS IO LWKED LD
EEERL, CORBEBHAZETIODTHICEERL TS, #E-T, IROBRMNIS

og . Og

Ehd, £, AR, (4.3) R, BEHER, BELHEOKESEHEORKEICSLIDL
WKERDI ED L& FRTEC L, BIUNED L DEFIC X BEHKERTIKED FO & X
BATELOIMEICEBELTO S, hbROES BRI, '

oy
274 <0 (4.6)

HEGEEICOVLTE, (42) REERTH 3,
EC, (A1) 13 (4.2) KRALTRDEHICET T EMTE B,

v y. 0¥v,.
aF>0’W>O’

A — o4, F), F) =(4,F) .7
COLE, WA LTRAEE S0
dg . of 0g . Of . 98 ym_
\o5 o) 44+ (555 +5E) F=0 (4.8)
T,
o6 _ 04 of . 0
oF = o5 oF T oF (4.10)

(4.10) KOAFE1L, Coleman DEIRIC Lhid, KE7 F eonTiRAESNE™, i,
FronwTo—BoMMEDERETHICEREIZTTHRNESL D F0#, /NI F
IZ2WNTIR, 09/0F>0 Lz MO ELEL T D, ULl, R TORINHRTH S
Simon DEFMICBVO TR CDRIDPNTHT L EEHINT NI, 72k, 04/0F<0
EFTHCEE, ¢ KHLT F OBLORBITHRR, [ AEHETIMESRLD S, L
HOEBEDROIBKENESARTLETHH S,

ULORRERBELT, SBBREDH L0 EH~OEN E OB >TY 27 LRI
b5 INBE(ICDNT, BEHEREFFLEMOTERETES &Lz,

G, VAT LANEEREBIS S DDERET S, CD& &, RAMBEIUT %,
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$(4,Fy=0 (4. 1D
V(A F ; E)=0 (4.12)
WAL T 5 EREANE SN B,
9 0
7£%dA-+7ﬁF¢F_0 (4.13)
oy oy 0V yr_
oida + 28 + Y ap—g (4.14)

W->T, TCTOEHMBEHFZOWE LR IBEYFERR, KOXHicEbE 5.
04 04 a4 0

84 OF . (4. 15)
oy oy oy

04 OF OE |\dE 0

Bfonl, BMEEHEZEE2TES LR, “15) RoLELOTFIOENEEZF 5L
LIRET Do TNH, ROFETRDLEINZTIIEEET LT LK 5o

.Y (4.16)
TERTOmM<, 0% z, =20, +%2 1 FEbT LU IORBRDIIICRDLTCENTE S,
G ?j) (4.17)

4 17) RTROLINZBENTIOEN S ¥ 71}, 2TH5hoEHEBEHYOME, 227~
2=2 @EAL, (000), (001) k735,

ik, 4 & F ZEICRA—FEIICENSL TS EBHET 2. LT, TOEEHHAD
THOT, (@) E& ABXU F BRREA—FMcE(T B8 —v&, b E L 4 BXUF
BEHHRCENT B ENI 42—V, OTZOBEEL TN 5, :

Simon i€ X A #HNA BV TOHEBE EF NV TOENLESYXORENFTER, E ORL
Wk ->T, fifg v=0 BEAFICETHTEETH -1 2CHhOESNIFRI,
[E DRDTBLE, ABIU F OBEKENRLT S]] Thoto LTHT, BNLER
EhoBoNIERICEINE, cofBIcEST I MBEORME, TENELTEEE, 4
BLUF BEMTZ] L0565 —20MBENEONTN 5,

T, —ARMENKICIZFERECTHEI—2OMELERE-TLE DA I Do T
NILDNT, ROFREEETE 2, © F1RKELE L TOMIE v=0 OFFIRDORZE LD
REMBBHT L OHATRE P> &, @ HBOFTBHOREOARHEI S, @ ik ¢=0
DAREALDIRECEBLHE RSROEE, Thb, CNLDRERDTVICHRNSDTH 72
CEREHIETTHRE ‘

7l A HHHOBDIULBEZANRELTDH, MEREROTOENKERSEZCARET S
CERABETH » 1o UL, MHERICKZHEILS A Y v MBFEHET A EbEHLTE
ARETH Do MENIKRKBIEENS 2D TH D, BaLHS, BHLEHETRE, ¥
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AT AMBHTHLEASOEPICRCOBERHE DEDIL, Simon BAHEE,L LD
BEEH~OEHDRD EEFDOHBEIC DN TEETE0DIE, KEEEZBELIIHLSTH B,
733, Simon |3 Festinger O/MEFRICEVN T HRBBERLRA T B, chiz, £
B ToRROME D, £FHOEENE C, D2 20NEEHE, EFCBETIHEFA
DEEER , 0D 1 DONEEBIP LB Y R T AICRET 5. McWhinney (2 Zhud
CNRRDEDIICEDEINDED, BB, RFIUZERTRES Lt LE2EDT,
ﬁ:p(n,a, C) I'p<0, I'r<0, I'¢<0 (4.18)

ng,ﬁ(n R) Hp<0, Ho<0, Hp<0 (4. 19)

BEHEEYLE DY RF LB LTI AR, (001), (010, (011)Y HEELTELN
b0 ZOTEDERLTVAZ &I, Simon SBEEL T2 & S WENILHEENIFIC
BOTOSHEBRZODOTOBRSI LB OSWNWET—BRATHENRESARILC EARL

T, LY, ROFTIANDBEBEDERTDF v I/ B2 THNEHRI Bk s L
BRERBOEREETENETHA I,

I's TI'c Iz

(HD Hg Hg)
M, MOPONENTHETHEES, T/ 42 OBIIC kb BBEREFNIRNZY
RFNCTEERLTNBEEZ Bo

5. & ¥ U

BRICHELCERL T3 08r SEEETR S £DO—D20 ks LTOEN HEREE
DOHEFNES, BENEE, TOoRAZMLMRFELERTE . EHIDLEDEY
A 708 ODELTUDEREEDLOUT EPSBHASLR I, TNSOHEL LM
SDORESFEHIERBBLUABTNEE S0, HNEIEL2EROBHASHERLDT
B, DUAEBARECZEETHELELL ). COBKTENUBHENETILLE
250 E72, MORM» ST, EHURKEKSZ ENWIEERELRETCLRTELL, €O
HTHOFEERIE S, Coser BPHEIKIEH LXK DI, £ 7 MY, BEUEZICHELPT
DERICIE, COX) BIHEHORBBRITHEEELEL). ULhL, HOFERKALNS
OB V=T 4 VEBIKBVWE L EORETRETHHH™, Coser MR L &
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ON THE SOCIOLOGICAL SIGNIFICANCE OF
QUALITATIVE COMPARATIVE STATICS

Yukio SHIRAKURA

It is well known that Pareto’s sociology is characterized by the conception of social
system. Pareto analyzed society as a system of mutually interdepending social phenomena,
utilizing the mechanical model which gave one a clear and precise conception of social
équilibrium. * In analytical mechanics, dynamics can be reduced to a problem of statics
by D’Alembert’s principle. Pareto considered that a similar principle could be applied
to social systems. In ecomomics, it is called “comparative statics”. Certainly, the late Parsons
was-aware that dynamic analysis of reciprocal ihterdependence was of methodological im-
portance in sociology. Parsons proposed structural-functional analysis since sociological
variables were often absent from metric. But, as an approach to the complicated social
process, there can be qualitative comparative statics placing primary emphasis on the
analysis of mutual interactions among sociological variables.

The main purpose of this paper is to examine the sociological significance of qualitative
comparative statics, to overview mathematical structure of it and to investigate Simon’s
formalization of small group theories.

In comparative statics one generally uses the fundamental theorem of implicit
function. For theoretical purpose, a social system consists of endogeneous and exogen-
eous variables, which are subject to an equilibrium condition. Even when the system of
differential equations cannot be solved explicitly by elementary functions, certain pro-
perties of the functional relationship among sociological variables are attainable for us.
This means two points ; one is the formulation of the system as a set of propositions,
and another is the understanding of the system as a black box, which is lack of feed-
back to exogeneous variables. To add to these properties, deduction in comparative statics
is different from that in so-called element-set approach or set-family of sets approach,
since the former is deduction from a set of propositions of the same level.

Given the relevant first derivatives, qualitative comparative statics clarifies the directions
of the changes in the endogeneous variables in the system from those of the exogeneous
ones. Accordingly, qualitative comparative statics problems are reduced to the sign
pattern rather than the magnitudes of the solution vector of the system of homogeneous
linear eqations : AX=0 (A is the nX(n+1) matrix), where vector X is called qualitative
in the sense that X is made up of the signs of the changes in the variables, and A consists

of n qualitative row vectors whose elements are the signs of the relevant first derivatives.
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Qualitative rank of (n-+1)-vector is defined as the numbers of interior of orthonants
in (n+1)-space. Qualitative rank of A, that is, s(A) is defined similarly by the row
vectors of A. The vector is identified with the vector of the opposite sign. Then, the
maximum of s(A) is at most 2%, The rank s(A) is useful to examine the number of
solutions. If s(A) =27—1, an unique solution exists. If s(A)=2" the system has no
solution or is degenerate.

Simon’s mathematical formulations of Homans’ and Festinger’s small group theories are
re-examined in terms of qualitative comparative statics. In non-linear systems, Simon used
“phase diagram”. His approach is the first approximation based on the assumption that “the
shape of the curve is unchanged”, but it is not always the case. Put a little differently,
this assumption means that the shift in a exogeneous variable operates on the. endogen-
eous variables in the limited way. Thus, “phase diagram” approach may often lead to
wrong conclusions in this respect. Qualitative comparative statics is free from such con-
straint. Moreover, Simon’si-analysis is vulnerable to measurement.

. Finally, qualitaﬁve comparative statics is useful in sociology and mathematically relevant

to convex theory, especially to cone theory.



