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Example (% B#{ Nominal Number, |[EF# (F%0) Ordinal Number)
BB BIad5NIL - W SEB
EF#L K/ANBSRDMREIRE - 1 L, 2 fiI
LBEHEVCIEFHDESLETE. Z2H5ZH “+" OBEEHNERINERL,
Example (BERRDFZXET )LL)
PILD=L1LEKILZ T2U) TH 2L ICIR7ES5E,

BESETO 29, EVWSEBH. BEPEERZCHIZ + O
MEEBT & BRERU,
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BIZEIBSH Measurement Theory

Outline

© AIEIES® Measurement Theory
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BIZEIBSH Measurement Theory

BIE Measurement & HE S58 Ordinary Language

—MRICRIZIBSRICH (T DEHIIBES B PER intuition DESHIRXE
T TZ0OFXRFR) KRIDEFRL, [7]

Example (R Temperature)

BRTRERUSNDDE. BELWEVWESSOMEDAD K DELDE L
S1EE. TNULDEENXREEDRD S EETYEZTERD(IS
N,

Example (E¥)F0V85E)

A 8] (&, VERFPEEMERLEEHE LT, "EYLPY, KRZR
IBELTWVD, BA AEDHLEHHBED M55t E2<E85,
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AITE & 385w

LU RIEEWAIEHSS (SRR DENBFCEL L (BFEIC)
FESNBXSCHFHO TSNS,

Example (BADZE(CE (F DHEIHEE Absolute Temperature)

o HEXPRE (L. BRKARDIRREEARXD &K SBR—EDYIRERINE
UK BHECKRIBTEDLSICEER=NT,

o BHRDRELEDI(C, IEXTEENSIHITRENE, VIBEDER
DEABELIEC EITER,

o IRFETH., BEDARETI(E. s|IEHmEMTEREINMEAIND, D
0. ARICIHUT. @—DYEEDESILHRERLR > THEBHLIRL,

Example (55t & EIHEABY periodical IRR)

PR IERICAMZLTC Z ED DD > TV SYIRIRRZFAET
% (e.g. RFEE)o
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irement Theory

JE(‘:?EEEF"?@_ Representation Problem

BIEIESM measurement theory[4] Tl

AIEE (F. BRISNBIERICT LT, CNaRKIR represent H LK (X
{R7F preserve T DHEZEID LTI &,

B LOBEPERRZREIT DREDE D BTHDOEFED+7FENE
(C5 U ENI axioms EEIR) ZIREITREIRBEZRIBEIEE LD,

o —fZIC. BIREDBARIBFEHET. NS B/EWERZTEEELS
T2 THRIES (F D 1EEZ N IB{E axiomatization &LV D,

o AIFEHBICHWVWTRUIZWSHIIKIZTER representation theoremo
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BIZEIBSH Measurement Theory

Definition (FF& SN 22 Admissible Transformation)
HEREOERODFIET, BRVEEDREFMRIEND K SBREH,

Definition (588 Statement DA RIKME Meaningfulness)

BIEREZ S ATESHA statement HANEEREK meaningful TH S & (&,
HOERMERDHBTSINIRBAICKI > TEI LBV ETH D,

ol

Definition (—=& 4= Uniqueness Problem)

RO—MREDFVFESNIEBREREI DI Eo
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Measurement Theory

AROVIRE Scale DIEXR

REOSAT |  HFBENZEHR | 7 |
fext o(z) ==z (RS
absolute 1B%F identity 22
S d(x) = ar,a >0 B8, 56,
ratio B similarity i X RE
B d(x)=ax+ p,a>0 BEEENA cardinal utility,
interval WEDT7 T« Y affine B2 &, CERRE
(=12 BB FBEZNA ordinal utility
ordinal monotone increasing
%8 —XF—XF I S (BREIO%BE
nominal one to one
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JIEIRSR Measuremen

I\smsR R E

o NEUK ) HERET DRIEHSSIIES - RAlC K> THED 5N
%, AT, B - ARIFAERBZANTESNDT —Y(CK
DT@DEénét-—%DO Z DIEREVGEEFIAR (VDS U TR
TEDN?

o ZEDEFPIVELRDH DN T, iR & AIES DRRIT THEIKE
WEBAINBNIE, BRCRALABTEBRRM T TLR—FEX,
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BT Preference &FHUENA Ordinal Utility

Outline

© E!F Preference & FEENA Ordinal Utility
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BT Preference &FHUENA Ordinal Utility

B3{& Relation

Definition (B8{R)
B A, A, EOBMR R &0 RC xI A,

Definition (ZJBRE8{% Binary Relation)

£8 A LOZIERRE R C A2

(z,y) ER DEE, zRy EBFRELL. "2 & y (& R THRDIFSN
TW3,) &FD,
" IBRERDMEKIR representation:

o ZRT¥BLEDI ST

o B[ > 7 directed graph DEEHEITS! adjacency matrix
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BT Preference &FHUENA Ordinal Utility

(30973 “IEEIROMEE [3)

[R5 reflexive iff Va € A, aRa

FERET irreflexive iff Ya € A, =(aRa)

XJFR symmetric iff Va,b € A,aRb = bRa

FEXIFR asymmetric iff Va,b € A, =(aRb A bRa)

[RFSFR antisymmetric iff Ya,b € A, (aRb AbRa) = a =b
H#EFZ transitive iff Va,b,c € A, (aRb A bRc) = aRc

Sefis (G&#E) complete (connected) iff Va,b € A,aRbV bRa
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BT Preference &FHUENA Ordinal Utility

—IERARDEHI

AZANDESELK D,
eac AN be ADITEE TFER, EVWSOD(E, A EDZIERR,
FE,) (IR ZE/ZIB, eg FBW
o A FOZIERHRTH D "TR&E) BRIE. WIMREEELZT (EWS
BDICHERUEER) M. HBRBIIB LI,

Q. —R—ZHNP—REZEHNZERELVLTRRL T BEZRANTHK

2!
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BT Preference &FHUENA Ordinal Utility

—IRERDES - EIERSR

Definition ([EMBRESf% Equivalence Relation)

& A EDOZIEREFR = H\EERRTH D iff
= HREY. Win, #HEBRZERIEIT,

Example

FSER =" HRIEREFRO—E
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BT Preference &FHUENA Ordinal Utility

—IRERDES - IBFEER

Definition (/B Partial Order)

B A LOZIBERER > HHIBFBERTH B iff
> R, RN, #HEBZEBEI,

Definition (£ll8F (#RFZIERFE) Total Order (Linear Order))
TR ¥IEFERERIER (REIER) WS,

Example (R ODESE R LODIEF)
EHDES R LOBEDIERF > F£IEF

KRR BRENEFRERICEA—DES > ZRLNSDTER.
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BT Preference &FHUENA Ordinal Utility

*)EF DB - BIEIER Product Order

[EEFZEZF welfare economics TRERIRRE social state DFHEDICALNS
N3FHEXRNRIEFERICERBIERELH D,

Definition (B#&/EF Product Order)

RN _EDTIBERAR > NERIEFETH S iff Yo,y € RY

x>y Vie N,z >y

er>ysr>yYNr £y
er>ysVie N,z >y

Q. BHiEIEF > B HIBFEFRTHD I EZMHEE L,
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BT Preference &FHUENA Ordinal Utility

(Pareto) %4 Efficiency

HIBFRERICBEVWTIE. RATHFELRBV &AL, DI,
BATCICDWTEZ D ENEFRE EDZB U,
BIEIEFDIRATT(E (Pareto) ZIEBITHBD EWL D,

Definition ((Pareto) %hZ8)

zeSCRV M

(59 weakly) Pareto ZHERE iff -y € S,y > =
58 strongly Pareto ZIEM iff -3y € S,y > =
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BT Preference &FHUENA Ordinal Utility

S IREYZEYLF Rational Preference

Ta DY 0 BLEICEFR UL &WS ZBIFBEGR preference relation % a 17 b
T&KRI,

Definition (55IBf% Weak Order)
ZIBRIR = on A HFBIBFETH D iff = HelEtE & HBRERET,

EIFBARNGINEE weak order DNIBETG T &=, BRBFFAZBTEE
89 rational THDEWLDS,

EESDEWVITER !
*EF >
BlEF -
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BT Preference &FHUENA Ordinal Utility

SSIR7BIRD A D7 %

S8R Strict component a = b < a 5 bA (b a)
EERIAS Indifference component z ~y & a ZbAb S a

= HhEEBNLRS (S :
@ -Un~=A>Nn~=0
o - [FFIERFIEY. FEXFREVTHEZHY
o ~ (IENERSFR

o Vr,y,ze X[z -y~z=1x> 7]
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BT Preference &FHUENA Ordinal Utility

sslRfs & FIEF

BIRFEREMRE. BEWCEERRBERZREBRATIREDHDILICKD,
HRIZIER EEHIEER—RTE 5,

—ARIC (FEERZ LEBEARTREC K DERTER
DED. —MRICEFFIEFZBIEFICR—RTETR,

Q. R LOBREIEFICHEWT,
Vo, y € R,z ~y < &y LEERATI AL

EEERBR ~ ZERIDIENTERL (DD, EERIBROHK
BYMBZ/ILSRWN) &z, EEREIT TR,
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BT Preference &FHUENA Ordinal Utility

HPIEEE L TOEIRM%

o WFHNLEEMR) stable THD

o WFHDNEBESM internal consistency Ziim/cd (BHNDERH
BENTHD)

o FHIEBERARAEZHOEMN (HELERE. BB, = KON
Blc—RRICIEHIFENARL)

o BIEM £ MMt (RBRECELIEETHNE. BEICETD)
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BT Preference &FHUENA Ordinal Utility

EEFHNSEEEBIEIRVSESICEZSNDIRE :

o THLZHEMBITHENAE - e.g. EENRFVIN—DVDFEIC
KD FYIN=2 ITOZERKRE S UDLENRE

o ZHLEHLIVFVINEEH - e.g. #REHD allocation D

o JIL—T DAL (e.g. 7 EAME corporate actor)

o XBITERWIEDHADE RESEMED—E) [5)

o JL—IV IR framing effect [6]

o FEMBWBREICKDERETEZDIFHDEIL —eg. PE
addiction[2]
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BT Preference &FHUENA Ordinal Utility

EABOGEM - EERRIRE (C X DHRIEF

Q. ZHUR majority voting (FEBHNBEDERREFEN ?

IIVMREBIE (TITech) RITE - B4F - BEA Rational Choice 3 23 / 29



BT Preference &FHUENA Ordinal Utility

EABOGEM - EERRIRE (C X DHRIEF

Q. ZHUR majority voting (FEEBNLBEARBREFEN ?

Example (Y RILED/NS kw D R Condorcet's Paradox)

SADEEE {1,2,3} KZENZNLTTREINDZF =, (i =1,2,3)
Z A={a,bc} EICKHDET D,

Q@a-1b=1¢
Q@bscsa
Q@ c-3a>3b
ZBECRICK > TRED "ER098YIF social preference; Z= - EHL< &
a>-bDDb-chDc>a

K2 T. z [FEBRER/ICIIRL,
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BT Preference &FHUENA Ordinal Utility

HBNEIRIBIRE 70— Arrow DFEIE

Condorcet M/\S Ry O 2%Z—MRIEL LT, Arrow (& (18 TBEAREIR
&K0D) T&8EBM, /\L— ;EERHDDEREMN democratic BRIREHIE (X
FELRW (E—D/L — MR EIBIVIREZRIE (SIREH]
dictatorship TH D)) CEZHALEE, (/—RNILBREZEZERHOD
—ZR)

FEKHDAE. LUTDOF—D—KRZFHADDICEBHDTHARTHSELS |

o HtRBNEIRIEFH social choice theory
o HREHRIH social welfare function
o 7O—DFEIE Arrow's theorem[1]
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BT Preference &FHUENA Ordinal Utility

FENA Ordinal Utility & 3R3R Representation

Definition (k33 Representation)
BN u: A — R DNEFEMR Z on A ZFRIRI D iff o,y € A

2y e u(z) > u(y)

A={z,y,2} ETDo 2=y =2 1BS(E. A v AR %Z
u(z) = 3,u(y) = 2,u(z) =1 EEDNIER, v [F. = ZKRIRT D,
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BT Preference &FHUENA Ordinal Utility

FEBNRE & SRR

—DODREFER £ ZRBI DFEAE. —BHICEEXRSEL,

Proposition

SHFRRE w HHEWFRIR — Z2RIRT D =
Vo : R — R BB monotone increasing B, o ou (& - ZRIRT Do

Example (5EDBIDHEE)
o(a) =a®> EEDDE. goulz)=9,00u(y) =4,00u(z) =1 ERD,
S, - ZRIBLTWS,

ZDZEDSEDDBEIIC. u FIEFBEROSDIERERSE. EE
HRRESFBIRZHFLLN, e, WALBEHEIR.
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BT Preference &FHUENA Ordinal Utility

RIZOJREE

Theorem (FRIZOJRETH)
BIFERDEIENTH D EEDH. FERABH TRIRUETH D,

Proposition

BIRERES X NARLBSE. IRNTOESEBNASEITFREHRIEFERIA
B#(C K> TRRUBETH Do

Q. INZARLTHLS |
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BT Preference &FHUENA Ordinal Utility

EIRERZEAER DIHE DRITOTEEE

ERRERRZEE L TE. £2TOERBNEFBFRNFHEMAICE S
THRIRAAEE LS DIFTERRL,
Definition (X&f5t4 Continuity)

X EDOZIEEAR R HYEHE TH B iff upper contour set {x € X|zRy} &
lower contour set {z € X|yRx} HNEHICEAEETHD

Proposition

INT D& CEEIRRFERE. EhRAREM TRIRIETH
Do

Example (F¥Z2ERF)

0,1] x [0,1] LOFERIEF TRSNDBIFBEFRERBE T I2FEH
BEEUSTEE LR,
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