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Savage, Leonard Jimmie, The Foundations of
Statistics, Wiley, New York, 1954 (Second Re-
vised Edition, Dover, New York, 1972)
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2. [pERiER] ORRAOEE
§5.50BHDE®., 2 VE2ZH D H83HIC
P TOERELZFIC ERTH 5,

Allusion was made in the penultimate para-
graph of 825 to the practical necessity of
confining attention to, or isolating, relatively
simple situations in almost all applications of
the theory of decision developed in this book.
As was mentioned there, I find it difficult to
say with any completeness how such isolated
situations are actually arrived at and justified.
The purpose of the present section is to take
some steps toward the solution of that prob-
lem or, at any rate, to set the problem forth
as clearly as I can. This section, though im-
portant for a critical evaluation of the‘ thesis
of this book, is not essential to a casual read-

ing.

ZITERENTVE §2.50B%E LT &
Bl OEPSLITHICPITORETH Y,
FITH Y VRIE, Al SREELEZS
ETAERIC, HERERL WA LIEBEL W
DER, Lirl B HETE [HR] %
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TEpER ] OWB L PHMICERMET 57201013
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3. HEOUBOAEDLBEHBNT 31—
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Making an extreme idealization, which has in
principle guided the whole argument of this

book thus far, a person has only one decision
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to make in his whole life. He must, namely,
decide how to live, and this he might in prin-
ciple do once and for all. Though many, like
myself, have found the concept of overall de-
cision stimulating, it is certainly highly unre-
alistic and in many contexts unwieldy. 7 Any
claim to realism made by this book—or in-
deed by almost any theory of personal deci-
sion of which I know—is predicated on the
idea that some of the individual decison situ-
ations into which actual people tend to subdi-
vide the single grand decision do recapitulate
in microcosm the mechanism of the idealized
grand decision. One application of the theory
of utility to overall decisions has, however,
been attempted by Milton Friedman in [F11].

ZCTERHOXDOEKREIZIIWiley iR T O
ERE2TENTBY, ThEBILEXRTH A,

T Unrealistic though the concept is, it would
be a mistake, arising out of elliptical presenta-
tion, to suppose that the concept predicates
the choice of a complete lifelong policy by
new-born babies. If a person ever reached
such a level of maturity as to be able to
make a lifelong choice for his life from that
time on, he would then become a person to

whom the concept could be literally applied.

ST [z 41l, an extreme idealiza-
tion] &\ ) BESENTWAEA, hig, [T#
DAY A5, DBOBHDO NEIZBWTETT
529053 H50HFDREE, HOARKDIL
Bk [72ii—20] RE~LHe LR{T]
v, [Fo@A) 2k 2 EANEE LR
ELTWAERBELZDTHD, 20 [MEE] 0&
Wi, T#ofAN] &, BF0ODEOANEDSE
B LT, BITRE [L2—20] g%
BOoNsBEOTHE, BT VRIE, 20
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Friedman, Milton
[F11] “Choice, chance, and personal distri-
bution of income,” Journal of Political Econ-

omy, 61(1953), 277-290.
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The problem of this section is to say as
clearly as possible what constitutes a satisfac-
tory isolated decision situation. The general
method of attack I propose to follow, for want
of a better one, is to talk in terms of the
grand situation—tongue in cheek—and in
those terms to analyse and discuss isolated
decision situations. I hope you will be able to

agree, as the discussion proceeds, that I do
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not lean too heavily on the concept of the

grand decision situation.

[Z0% | TowRzE, 2F ) [ b hrz]
WE b ARRE, [FOEAl BEHIC
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5050 FETHEDTH L, it B, tongue
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4. JonesEK D]
§5.5D83E D HUB P TOEERF] <
ERTH D,

Consider a simple example. Jones is faced
with the decision whether to buy a certain se-
dan for a thousand dollars, a certain convert-
ible also for a thousand dollars, or to buy
neither and continue carless. The simplest
analysis, and the one generally assumed, is
that Jones is deciding between three definite
and sure enjoyments, that of the sedan,the
convertible,or the thousand dollars. Chance
and uncertainty are considered to have noth-
ing to do with the situation. This simple
analysis may well be appropriate in some
contexts; however, it is not difficult to recog-

nize that Jones must in fact take account of

17(369)

many uncertain future possibilities in actually
making his choice. The relative fragility of
the convertible will be compensated only if
Jones’s hope to arrange a long vacation in a
warm and scenic part of the country actually
materializes; Jones would not buy a car at all
if he thought it likely that he would immedi-
ately be faced by a financial emergency aris-
ing out of the ‘sickness of himself or of some
member of his family; he would be glad to
put the money into a car, or almost any du-
rable goods, if he feared extensive inflation.
This brings out the fact that what are often
thought of as consequences (that is,sure expe-
riences of the deciding person) in isolated de-
cision situations typically are in reality highly
uncertain. Indeed, in the final analysis, a con-
sequence is an idealization that can perhaps
never be well approximated. I therefore sug-
gest that we must expect acts with actually
uncertain consequences to play the role of
sure consequences in typical isolated decision

situations.

Y2 VREESPHEE LT 5B E R
AEPRENERZ LI ELT, R LI[E
WMl ThHahd Ll vw—onfdBELETO
THb, DF D, JonesKiz4d [Z2DH] T
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=74 T7NV], FLT [#D1,000FV]
LWV ZODFEENT [Hhd v, sure] -
YVaf AV TOBT, REETIZLELRD
EVIBDTHB, COLX) LoWERIcEh
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Bl ORBERLZENLDTH S,
CORDEE, 2F D 855,44, 0°"FHD
BRERBICEXRTH B,

49—4

Suppose now, to elaborate the example, that
Jones is presented with a choice between
tickets in several different lotteries such that,
whichever he chooses and whatever tickets
are drawn, he will win either nothing, the se-
dan, the convertible, or a thousand dollars.
None of these four consequences—not even
“nothing”™—is actually a sure consequence in
the strict sense, as I think you will now un-
derstand. I propose to analyse Jones’s present
decision situation in terms of a “small world.”
The more colloquial Greek word, microcosm,
will be reserved for a special kind of small
world to be described later. To describe the
state of the small world is to say which prize
is associated with each of the tickets offered
to Jones. The small-world acts actually avail-
able to Jones are acceptance of one or an-
other of the tickets. The generic small-world
act is an arbitrary function taking as its value
one of the four small-world consequences ac-

cording to which small-world state obtains.

Jones DB DB HFEDIBEAL 2 EZTAHSL
DTHb, 2FNEIE, W2PDRE 572K
Ll BBV 2hDFry SO THO—D
DEREFITITIBIDHDLDETEHDOTH 5,
LHd, ERE0Frv b2z LD, F72
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5. [KH#R] & [h& itf ]
§5.5,4, D=FHOEEZFIC L RTH
%o

It will be noticed that the small-world states
are in fact events in the grand world, that in-
deed they constitute a partition of the grand
world. If there are an infinite number of small-
world states, as indeed there must be, if the
small world is to satisfy the postulates P1-7,
then the partition in question becomes an infi-
nite partition. T These considerations lead to
the following technical definitions.

2 ZTEH DX DORE ICWiley iR T OB
DBOFHNTVAEY, ThEFIKLRTH S,

T Technical note: It is mathematically more
general and elegant not to insist that the
small world have states at all, but rather to
speak of a special class of events as small-
world events. This class should be closed un-
der complements and finite unions. In short,
the small-world events, and thereby the small
world itself, constitute a Boolean subalgebra
of the Boolean algebra of the grand-world

events. -

2T [#RHER, the grand world| &
WO RBAPTTWAEY, [MEA] BECOAE
DERRERMTH—DDREEZEET LA
12, TOREDRFEFTIO [FR] £4s
DIPZHBERIZLES [RE] oemhs® [k
R Zochy), ZhidvbiE, Al 12
EoTD [FEESHEOHRE] LThwnIxE}
DEDTHbB, BB, VT VROV ADS
TR, MEFETIREE] L1k, EdARD[HE
&1, 2% [KitFR] co [EH| THsi
T, Eho/AMERE REE] & TRiER] @
FEE Lo TVBETEDOTH S, T4 [E
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Bl #HOBTBREEFENICESTHS X9
Thb, LoL, MW [IKEE] 2FbLT
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BRMEFR] CBWIHEENE LI T 2T
RoOEREY, LVHAZRRTERELLZ L
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ZORDETE, 2F DUEDPHSEICHITT
DEEETICLRTH 5,

Let the grand world S be, as always, a set
with elements s, s', ---. The grand-world con-
sequences F may as well be taken to be a
bounded set of real numbers. The “grand—
world acts are then real-valued functions f, g,
h, .. The preference ordering between acts
is determined by the condition that f<g if and
only if

(1) EE—g<O,

where the expected value indicated in (1) is
derived from a probability measure P charac-
teristic of the grand world or, to be more ex-
act, of the person’s attitude toward the grand

world.

TITHY VR, AR LI, [RHEFR,
grand world] &\ BELMEEL L TERIC
BATLZRTHRDOTHE, LI LI, [4F
THEoCER LI, as always] E W) BV
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A, 78] tRUgiZHLTEHELOHEEE
[Bl&%Ka| itk WBohs [174] OfF
ANHHIFEIBELTCHEOL LI, F2%20
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REPP4 5 [HE] KHTH0200E
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DREERT (FRINERNZ) RN, I2E
TCHBETH D LBERTWED, §I8, &
OPH [RIEFR] xt$2 [Zo@Al OBE
REMOTLIETHLILEEEL TV,
DFENF T VRONIBEEETLHR) T,
[ ] » TRIER] I [B85]) oTiR%L,
HFTH TAER] Wid s [Fo@A] ©
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ICIIMEE ENEDTH 5,
ZhickECER%E, 2% 0 85.5,8, 0 "FH
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DEFEZTICERTH 5,

The construction of a small world S from
the grand world § begins with the partition
of S into subsets, or small-world states 5, 5,

(not necessarily finite in number).
Throughout this technical discussion, it will
be necessary to bear in mind certain double
interpretations such as that 5 is both an ele-
ment of § and a subset of S. Strictly speak-
ing, a small-world event B in S is a collec-
tion of subsets of § and not itself a subset of
S. However,the union of all the elements of
E, regarded as subsets of §, is an event in
S; call it [B.

SZTH T VR, B [NE R
EEVK B 2EME, [KER] oS5EL2ME
T, FVHALRKERTHILI L3 284%
WBOLDTH 5B, MEFH [REE] DLhrsd
AR TRER] T 2E8BHE RS
BWHE 20T TTHE, 22T/
SRS ABRT AR, [RER] % 4
s CEPRETHY, 2o [FE] ok
HiZ MR o [REE] LXighsz
ERb, BBFY 2 VRIE, MMERERRICS
B§B%eicid, TRHER] Toxfisd 5Kt
BB E 25 e, [NEhEER]
AL L TWAIEALEERRLTVAED
THb, FlzIE, MR NRE] oedz [/
SRR LIV, ThESEERLEY, A
R [REE] 254 LEELYTHbITT
bHbo B, /MMEFRE IR X [/NS 2R
DEFETH D LI TR OWHTEAETD
b liE, REICBVWTBLRETHL, T
7z, MERE TEL| LEISOWMSEESOI L
THoHH, T, SOWTEE (0% h kit
By [FER)) »okbd, EAETHY, 20
MERE) [BR] 2SS ORRTEE L 7 AR
CEERBVDED, FNEESGKEEATED
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EBEEEZ DL, FREISORSESLLZHD
Thb, BBY YL VKIE, BEIMEREY [H
R THIGE, THICETARIRYES ]
DETHEHEE[BIERILLTVRED, Z0k
ST, MMERE [FHS] CdFhicERIC
AT BREFRHFELRIPEELDITTH S,
T, PMERE [FR] 25 BHTE] &4,
FRICET 5 KRN [F5] ®BHTLEW
HZETHY, THiE, FoOMEREY [He ]
CEHRIIEET 2 KR [F5] »8H8T2
ZEITEDR S Ry,

ChICHSBE, 2% §5.5,85, D0 3FH
DEERTICERTH S,

The small world, as I mean to define it, is
determined not only by the definition of a
state, but also by the definition of small-world
consequences. A small-world consequence is a
grand-world act. A set F of grand-world acts,
regarded as small-world consequences, is thus
part of the definition of any given small
world. It will be mathematically simplest, and
cost little if anything in insight, to suppose
that the elements of F are finite in number.
They will be denoted f, 5, Z,

the small-world consequence f is recognized

; and, when

as a grand-world act, f(s) will denote the
grand-world consequence of f at the grand-

world state s.

YT 2 VR AL PHERERTHZ LD
ELTWE [ASHIER] &v )R, M
BB [IREE| 2FEET A2 L2 T2 0OME
PERLZOTHY, SOHI/NMERN THE] %
[ TH5ZLVUELOTHE, LIAT
T VRO ST E, DT R
DBOBORZKETRE [175] THHITTH
b, 2%y, SMMERE [ERE] o&ELid, /A
HRE [#ER] THEEALENBIIE 72\
KOBPDOREFRY [178] O&hkiTh b,
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DFD, TxA—<NZiE, WOorhORERY
(78] ok bETRVWEAFAIRELT,
INER/NMEFRE [HE] okl [LR] 2&
L, TOEFRE/NMERE ER] & [L&]
DTHb, ¥V VRIZZDF2FRESE L
THYHS 2L L LTWBD, Z2ThE7,
BEMN MR L)) LRLTCWEERE, TE
BRR Y BEMEITCh b 6T, RALME
ZTCHEL) ETHHOMBEIHNL TN B, &
B, MAEW [HR] BfrriETRshs e
LTwads, The kbR [17h] & LTH
BT, FNHD 0 FIREOKRIL,
DF AW ERI I, (RIFR [IREE]
SICRLT) REBVISFHLEEINEZDT
b, [NERER] #HBEIIHZ LI LTS
DR bIE, whiX [Wie% [E] o2kl T
BFR o0& L ERBERELZDEL VI DO
T2 VROERNEE LD TH 5,

EHWZDRDEERTI

A small-world act f is, of course, a function

from small-world states § to small-world con-
sequences f In this isolated technical discus-
sion, we will hobble along with the notations
F(5) for the small-world consequence attached
to 5§ by f, and f(s; 5) for the grand-world
consequence attached to s by f(5) recognized
as a grand-world act. Each small-world act f
gives rise to a unique grand-world act f, de-
fined thus:

@) fo)=o fls55 (D),

where 5(s) means that small-world state 5§ of

which the grand-world state s is an element.

ZT/AMERK (T4l © TEH] FSHEE
T BAV7ER, AR IREE ] I/AMESE TS
B iS58/ MR [1748] & X
RZElTEDTHE, T/ TVRIE, /A

BRE L] 2 f R ERL, MRITR
B ST AZ20MEEFE)ERLTVS, &
ZTFGE) RN TRl Th Y, Fhid
KR (78] Tdd b, 1505, ZO/MER
B [478] Dk ic [(RKRoifrhl, oF
DRERE [178] T P EHRTRE
Thb, 4, MR [fTh] t09526N0T
W3 et b, FREEOKERY [RAE] sic
MLT,FNEEREL L TE/MEFRHNIRE]
Bl —ofFET A, 2% ) I hidshEH
TAHEIGERT 2 /MEFRBRE |2 0 7275,
ZO/MMERE TR 256) ERELTB L,
THEMMRY R FGOEFEELIL
LB, THWEKESRE [1748] THhH, K
#RE DREE] sioxt LORIERD R fG
() ) ER}EEELEHTHL, 2FYID
3L T, MREIsICHLTTERIFG6))
(s) X0 & & 5 KR 78] 25, MER
B f7A] TALBERCHFEINLIEERS
DTHb, ZDFEIND [174] % F LKL
T5E, Lo [E#] OLD0R2QBHE) Z &
b, BBYFT2VRE, FGG)) DI &
(s EREBLTW A, flo)iF, KR
B TIREE] s2SBA T A58, AERE 17
Bl EERRT 2 AN 25805 [8
BRI \TED %S v,

INICECB®E, DZ D3HDPLIHEIINT
TOEE=ZFIL LRTH S,

The distinction between f and f, like some
other distinctions I have thought it worth
while to make in the present complicated con-
text, is perhaps pedantic. At any rate, it is to
be understood as part of the definition of a
small world that f<§ if and only if f< g,
that is, in view of (1), if and only if
E® < E(®). In this connection, it is useful to
note that

(3) E(?)=E>:FE G FG6N=0P (FF(s))=k)
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=2E k| FG () =k)P (F(5(s))=k).

NEFRE (178 T 2B T 5 KR
B TEl te2RTH2 813, RIZLAE
B [MEA] @ T20f7h] 2REL LT
EDTHbERL, EHIbRF VT 47 TiEhn
DOPEBDLNDZ PO L2V, oRBEOR
RlEdtic, ZoXE, 28R @ [k
BHR] »PoOBEEE ) ZOME 2 2 TR
WICBWTIT) MEsH 2 L, Y VRIR
HLTWEDTHL, EHWERTTVR
&, JMERE T1TE] ofo [MEA] OFEFIE
IES BREFW [178] o [MEA] OB
LoT[BEIZNIERETHY, ZD[EHE]
B AERER] o [B%] o—8ThsEE
EBTEDTH B, o THEDLH»FLTIIE,
MEA] CEoCEFDORIFE gL TTHAB L
&, MEAl K-> TEiDRBIFIIgUTTHB
EWVWHZETHD, R, MMEFRE [EF]
RiEFE [EF] OFFITIC FEoTH Y=Y
Rofliaco [REFRKY %] BANHREED
FHTID) ABDTHbE, 2B LEORQ)NL, /A
WHRE (178] ¥b57:6% [l \IEE LA
A0, [REERKZ] BANHFECHT 55
AN ETHEIREDDTH B,
ChICHRCE%,, 20 §5.58,02%H
DEEZTILLERTH S,

It may be advantageous to review (3),and
thereby the whole technical definition of a
small world, in terms of an example. A small-
world acttypified by the purchace of a lottery
ticket, amounts to accepting the consequences
of one of several ordinary grand-world acts
according to which element of a partition does
in fact obtain. For example, the participant in
a lottery may drive away a car, lead away a
goat, face a firing squad, or remain in the

status quo, according to terms of the Iottery

23(375)

and according to which ticket he has in fact
drawn. Letting the example of the lottery
stand for the general situation, the expected
utility of a lottery ticket can be computed by .
the partition formula (3.5.3) from the condi-
tional expectation associated with each ticket,
which is what (3) does.

DFD, RALPOBNIL o TRIIRLTH
LZRQEFRL TAHSLZ EMELTIA R W EY Y
tVRIRERTHDOTH S, FlziE, /MERE
(781 1%, % [{ Ul oFry r2BAT
50Ttk o THREIMICEEINRS DS,
D [f7wn] %, 20 [{ L] OBAZETH S
MEAN] %%, Co/MMEFE TIRE] 2ERICE
HT2218toC, (20 [l D [E] 2
Lo THBEN TV ARIERE [175] b7
59) KR HR] 25l&%F0s2L L
HEZEEEBELTVLIDTHL, ZZTID
[Ktlix, 20 BN ERBEDFIF v+
0k, FLTIO (KLl BFOHEY
Frh2b0E0OPIHE->T, 20 [EAAMN]
DNEIPPLBEIEERLDTHY, ZD[ K
Ll ~D&mE vy [f7v] L 2o 1] 28
b2o9/MEFRR [FR] L LT [E] &2,
I TRHoTH, 20 [MEA] DAL
DIEBI 2B HEE S 25TDTH 5,
2T, [l oFry MzBT A [HEAL
W&o TOERFIAIR, &F 7y PNEKTD
WTwa (MEALl @) &0 & Mtk Er S5
BHTEDZ0THY, 20 LxREIYT- T
LT THAB, BBV T VK, §3.5,45,
OREB)E LTHRENTWS [HEAR, par-
tition formula] 75 Z OE AR A AFHE
TEBLLEFRLTWAED, ¥ T2 VERIERL
TV GEIARNEHERICETHI0THY,
ZZTORBILIZELLDDTH 5,

IR CEERTILERTH 5,

It may fairly be said that a lottery prize is
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not an act, but rather the opportunity to
choose from a number of acts. Thus a cash
prize puts its possessor in a position to
choose among many purchases he could not
otherwise afford. I believe that analysis to be
more nearly correct, but it is more compli-
cated; and, if one thinks of each set of acts
made available by a lottery prize as repre-
sented by a best act of that set, the more
complicated analysis seems superfluous, at

least in a first attack.

BRCEBELLEY I, Y2 VRE, [ U
OBl 3En [ L] Wrhrbd [BEAl ©
KRR 175 28BTH55D0THLEER
TWEDTHDB, LPL, 20 [E] Lwrd
D% BEZL->TEDPEYSZVRL L
V) W oD [1Th] »POBIRETH 200
=00 [B&] LARTR)P-IHEETES
DTHY, —RTHEZH6DI) PHEEOR
RICLYVEFEVERDLNERL LAGZVWDTH
Bo BlZIL, ) OEOHEPL LD [E]
i, ThEEELLEY, £ OBATELRY
DETORBRFTEL L) ZRAICEL DOTH
h, $hIo [E] Bihid, #kidg L ol
*E)EBWLER L LRSS HVDTH B,
7205, IO [HBE] vk RboERDA
L, PHOBRRILVERIELTETHA )
L, L&d, 20 [E] &> TEIRISTEE L
uh [1Th] oekrs, [MEAAl L > T
BO (oFhmdiRhk) T4l 2BATIH
TEE L TEDEFRTAESEL LV BN
LEBEZEBELTBL DR O, k) —ikh
HTEREITIBEICBNTIE, LV EELRSH
DHRRIEDAVELRDTH B, 2B, ZIT
bE/, RFORICEAMEEATHDOTIEER
{, BEOEILO SR T I RRD
THIHETHY T VROBESMEINT
WEDTHb,

2

%
6. [MhERiR] CHTHIALER

§5.5,86, D4FHDEREZFIC LRTH
%o

49—4

A small world is completely satisfactory for
if and

only if it itself satisfies the seven postulates

the use to which I mean to put it,

and leads to—more technically, agrees with—
a probability P such that

4)  P@®B)=P([B])

for all B C S and has a utility U such that

6 UFH=EF

for all J_‘SF For the present context, call such
a completely satifactory small world a micro-
cosm; if the small world satisfies the postu-
lates, but does not necessarily admit P as its
probability nor U asa utility, call it a pseudo—

microcosm.

Y7 VRIS SRR & X SER
R RALPHARBRATHLLI ELTWED
RS, OBEABHEEED LT, [/
BHR] B YL VEOEODREICHYT S
NERERITREZOTHY, E5IF 7,
Zo [hER#ER] o [HR] RO (3] &
(FT2VRIZE o TOREDHFR | TH )
[KEFR] oFns s [BEWTHEL] Lt
EINEDOTHb, 2F Y, MEFRY [FH]
ONERE [THER] 12, Zo/MERE [E5]
AT BRI [F5 ] OREFE [HEE]
128 L, NMERM TR o/MEF T3 )
&, FoMERE [HR] e RIEFR® [17%]
ERBLSED, F0 [1578] o [R5
TOBANPRBBICELVE W) 2L,
CEFENBEOTH D, F72, [NERERID,
[EonRHE] 2T TR, TR
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Rl Lo [BEE] 2A72T0O%LIE, ¥
T2 VROBAGFGHERELLRAT, FLER
BIMETELRDLE>TLVDOTHE, &
DEBECHETE S [NE#R] %2, Hix b
F 8, microcosm| &, [Lon i %
BT LIET B [BEM] #ATEEBES R
W SRR %, iE TE/NFH, pseudo
-microcosm]| & L RDTHL, LB T VK
I, KEFRM [174] O [HER] 3R
[ZhH] K& o TSR TS EERIZRE L
TWBDT, FEOMEP LTI ORE
BIELICEEOIT oD T, FoRB)DHEER
ZHEL A EFHIHE TR, [RER] T
DEAKERF 2 DO TH 2,

NI BRE, 2F DSEDPOITHEII,IT
TOREZTICERTH 5,

To display the circumstances under which a
small world is a pseudo-microcosm, I shall
briefly comment on each of the postulates in
the form given on the end papers of this
book, referring to them here as ?1—7, as op-
posed to P1-7, to emphasize that they are
here being considered with respect to § and

F.

R Y o VR, NS RR] A T
FEH]| BRI EERT L0, [MER
R T s [EoDRME] 2RETLIE
ERDBDTHbB, 12720, INSOREEARSR
O (2Fh [RER] HT2) AETHBP
MOHPTE T ERT, THEN 5N
Ry TiREE] o4ks LAMERY [BE] 04
REE WD bEbDTHAHI LR BALT,
FNLDOREERPIPLPTETLET 2DTH
Bo HBIRIE, FWELTO [#EBH] ORE
LOBOBDOIK (F—0RER7EH) oA ER
TERLTWAEDTHD, 179%, TORERIL
[ ORXTORERL 3BT EL S
bDTHY, T/, §2.7,22, DDoverkl T D

25 (377)
ETHEFIEELTWA LI IT, WieylRTo
RELOAEROEZEDLIE REP2E 220D
A BRI E S A% Fishbumn, Peter, 12L& » T8
#WaN7zH LT, DoverfRTIE Z DDIFMEIF &
NTVEDTH B, SHIZFH, RELOP2
TGO &BIT] el LT [E#] Sh
LODERIELTBY, RXOP2 [&4o
EEIT] 0 [EE] OEBEEZ522b0TH 5
TLERETALE, EH9BIDORELDPUL
TRV X3%0THD, L LR, 2
DRELTORKKXT, NERER] IcxtT 2
[LoniH#E| 2¥ETHLDTH S,
§5.5M8TH A H88H 22 ) T, Pl HPTE
TO (NERIFR] 13T 5) [Honik)]
PERENT VBN, 208K [F0F T
NENEIZ R TITC 2 & &5 5,

FFPIAAS, THIERTH B,

P1 Simple ordering.

Automatically satisfied. Indeed it is directly
implied by P1.

MEFRE (7R 0 [BF] 2, 22,5
HARCHFE SN L KR 75 to [ET]
WEoT [E#] LTLEBI LI 0P, H
T VROWETHLEH,S, 2F 0, NMERY
(A HSEE BT AR B/ OoFHT
KA TLE)LBEELTBLOZERS, [K
#HR] OPLZ L o CZOPLIEBICHKI DT
H5,

RIZP2TH B,

P2 Conditional preference well defined.
Automatic.
T2 VRETHEHICHES & LTWwA 2,

AMERE T8 ] BRI 5 KIERD
(78] ot LT, PACE T, [0
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BT DS [H FLERENE] 0Fhs, 20
ZEWZEoT THEMIZRES ] EWwWHIDTHA
Jo

X B5IZP3732S, THIEKRTH B,

P3 Conditional preference does not effect

consequences.

Requires exactly that, for every f,gsﬁ, and
B C E, either:

a. f<g given [B], if and only if f<g,or

b. h<k given [B], for every h, k €F.
In these inequalities the elements of F are of

course interpreted as grand-world acts.

ZITR THEMIZ] 2ELEELREVOT
HbHo 1205 HED [ L] »oHlrENT
FNEWHICRTS [BA) 2BET5E,
2o (L] o [EE] BZORL [<L]
DIFEFEIXIVIEFICL>TE[EBTHS]
LHIWTT BRI T, Z DHBA, 2ol L]
DF 7y bbbl k) cERICKEH SR
THBWDP R LHEERIF S 126 SNED2IC
KELT, BbT52 i, ZoEEEN [H
Al 2o TREFRYVBLZNTHS ),

ESHIPAEHS, TRIZRTH B,

P4 Qualitative personal probability well de-
fined .

Requires exactly that, if f<g and hs<hg

where
hi(s) =g for se[B]
=f  for se~[B]
{6) he(s) =g for se[C]
=f  for se~[C];

2

i

7

then h's<h’z, where h's and h'z are defined in
terms of 7', g’, ' <g’, in analogy with (6).
This postulate is automatic in case F has at

most two elements.

P3L Dhdrb ) THRAIEBIER [EHA
IZEoTH, REYIOPLL [dokd b L
W THDB Y 7N, RODELOGRUTIE,
BOBOgE)RUF)ETRETHAH I,
7, [RC] o TE] 2o Ldbkvoksild
ZOPAR [EHIC] AENDZOEN, Zh
LZo0 [E] Ofic [&<] BEIZVEE
i, PRI 3 2SRRI TH 5,

RIZPSTH 5,

P5 The person has some definite prefer-

éence.
Requires f<g for some f, geF.

NI E o TFHFETHEWZ Lt [ERIZ]
9L, FoEoP4d MERE] Tidi v,
RIZPETH B,
P6 Partition of worlds into tiny events.

It is clear that this postulate is not auto-
matic, that is, it is not implied by the validity
of P1-7 for the grand world. It is not even
implied by P1-7 together with P1-5, though in
the presence of all these P6 could undoubt-
edly be weakened. There seems to be little to
gain in the present context by reducing P6 to
such minimal terms, nor by expressing it, as
P1-5 have been expressed, in grand-world
terms alone; for P6 does not lend itself easily
to such treatment, though it would be easy to
decide in any instance whether P6 obtained

without undue reference to the grand world.
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NS HFR] PFoic &%) BHAE
(B DHENE EW) OFIPEOHAE
Thr, 2%, oo/ EREY [FEx ]| o3
LT, [—H1d Al £0d [HErs L]
DL (BEOBFICESTWT) [MAAl 774
B aREICBNT, ZOMEALIR, 20/,
SLHER] T 55D [Tz 5E
PHEELT, 2058 0FHEE 20 [k ]
DEZLLOEHLDD, RIFY T20[—F]
DEZOFF L VHELL L] 02k, [E
Biz] HWTAICBRLWIDTHB, DL
I % [A¥E] W, TRER] oX®Z»S [H
B | 2L EESihwL, I, 20
RUERICPIPLPSETEMA LD DL HEX
HEINEDELREEDEZRVOTHDL, 1B
¥z VKX, Pl 5PTR UPLA HP5% Bie
ETNIECOP6% [505] C el TELE
FERLTWB DY, EBEICED X I REERA
& (oL NE] OPEHELTWRVDTS
e 85I2F 7, Pl oP5E Tl [K#EF)
TOEELFoTHRAEPRBEENTWEDE
A, TOP6IX, FDL ) REREFLBEICZT
ANBRMTERDTH B, PHEIE, 20
P6OSBAT A DEN T FDOEZF OB THIT
BTl TKEF] ~EEZLL DD DAL
ZERLIIZ, bhEERIC, FLTIESHIZ],
E3NBLTHH) LEFORELZBEDT
H5o
RIZPTIEDS, THHKBORETH S,

P7 Strong form of sure—thing principle.

Automatic, in view of the explicit assumption

that F has only a finite number of elements.

ZCTH T VR, [HEDEHE, sure-thing
principle] @ [ ] BEREBRTWEDTH
5, 0F 0, EAEELAA o TWBEHE /I
SR WAL TERT S L, Zo0/ iR

27(379)
W T8l LT, =4 b6 LE5
F/MERRE (R 25, 5] o/MERE [T
Bl LIy [BIFFENTHE] (HAVIE[E
WHETATHE]) L3 ebizvwoisil,
o [—h511&, 2o Muh] £Lod BFHFE
MNTHD| (Hbrvid BEFTHTHS]) &
Babhv, thb, BRIk, MR [E
] OERFIEREETHLERELTVS
DTIOPZ THEIRICHES | & LTWADS,
E)D T TEHPIOBMAHIRE o TWVE
EHTHh5,

§5.5,88, DI NI BEHERZFIC LRTH
%o

To summarize, a small world is a pseudo-
microcosm, if and only if it satisfies P3-6.
The possibility of enlarging an arbitrary small
world in such a way as to satisfy those con-
ditions has already been implicitly discussed
in connection with P3-6. To recall the argu-
ments that were adduced, one might review
the example about the egg in §3.1, and the
further discussion of that example in the
opening paragraph of §3.2; the remark in §
3.2, introducing P5; and the example about
the coin following P6” in §3.3.

2%y, UheRiR] » 4 [hFH] Th
L3I0 RMETAITIELDTH
b0 o, [MEA]l PEELTCVLEED [/
ERMR] &, 20 [MEA] 25EEIC [HE5E]
THLIEICEST, TREDEDDRER AT
TIHFILTEBTHAHI LWV T &L, [KiE
Fl ONEROBE ST ICET 2R EIR R
UL, bold5 LI R BRITHELEOH
BOREZTT2VERRBLTWVWEDTH S, %
B, O [#E, enlarging] % ® 7725, §3.3
D3BEPLIEIIPTTORETD (46”1
POORIEE TH 5) PO DEMESITIChHb 5B
FEamr UV VRKIIAEHICEVRTWE L) TH
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b5, %0, 20 [EA] EHRBLYLES
COFHETLREIPL LW] LHEITS LI,
TV VRONEP S TIE, [F0FER] 28
BAEAIE (B ZFo [HA] IKEo
TREND R LMEFD2) [Z0E]| 720
[MAA] NEdBEnB L) [KU] 2B
W, [Z0E] BEZELTBE, [20FEG]
PBRUCOGEEZHBETHE, 0 [fEA]
X, TheZoo [ L] o<, [Bizx
T E0b [cicxdT 2Ll oF% IH
B oTRBTHE] L LTEBRTAIER
DTHBHH, #IT, 20 [fAA] 2k -Tid
BEDLCA TLVHERLLWV] & LTBL,
ZOBEELI, FO[EAl &, 25—
DK 2R, [0 E] 2 H55° [al
BITETS | RUE2BEETLODET S, T4
&, WEELZ2MED [REDOF] oBDOBDO%
(B | LARLT, TORFLESERBEDO[L
Pl E2EZ T, ZOFTEM] T 5E0 [
U] 2B CERLTHAI), INbHO [HIFS
h- Ul oBoBok [cizxdall] &
OEDFDMEANC E 2BIREEET EE,
Z0 [fAAN] 25, T#0@E] & [HIFEFD
EHn] L 2HBOICBRAILIZE T, [HIF
EN L] oBoBOLYLEARELT [C
x5 L] OFPR/BTHE L, HEIHET
THRLELLIICTELEETHI LIL, R
LTARERTEZVWTHS ), TDXH% [#
O] & [HITETORER] & i LT,
BOBOOEH] L D IFMEHKRE L TCOF,
FO AN CEoTR, TEHHEPS L)
DThHb, 2F0, MHEEETICLD TR
o [54] 2ZBET 0% 51, P& OFRILH
BARIHICEb 26 L AbITTHA,
TOEH % 58] %, [#oE&] * [RE
Lo TVBHER] TEKFEETIEIRTE S
EL7zbTED, [REOH] ICL5 [hE%k
HHI o [HR] LHzs L FEO LTI
FRIFERAYUTREZNVTHA I,

% 49-4

7. 8 [eE] P veE] EhBRE
§5.5,88, DHRDEEZFI L RTH 5,

It is encouraging to possess the arguments
just cited tending to show that any small
world can without overwhelming difficulty be
embedded in a somewhat larger small world
that is a pseudo-microcosm. A pseudo-micro-
cosm is, however, completely satisfactory,
only if it is actually a microcosm, that is,
only if it leads to a probability measure and a
utility well articulated with those of the grand
world. The problem of deciding under what
circumstances that occurs is much facilitated
by the fact that the probability measure and a
utility of a pseudo-microcosm can be written
down explicitly, as the next few paragraphs

show.

NS R ST 5 500 AR ICET 5
BB, B2 MER] 55 &5rkEs
MR TH2) HoE [IFEEH] ~b (8
WD L] LBELTHFRIERE TR
THAPIEVIOPRFT T2 VROENTTH
%o 7205, ¥ [NFH] AR [IFH] ©
HEHECTHR-T, OF N [IFEE] ST
% (20 Al ©) THEE] KU TR 25,
AkD, 2% ) [K#R] 23455, 20 A
Al o THEE] RO TRE] &[5 $80D
L BEWE-T, #0 [ASRR] o3y
% (70 [MAA] 12X 2) RWROWLF L, Z
D MEA] ICEoT (37 = VROEARIGR
BroT L) AEHR DL RN ELDTH
%o 0%, B [EE] 2 [FH] Lis
PHDEERBEEICHRL LN, FYL VR
DEANFHHEELLEETLRD, HIZTh
BHIFTH B, B2 TH Y = VEE, Bl
FH] KT s (20 AA] ©) [HZE] K
O [#A 25, BESBRTEBTE 00 L
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EEAETOTH S,
RIS BRELRFIC ERTH B,

To study the problem, suppose the small
world is a pseudo-microcosm. Then, in view
of P5, let E, 7 be elements of F such that g
<k, and let

_ E(h—g | (B])

7 QB)=x EG—3) P([B])

—£'(i—g) /[E] h(s)—g(s)ldP (s).

By using P3 to check the positivity, it is eas-
ily verified that @ is a probability measure on
S. The probability measure Q agrees with
the relation < between small-world events,
which is easily verified on rewriting (3) for
the special small-world act £ that takes the
value 7 for 5eB and g for 5e~B thus:

8 E@®=E®I|[BNP(B)+E(@G]| ~
[B1)P (~[B])
=E(—g| [B)P([B)+E(9)
=E(h—-g)QB)+E(g).

[MAAIZFEHOERL TV [HES R
2 [MFHE] LLTHITWRDET A,
ZOWAE, PRz L, MMERE R T
BgRURT, g dnk» (20 [ Al
Ik oTo) MERE [BIF] BEMTHS B
DHFFEETL I LE R b, COgRURIZH L
T, ML - T, BMHERE [F5] BIoE
BQB) RIS rEHQEERTH L, P3
WEBELZLTEDR, 2o (#0 [k
R 1t 5) MR EEENEERL ko
TWBIEFbhb, LIBF, RBNWEET
AIEZEoT, Z0QHFEEFD [EA] @ (%
O [NERWEFR] BT 3) EHAHERIC—K
THI LD, %), MELLE-oTVS
#® [hFEl ot s (20 [EA] o) A
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HKHEERZDQILE - T5EALNTLEIDT

Hb,
SHhizZhicim<ER, 2% §5.58%,0

BHEOEREYFIK LRTH A,

Since Z] and h are essentially arbitrary, there
are many - ways to construct a probability
measure that agrees with the relation < be-
tween small-world events, but, in the presence
of P1-6, all of them must(in view of Corollary
3.3.1) be the same as Q. That consideration

leads to the formula
© E(F-7F | BHP(B1)=E(F—F)Q®B)
for all ¥, f'eF and BCS.

ZIZTHQM [EHE] TBWTIE, Z2o0/0
ﬁﬁ%f%%lf&ég&Uh@%Em irﬁ
Wl BB THEHNE, QD [EHH] |
yﬁ&%@t&@ BLDTH 5, L#L[ﬁ
R 0B ABOERICL - T, PL
POEP6ETH (MERHR] IonT5) Kk
REiRE LTBLE, (Al OBHFIZLoT
(gl SNn5) /MG M AL EERESR
BT A /MR A K 2 ERHESRIEE
LT, L2b—BNKETESZ L) DT,
[BOF] BEPTLEIERTEH-TDH, /A
HERULEANERNHRETSH 5 QE—EMIZ
FIELDTH D, #ZTRODPHED bIFTH
o BT T2V KIL83.3,38,DRIICER
LTWwaED, ZITRENZLZDIZ (ZORTRH
% <) B [/hrE] oBANEEESEY (2
T [Nl o [#0¥] To [FEE] ») —
BEHICEIAILTHA,
ZDRDEFEET

Using (9) and recalling that U(f) has been
defined as E(f), (8) can be rewritten thus:
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(t0) E® =E(§)+)§E (k—g | fi5(s))=

P (FE(s))=k)
=2U &) Q(f ) =k).

EoR@OEFA LT, MEFRER 175 T1C
s (MAA] Ik o ToOERRD [174]
THHIITD) KERY (T8 t0PEES
BEDARB)NIZIE-T) BETL L, ZoRW)
PEONDIDTH D, 2B, Tz VRIEU(F)
PE(HICLoT [BE] ShizLR_TWA
B, T0XH% [BFE] K7+ —<NZhEN
TWh EREDNLEwOTHL, 72770, /Mt
R TER] FRRKERCE 78] THA
DT, ZOMEFH [HER] o [#A]) %Xkt
RCHZ72b00%2U0 () LRRTHE, Ih
EUK CRERE (78] L LToficddT
MEA]OKREFRE2EANRETH 2)E ()
IZhkoT [EFE] SNBERZLDTH A,
IhICHE B, 2% 1 §85.580,03%H
DEFEETICLRTH B,

The question whether a given pseudo-micro-
cosm is really a microcosm is the question
whether Q(B)=P([B]) and whether U is a
utility for the pseudo-microcosm. The answer
to the second part is immediate and, I think,
somewhat surprising, for (10) shows that for

any pseudo-microcosm U is indeed a utility.

FORWOP bR D L5, MFRHTER]
FO/MERE 2B U (F) &, KR8 [47
Bl ELCOFORERY [$A] UF) &—
BLTWBERRTIENTELDTHE, &
AT, 8 [/hFE] P8R0 [hFEH] &k
BlwdZ ki, Fo8 [hFEE] oMRK
[FeR] ROVMERE [35A) 2sBoBoKiE
S TSR] ROUKEFW [ZA] & 19 %L<
BUDL] bwyZeThotze LAL, RO
ko, M oFD [H o &

2

BE %
W G [hgE] Tid) BIEBICRIILTLE D
DTHY, YY2VKIZ, 20 [HTnETo
&) o [EEMNE | BRI ICESDPEVTVED
TH5b,

EHIZROBEERFIL
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Unfortunately, the condition Q(B)=P([B]) is
not also automatic. The possibility of its fail-
ing to be satisfied is illustrated by the follow-
ing simple mathematical example. et § be

the unit square 0<x, y<1, and let

1 1
) E®=Lulﬂmwdx@.

It is of no real moment that the integralk in
(11), if understood in the Lebesgue or Rie-
mann sense, is not defined for all bounded
functions. Let the elements of S be the verti-
cal line segments, x=constant. Finally, sup-
pose that the elements of F consist of the
function zero and any finite number of non-
negative multiples of a fixed positive function
h=#. It is easy to verify that S as thus de-

fined is a pseudo-microcosm and that

12 E — Ndx'
{12 Q(B) /I,Jq(x) x
where

o R G y)d
{13) qx’) = o B, yiay

Jo Jy hGe,y)dxdy.

Unless q is 1 for every x’, which will not at
all typically be the case, S is not really a mi-

crocosm.

TIT, # AFH] TOMERE [HER]
DAKD] (0F ) KHERER) THERIET)
LT OEPOMbIhEZ L LR
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DN, [FAE] OBE&o L) [THEEIC]
IELFEUTOL] LRS5O THY,
VKB COMEDOIRREZ, (AR B
MEBFENEFTHRLTHEDTHDL, B
T2 VRIE, BEOEREENED H5NT
WAHTE D) BUERFBOLT [E%] &h
TWwa, [—8%] JE dcdy 230 17%<
BHHLTWAD, BHIlIERICREL T AR
MAPLTIUE, 2o [—Kk] JEE, B
EFBAD [EEO] mESICH L CEHER
MG SE B [FRINEN B2 JHETH Y,
Lebesguet] #] 72 42 & 123 L T3 # DLebesgue
HEZSEEELLVIDDEDTHE, /2
iz, TMEEOIER 2B LT IHIRE]
B IE#R] ShEZELRIBICEATHS LS
A5, PO A BV TIE, FubiniOEHOMHE
BHHHELT A EREPTRADEDS, B
¥qz [BE] T5EOME h OFRICIIHG
PRETHBEL), EICFE 2, HINEEL
TWB LI, TOqervbwsBEBRKET
5T EIZLoT [EH#] ShbpBEMNXE EOR
B [—fE]AEL T2 2vwon b, [#
DEMXE] &8 [EdH] oo [HXR]
3, [Z0BEMEFR] L) TRER] o [
] LiE, (9L %] ©oTH B,
2%, [#E] oBps i, [$H oBsk
BEZ-T, [FROBEE] o ThiRy
% [ RROHR] THBEBVAATLE S
Wikel vz, 20 MEA] 2588 [
FH] CORERICEZLABRETED->T
b, WIIWERTER VWD TH S,
ZhICHR<E®, 2% §5.5,9,02%H
DEFEEFICLRTH D,

The genaral condition that a pseudo-micro-
cosm be a microcosm—i.e.that Q(B)=P([B1)

—is evidently, in view of (9),

4  E(Ff—7 | [BD=E(F-F)
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for every f, f &F and every B for which P([B])
>0. Incidentally, that condition alone practi-
cally implies that a small world S, not neces-
sarily assumed to be a pseudo-microcosm, is a
real microcosm. More exactly, it implies all
the postulates P1-7, except P6; and it implies
that the probability measure P agrees with
the relation < between small-world events.
Also, if a small world is a pseudo-microcosm,
it is enough that (14) should hold for some
pair of functions for which the right-hand side

of the equation does not vanish.

BRI Lz %2ZRT 5 &, BIhgE]
N EE] THEZHD, 20, [HED
MMERH [FER] Bz LTQB)=pP([B]) ]
L B DEMI, BT 5 KIEFRI[ES ]
A (R [FER] CBELT) [EELAT
BREV I DI TRV IEEO/ MR ES
BLEEONERE TFHER] RO Lk L
T, Rz Rid 2L hbnThsr, £,
O (&t PRAT D% 5T, BED [/h
SR R [NEE] ThH L ERREE
TED, 0 [NSRRE] A5, P6EKRL, PL
DPOPTETCORERZ AL, LPdbAKBREY
[#E=E | PAY/IMERE [T Mo 2o [EA)
DEMERFERIZ [T 2] LI DTH
5o L7, BINFHEITHEILERETLD%R
5, (PICBT5) [HteE] B4 2[5 5]
ZoopttRE ER] EEL T, (P([B])
>0% A7Y) BBITH L TRWATHE L+ I,
[NEH] THEZEPRIDTHDB, L L
Z DM, W BRI T E DO RILAT(IFHI)
HRENDEDTHS I By
CNICRECERERZEILERTDH B,

Equation (14) is, however, unsatisfactory in
that it seems incapable of verification without
taking the grand world much too seriously.

Some consolation may derive from the fact
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that if f and f* are constants they automati-
cally satisfy (14). Two such absolute,or grand-
world, consequences would suffice, for, as has
just been remarked, it is sufficient that (14)
be satisfied for two materially different small-
world consequences, in the presence of P1-7
(which are verifiable without any detailed
knowledge of the grand world). It must, how-
ever, be admitted, as has already been men-
tioned, that the very idea of a grand-world
consequence takes the grand world pretty se-
riously—a point forced into my reluctant mind

by a conversation with Francesco Brambilla.

FZCERNWDORL e DY, Y VRS
EHRBEARFTIZHADTWAS X 12, TRHEFR]
ANEBOTEANCPPLLI ERLICHE, 20
ROBNDBEEFREOLZ LT bEER
DTHb, 2B, TORDFRTF 2 (K
1 LoB#ELT) EBRNTHLDEHIT,
Wb COERNFTEHNICIALENEDT
Hb, 2F 0, [HxdME] (HEVITKIFEY
%) Zo0ORLDL [HHR] EELT, b
DEFO/NERGIRIRIZ Db o T b L HITH,
LRBLEEIE, PIpSPTE T2 EEL TS
i, 2o [MMERD E TRER] & 195 FL
BUDL] kb0 Thb, 7295, [Tkt
Fl o RE] 0bsd b0 THUEICHE—
D (KREFHZ) HR]I 2574-56F] Lw)
£9%, whid (R0l 78] tEfIE
BIhHwH ki, 20 [/MEWRE] 12k
PbAE—FT, [REEFR] N odh I
el 2REVbITTHL, BB TY
KiE, KEFRE [ER] ~OHEWERP L5
FTAERERES S OFE L W HEN %,
Brambilla, Francesco, & O&FEOFT (LEL
RE) BOEL /L oz EEIZHRTW
HDTH 5,

TR CBREEZTICLXRTH 5,
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I feel, if I may be allowed to say so, that
the possibility of being taken in by a pseudo-
microcosm that is not a real microcosm is re-
mote, but the difficulty I find in defining an
operationally applicable criterion is, to say the

least, ground for caution.

#® [/NFHE] TEdhoTh [FH] Tldk
W, 2F Y RMEE TRER] & [)EE
UL ] )T THERCIF 5 F i
BOovzw], [NERER] IKkoT, 20
MEALl 25 [BREN D] Z L omgEkkE, B/E
WKRIEEAERWTH S &, TT o VKIE,
HE®O [BEL] 2FREICBRLDTHA, 1208
Wik, 8 [hEH] 841 [hFE] Thb
PEPEBUNTL-00 [HIENE] BE2H
MRBERTHALI LY DhEDEFIZE
S TIR)FETHAZ 2RO T,[[ERENS]
ZrBERECRELLVOE] Lnwy k%
BEWZERBREAR-TLEI &~ THL
AERTADTH 5,
ZHICECBTE, o F DOOE S BOIEICHT
THO(85.50KBD)EELFIC ERTH S,

There certainly seem to be cases in which
one could confidently assume (14), though
thus far formal analysis of the source of such
security escapes me. Consider, for example,a
lottery in which numbered tickets are drawn
from a drum. It seems clear that for an ordi-
nary person the outcome of the lottery is ut-
terly irrelevant to his life, except through the
rules of the lottery itself. In other terms
equally loose, the value of a thousand dollars,
or of a car,to a person would not ordinarily
depend at all on what numbers were drawn
in a lottery, unless the person himself (or per-
haps some other person or organization with
whom he had some degree of contact) held

tickets in the lottery. A more precise formula-
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tion, which does indeed imply (14), is that the
events that represent the outcome of the lot-
tery are all statistically independent of the
grand-world acts, or functions, that typically
enter as prizes in a lottery. This suggests
once more that it would be desirable, if possi-
ble, to find a simple qualitative personal de-
scription of independence between events.
(Compare the first paragraph after (3.5.2).)
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EPVHIRRD, FELZVERELL-LETE
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8. BE—HROBEICDNT

E— (0% h Wileyhf) @ [873E, Preface]
& LT, vil, vil, x&HT-IBEFETHEIFFE
SNTVBEIHEIEOLLIXEITREINRTHS,
Doverk (2% Y& "HRK) Ti3 Preface to the
First Edition & %2> TWA I OLER = 2 TH
AWMBZ L LT D, TTHODEEEFI LK
Thhb,

A book about so controversial a subject as
the foundations of statistics may have some
value in the classroom, as I hope this one

will; but it cannot be a textbook, or manual
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of instruction, stating the accepted facts about
its subject, for there scarcely are any. Openly,
or coyly screened behind the polite conven-
tions of what we call a disinterested ap-
proach, it must, even more than other books,

be an airing of its author's current opinions.

T Y VRIEHEOEY DS [HETFEO
EEOT ] FEMCHEL LTWEI LR
TEDTH B, i, [EFEST] ITonwTiE
BLWEROWYISH Y, BIZEESINTWAD
CREVAENMEHBET L LV R ) PLTH
REARETLI L, ERLEEHTHLIL
2B0LY, Lal, EHOBRLAHHEICES
XNBZEERMLT, 2T [FEEST] I
T LEGORBERRE L ZPELLDOT
Hb, TNIHEEZIRTH S,

One who so airs his opinions has serious
misgivings that (as may be judged from other
prefaces) he often tries to communicate along
with his book. First, he longs to know, for
reasons that are not altogether noble, whether
he is really making a valuable contribution.
His own conceit, the encouragement of
friends, and the confidence of his publisher
have given him hope, but he knows that the
hopes of others in his position have seldom

been fully realized.

Ty VRIZESEO (AN tRETAHZ
LERBRLAOED, BROBERD UFEtE
OFEFEDT] L) BEORE % EEICH
LDTHBOPENICOVT, RnEEnEEs %
BoTWbsDTHb, TNPMATHN, wE%
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Zri, FNEAETILRELEBREHSSENT
A H, ERICEFNEE LETSEIIRD
TEEPLTH B, TNIHCBERZTIC LR
TH b,
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Again, what he has written is far from per-
fect, even to his biased eye. He has stopped
revising and called the book finished, because

one must sooner or later.

FF VKL, BEO (8% 2 [ZET
HE| BELIZEITVWIUVBLRNI EERS
WAL TWABDEN, LrLHRT, Z08
BOIEBHIZRETHAILLELIZOTH A,
IR EFEIIRTH 5o

Finally, he fears that he himself, and still
more such public as he has, will forget that
the book is tentative, that an author's most

recent word need not be his last word.

ZOTEREHIFRHNLRDIOTHLI L T,
HED, FLTEERRED, RLTENLNE
TREVWOTHY, Lid, BEZORLKED
EEPEORBOSEE R AR EEZICD
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el 3, TRAOER] Lv ) ZER, LI
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NTWEDTH 5,

ZORDEE, 2 YiEHDO S FHOERE R
I LRTH B,

The application of statistics interests some
workers in almost every field of empirical in-
vestigation—not only in science, but also in
commerce and industry. Moreover, the founda-
tions of statistics are connected conceptually
with many disciplines outside of statistics it-
self, particularly mathematics, philosophy, eco-
nomics,and psychology—a situation that, inci-
dentally,must augment the natural misgivings
of an author in this field about his own com-

petence. Those who read in this book may,
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therefore, be diverse in background and inter-
ests. With this consideration in mind, I have
endeavored to keep the book as free from
technical prerequisites as its subject matter

and its restriction to a reasonable size permit.
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ZhcER (ViEDSViEIPTTO) B
ZBICERTH 5,

Technical knowledge of statistics is nowhere
assumed, but the reader who has some gen-

eral knowledge of statistics will be much bet-
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ter prepared to understand and appraise this
book. The books Stasistics, by L. H. C. Tippett,
and On the Principles of Statistical Inference
by A. Wald, listed in the Bibliography at the
end of Appendix 3, are short authoritative in-
troductions to statistics, either of which would
provide some statistical background for this
book. The books of Tippet and Wald are so
different in tone and -emphasis that it would
by no means be wasteful to read them both,

in that order.

o), [ AR I OREN HEHA BT,
HETZ LT 2EMWERII R ADEREINT
W WOTHh5b, BBY T = VKL, Tippet, L.
H.C., % UF Wald, Abraham, D ZE/EIZS R L
T, INSE2WHRTAZENEBETHAEILE
TRELTWES, L LMl LTwasbifTid
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CHICHCBEERBILERTH B,

Any but the most casual reader should have

some formal preparation in the theory of
mathematical probability. Those acquainted
with moderately advanced theoretical statistics
will automatically have this preparation; others
may acquire it, for example, by reading The-
ory of Probability, by M. E. Munroe, or se-
lected parts of An Introduction to Probability
Theory and Its Applications, by W. Feller, ac-
cording to their taste. In Feller's book, a thor-
ough reading of the Introduction and Chapter
1, and a casual reading of Chapters 5, 7, and
8 would be sufficient.

INIEEWIEHENOEFTH S, O F
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The explicit mathematical prerequisites are
not great; a year of calculus would in princi-
ple be more than enough. But, in practice,
readers without some training in formal logic
or one of the abstract branches of mathemat-
ics usually taught only after calculus will, I
fear, find some of the long though elementary
mathematical deductions quite forbidding. For
the sake of such readers, I therefore take the
liberty of giving some pedagogical advice
here and elsewhere that mathematically more
mature readers will find superfluous and pos-
sibly irritating. In the first place, it cannot be
too strongly emphasized that a long mathe-
matical argument can be fully understood on
first reading only when it is very elementary
indeed, relative to the reader’s mathematical
knowledge. If one wants only the gist of it,
he may read such material once only; but
otherwise he must expect to read it at least
once again. Serious reading of mathematics is
best done sitting bolt upright on a hard chair
at a desk. Pencil and paper are nearly indis-

pensable; for there are always figures to be

2

W

sketched  and steps in the argument to be

494

verified by calculation. In this book, as in
many mathematical books, when exercises are
indicated, it is absolutely essential that they
be read and nearly essential that they be
worked, because they constitute part of the
exposition, the exercise form being adopted
where it seems to the author best for convey-

ing the particular information at hand.

ITH T = VR, [ERH] KBRS T,
ﬁ%%&% PEBETABROZEOEE LD
bAEEZHATIT>TVWAEDTHS, OF
D, (&% 28R T2 BICLER RSN
o TE£E] 3, —FBbloTHERINS
BEOMPEBIEONEL Y 2L ) Lk
bOBRDIEY, LIL, BECBITIEZ7+—<
WREREE FNIPP BV OROMBERTE
ﬁkﬁhfw&wmﬁmmfgﬁﬁjuﬁw

5 (MEHTEHoTh) DIBEEOEILE
> TV A BFHNERD, BICAOIECFEITD
WHDLBEDONTLE ) BADIHLDTH 5,
FITHY T IVRIE, REOEBEYT B0
WFZZZTHBTHEEDbNRLAD D Ltz vl
EEfT o ERBLTVWAEDTH L, 120E
2, HIBREOES EHF o LHEER T
NV EDFRREDOHFNREL, L L TERICE
bf@%%&%@ﬁkénﬁé%Auﬁwfa
A, RAD—HTTHLELIDIZE, BRI
ETA0ThE, BENEROES T 2H
WABHZEICE, R7E0—EZTE2EY iEw
DPb LNBVDER, LhL, FOHREE
FcEBL LS ETH0E 51T, ﬁ%u,hﬁ
CEBDEY, 2LTEOHVEL, DR
ﬂ@ﬁbgkﬁﬁkéhéwfééoéB_%
T VRE, BROBBOLDICE, BXeE
FizLoh by EEEHEZ THL _rﬁm‘w, sheEL
WMEAHBLT, WAWALREARRHE, Bt
TV, —D—D00EKR % B CREEICIER L
T ZEDPWELDIEEBRREDTH B, &
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HIZE L, EEMEREATORBLZOTH
D, FRELTHRINERETHY, T-HEDr
N2 R s 2viETod0R0 L EET
BDTHbD, LB, HMOFPTILH2EED
BEHREER D72 OIRETH S LELNBIGH
ERRLIZBWT, FRLOFEEREZRRL
72DThHb, COLHIBH T VRICE BEAD
Bz TR 3, FENOBD TR OB
BETHHDED, [EfEwm) ONED [FEE]
BT S RS %] FML ##bofmég
LEEZEET AL, BEOHERKEFER
wff@%%&l%ﬁ&bfﬂﬁénﬁétfﬁ
Bl) % [8H] i3+ 2 EELEEY, B2
LT, B LTURTZLEZoTWED
THb,

IR B, 0% B ORBOREY
FICERTH B,

To some mathematicians,and even more to
logicians, I must say a word of apology for
what they may consider lapses of rigor, such
as using the same symbol with more than
one meaning and failing to distinguish uni-
formly between the use and the mention of a
symbol; but they will understand that these
lapses are sacrifices to what I take to be
genereal intelligibility and will have, I hope,

no real difficulty in repairing them.

ZNERELEOEAICHETAERTH D, v
KOPDELRBERCELURT 20T, FRIL
BOBOIH L TEWIIER RS 2T
EThHoodLnhwoss, RURE%2mHE
L7932,y nThs, Fl2iE, BER
AREFLLIEINETHA S L) hiEE<id, [
Bl CBnTiX, B0 (oFh [ oM

D) AT, 115l MoEF, [HEl BoZE
H, LT [H)] BMoBFa2 2R

WRIHENTWEDTH B, T2, THFOF
HoBREEEFDI0I1I0T 2B e %, B
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RIS FICEmm s ED D T30
DTHB. PIZ I, BERARUBEEZ D54
[TARUBICELTHE] L) Z & #A<B
ERFRETAH] LVIKRKAT, REOEZARD
BOMDHHBREERTRRF<ZEALZD D
FTEDTHA, HYx VREBREWERICBY
TRER7+ < VRBRES R ERT LD
B, —ATE, BRI TEBS LTV (
PLBRBEHCEONTWS) XELFRTETSL D
EERDEETIOCTH S, 1oB, [EMH1D299
HIZiZ, FWLREFTERISERENTVWLIDTH
5o

Ik BE, PEVxEOBHOREY
I LRTH B,

Few will wish to read the whole book;
therefore introductions to the chapetrs and
sections have been so written as not only to
provide orientation but also to facilitate skip-
ping. In particular, safe detours are indicated
around mathemaﬁcally advanced topics and

other digressions.

COEYOEEEFEARD Z L BT
BHELZERIEEAENEVWTHAS S LT
VREHEHLTWEDTH B, F2THIZ, 7
FEOERAZZEREL T, EXHOBARST (%
DERXHOFEROF AT OATEL) Wb
5 [RARITL] 2BBICTH00MER L
TWwHDTHY, ¥, HENIELRALSE
e miknEl ﬂLfi%h%ﬁ@LfMﬁ
Bl OFRE 2 BET AR F U S ES
BZNWTHAE) ZLEFELTHWEDTH D, 72
ﬁi%%@’mﬁﬁfmbiﬁfwé§ami
WioE L, BRTAHABIEFNIZEARAZH T
E2VEELINTWAEZ LITE, 5440
HOFELETHEED I,

INICHRCBREZBICERTH D,

A few words in explanation of the conven-



38(390) ©# %

tions, such as those by which internal and
external references are made in this book,

may be useful.

[t ] ORI TITbN BB, SHED
XIS L TR ENDIERDHD (BROE
IR ERONETH AL EB LT HDE
FEEICEET ) BREALEHLTBLLEED
DTH5b,

RIS EEIZRTH S,

The abbreviation § 3.4 means Section 4 of
Chapter 3; within Chapter 3 itself, this would
be abbreviated still further to §4. The abbre-
viation (3.4.1) means the first numbered and
displayed equation or other expression in §
3.4; within Chapter 3, this would be abbrevi-
ated still further to (4.1) and within §34
simply to (1). Theorems, lemmas, exercises,
corollaries, figures, and tables are named by a
similar system, e.g., Theorem 3.4.1, Theorem
4,1, Theorem 1. Incidentally, the proofs of
theorems are terminated with the - special
punctuation mark €,a device borrowed from

Halmos’s Measure Theory.

Z Z THalmos,Paul R., ik 5 L <HISNT
WHHIEROFEYPERENT WSS, Thid
19504E |2 Van Nostrand 2» S R E N2 b D
ThHY, T2 TVRIEBZTHPLEHADKT 2R
TOLVIRLFEFBHLZEZLboTWED
THhb, %B, $%IC Springer »S5FER I N2
Halmos O ZOEW T, FIOKRTIHEIED
nTwb,

IR CBFIIRTH 5,

Seven postulates, P1, P2, etc., are introduced
over the course of several chapters. For ready
reference these are, with some explanatory

material, reproduced on the end papers.

B % 494

¥ DRI TEER] T8V TPLy HP7
FTOEDDRELZRRLTWE DN, i
X, Thorbhb R (EYL LTolE
Bl 0) AiBORELOBOBOIIBVWTE
BLTHBESIDTHE, LL, RELIK
BUIBRAEREATIIBIIARER LT (%
FICIZFEETH 5 L R LIETD) REAFEL
D, LPbARLICBIT BHAERHEEROR
B, MARNEENEROEADORER R &
FRAUTHLPB LI, EBICTIATVED
THHLDPS, [FEINT WS, are reproduced |
EVIHIBVELICRALTLETH L,

INIHRECEERFICLRTH D,

Entries in the Bibliography at the end of
Appendix 3 are designated by a self-explana-
tory notation in square brackets. For example,
the works of Tippett, Wald, Munroe, Feller,
and Halmos, already referred to, are [T2], [W1],
[M6], [F1], and [H2], respectively.

(R OfFE 3 ICEHIT00EBE» 5 %
BYBENERLTHHDOTHY, Lod ik
IZ& o TR Y = VRIC B R RERY DT
BNTVREDTH B, BlZIE, 2758 ZidFeller
X BBEHDOEH[FI]INDRD & 5 R IERS
5,

A sophisticated introduction to the mathemat-
ics of probability. Certain relatively advanced
mathematical techniques are avoided by a se-
vere restriction of the material treated, which
is none the less extensive and varied. A sec-
ond volume, removing the restriction, is prom-

ised.

Felleric X A2 ZOFHIIHN T HY T = KD
BRETEVEMEA S W2 BB L ERTH
Bo
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EHITRDEEEFI

I often allude to a set of key references to a
given topic. This means. a set of external ref-
erences’ intended to lead the reader that
wishes to pursue that particular topic to the
fullest and most recent bibliographies; it has
nothing to do with the merit or importance of

the works referred to.

P VR [@ERBBELH] LT°bL
ERZDDUIEHERSELTWADTHbD, 20D
[ Lk, BEOFEICETL L EEL
ZLTLDREDITMENLBLEDDEDT
BBo I BEENEOXRROEETH
D, TNEBIERTHD,

Technical terms (except for non-verbal sym-
bols) that are defined in this book are printed
in bold face or italics (depending on the im-
portance of the term for this book- or for es-
tablished usage) in the context where the
term is defined. These special fonts are occa-
sionally used for other purposes as well
Terms are sometimes used informally—even
in unofficial definitions—before being officially
defined. Even the official definitions are some-
times of necessity very loose, corresponding
to the well-known principle that, in a formal
theory,some terms must in strict logic be left

undefined.

L. J. Savage
University of Chicago
April, 1954

T VR, WEERwDb® S [E®] 12X
2T (WhIRIERIZ) BATHEICE, RV
FA4 5y 7 RDEFERAVTWEDTH S
25, L LAREE VI ik, #NHFERIIE
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] ShTLE)LVHIICVWDIESI Y 74—
VIFIESNE L HEDTHY, SbCF
REREVI DI TR [ER] 12X oTHF
EREALTAT, TRER LI THRB L
WY ZEBBRENRLIDOTHL, ZDLI %
RF, SHTRYDFOL ) CHFINTW
LS ERSEICBIT 2 ERNERSY, WO
PHERIC [EFR] SRTWzbF TRV
EEERTIL, ICEHETIIRNTHS I,
Tz, 7TA—TIVICERERBELIETR
i, TE8] ¥ shizwv (whid [EEs]
TH5n) WOrOMEEFHTLIOTHL0
5, EX D # T, official definitions| & 1
Vo Th, FRIZL-THPb Y 0db L3S
BEZEAHBIIED SN THSE LW bIFT
B2 THb, 2B T2 VR, BFECB
WTBEICHEZL L TV B EBEDOPwhzRe [
Bl BT Z0EERELERELT, LhE
K THELHWSNAMEELF-VET, %
DEDER T BT IROFEED2DTHD L
TS NAWELZ A7 v 7R T, FRFRE
FELTWAE LI THb, 7225, KR, grand
world [ 134 # V) v JKRTHEA SN, [KikE,
grand decision] ¥ (BEE L TW) fibnT
WL oEFRO—-—< U EOFITHY, [EERIC
] BAINRTOWZVWDTH A,

U EFE—RORFEZD, ZhidyrT2VK
%% Chicago KZEICIEFE L TV7219544E 4 A1
EhPNboTH b,

9. fE—DoverfROFTEIC>WVT—
TTEFHPDE, RiEYDoveril (0F hE
M) DEIEICOWTS SN2 ITER b Rw
Th»)o TR —vHFETiii, iv, vEE
BOFOLNTWEIEILDLLLILELDOTH
D, B B 12 1%, Preface to the Dover Edition
LEEFOITONTWEDTHL, TNEED
BELZSICERTH S,
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Continuing interest has encouraged publica-

ﬁ

tion of a second edition of this book. Because
revising it to fit my present thinking and the
new climate of opinion about the foundations
of statistics would obliterate rather than re-
store, I have limited myself in the preparation
of this edition much as though dealing with

the work of another.

(B8] OFE—IROUWETH % 3 T & A0
mTAHIELLBEDPEENTELZDIES, ¥
T VRIREDLOWADEH 72D TH b, &
IZLA [HRIZFOEFEST] hdhbs (Y

TVREERED) RELHORESCRBIE
BLERMELTEZOTHY, ZDX) HEL
RHMARATEYETRITLTCLEB) LT3
&, BXORETRUHERLR ETERL, EWO
EHEWEBBRZED LRI PRLZVILLEOTH
Bo FITHIE, THTHMADEELZTD KD
PO ELETIROERE LI-OTHY, F
FEDE S MADL D %) BECRE 24T
IEIIEEFEHE LRI 20THB, 0F
D, B—RHERD ((HEHFOEFEST] I
T E) YT VROBEL, SRR ERT
BEOWEDOZFORE L OMICIE, BANLRES
BARETHAPD LRRVDED, (bilk
DEEHFICL o TE) FEHRLBLZVWEEID -
72T TH b,

ZHICHLSBREERBIC ERTH B,

The objective errors that have come to my
attention, mainly through the generosity of
readers,of whom Peter Fishburn has my spe-
cial ' thanks,

Minor and mechanical ones, such as a name

have been corrected, of course.

misspelled or an inequality that had persisted
in pointing in the wrong direction, have been
silently eliminated. Other changes are con-
spicuous as additions. They consist mainly of

this Preface, Appendix 4: Bibliographic Sup-

2

%

i

plement, and several footnotes identified as

49—4

new by the sign +. To enable you to pursue
the many new developments since 1954 ac-
cording to the intensity and direction of your
own interests, a number of new references
leading to many more are listed in the Biblio-
graphic Supplement, and the principle ad-
vances known to me are pointed out in new
footnotes or in comments on the new refer-

ences.

BBV TRWZah: GEED) &
BHERLTLIEIRE DD, Doverhli Tid
(ZlbofbT) URBEINTHWEDTH
5o Tz, HIRILDOEERRD &) v b RN
ROV (bEDHLEZLEDLSTIT) YR
EENTWVWEDTH b, BT T VKIF
Fishburn, Peter, 28 ICEBFOEBEZELTH
Y, FBYIEo TWAELR DD &l
TWwb, L2L, fH202600ETERINT
WE [adr vy (Hs0ViyaIvy) o
AER] DT a2y 7V YA, Schwarz & 3
%k, KBOzPzIil ko072 F Il oTH
D, AEOEXKED?S 3FHOREZEDHFHEOXT
btz T THY, T/, FHEEFID09EH D
FRTbtz0FETHY, SHICER, §15.6
DTEDER L 2FEDITThtz0 T I 4
DTHb, LedbYT=2VRIE, 20 [vay
7| OB Y Schwarz DL b EHLE
ZEboTWwiEHbmXLEBICEHRL TSI
B bLT, zOFFIILTWEDTH 5,

DFh, PR EDBIOBVICETAREY, ¥
T VRICEHEBEOBABVRANED Y, Z

O [Bvikd] #BET 2000 EEICE
AL LBPDEEND 7200 LRLRVWDT
Hb, EHIFEDoverfi Tz o DB
BEEFBZENTVEDTHY, #RIEFTT
DHETHY, FFFHATHY, 2L TnwL
OPDMELDTH S, 8413 [XEHROH
Bl HorEs, ERICE THE] tvwi ki
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R THY, WISDEHFFARSATS
D, BATICY Y = VRIC X 2 B R ERIO
bNTVWBEDTH b, THFLVEESEAR
NTV B, F—OMEICBECER T (£
LTZEERFL) o 6hTBY, Frlw
MiEICZESE0+a2iF 6T T, KA
DX EI o TBEDTH b,

TN CBERTIL ERTH B,

Citations to the bibliography in the original
Appendix 3 are made by a compact, but oth-
erwise ill-advised, letter and number code;
those to the new Appendix 4 are made by a
now popular system, which is effective,infor-
mative,and flexible. Example:The historic pa-
pers (Borel 1924) and [D2] have been trans-
lated by Kyburg and Smokler (1964).

CHEEOF I HOKNICETAEELZDT
HBo 83 ICHRLTHBEHOLIMEC
L TiE, B xiE, [D2]Ev: ) R T de
Finetti, Bruno, 12X 5193740 ({LFED) tHit
B XICSRELTERDED, ki)
PRXERTEHoTH, £ IHE~DEE
CESRIFIFHFEDEEF T VRIIRE L
DTHb, FZTHIE, N4 IERLTH D
Fri<Emsh-XmEICHLTE, fIZE,
(Borel 1924) &\ #3C Borel, Emile, <
L 5192440 (LEED) mXIKERLARY,
Kyburg and Smokler (1964) & \» 9 #3%C
Kyburg, Henry E., Jr.,and Howard E.Smokler
IZE 5196450 (EFED) MXEICERLL
NTHIELEELEZDOTHD, TORYDiE
I VRBEILE o THRMPOFRTHY, FL
TRELGE L (B ML CWwa0T
H5b,

IR B%E, 2 ViiED 4 FHOB%
G ERTH S,

The following paragraphs are intended to
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help you approach this book with a more cur-
rent perspective. To some extent, they will be
intelligible and useful even to a novice in the
foundations of statistics, but they are neces-
sarily somewhat technical and will therefore
take on new meaning if you return to them
as your reading in this book and elsewhere

progresses.

RIS 6 DDRETIX, FTEFL DB
BB o ZoBYICAAD L BT LD
HLNBWE S AEMEBRRBEDI DL, F
T VREHZTHEELZRTOTH L, EH12
Wik, FNLOLED, [HETFOERETIT]
EVH)GEHAD [FLE] ICbHHEBET TR
BUBLBBETHHIRELELEINTH D, &
T [#4-3, novice] W) EENSHLE X
NTWBY, ShiEy YT VERFES % [HE
FOREBEIT] o [ZFA—F] ThHorEL
I ETORETHLTESLSH, LL, Tz
KA THEHFZ0#FEBETIT] W) EETRLUR
#9 L LT BHEE, thoZMNEST LR
BRLHBETHETEL LW bITCidEH%
WTHA), 2F D, BMED [HLF] &2
AARED [#0E] £V BeLAEOERHRE
AT, OV Tz VROECELERYIES =
EREHEBLROTHD, SHI12F7, 20X
7% [Wig] & [mxa8—1] b (FBE
D) BRI E VI &9 RRBOEEILX, ZoOER
DHIEHE SHITHRAM 72 GEREEXHTHED
nTws) [E—HonE] Cidiohizdo
125D Thb, HBIEIE, UToXEZ, &
B OEY MO LI EFHAELIHE->TED
LR ERZH-o T A IRTRLEFELTVS
DTH 5B,

TR BERBIC LRTH B,

The book falls into two parts. The first,
ending with Chapter 7, is a general introduc-
tion to the personalistic tradition in probability
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and utility. Were this part to be done over,
radical revision would not be required, though
I would now supplement the line of argument
centering around a system of postulates by
other less formal approaches, each convincing
in its own way, that converge to the general
conclusion that personal (or subjective) prob-
ability is a good key, and the best yet
known, to all our valid ideas about the appli-
cations of probability. There would also be
many new works to report on and analyze
more thoroughly than can be done in foot-

notes.

[E5E50] OFHRE, Y2 VREEI LD
12, BTBITLZEORLETIHEINTVED
7EH, ERICIESEEITTEOORML F0
BROTICETIERIKRTLTNEDTH
h, 7, B6EI (B KEHTIETHS
»o, B, £6TBFTTHED [HetEoikp
D] OFRENRH ST —BELTWLEDIFT
b, L IATEIR, ZORZGHLIS%, [HE
| RO T#H] T2 [BAGRBGHR, per-
sonalistic tradition| ~D—fFEAFEHD L S %2 D
ODREELERRTVEDTH B, [1AAREEHK
Bl wIREE, BROZELRDS, E
TRELDNTLRVDTH B, [E—RROH
F| OBERDSWITERICIEI (B8] 2
WAL LTLEIDTHA I W BBT TV
&, COREWMLETEd ) —BEEIETELL
TORERYETELETCE 2 WEL S BT
WaYS, L, o ((FEtFEOERETIT ]
KT %) HEAMERIAETHLIEFRL
TBY, T2, COBENOEHEFOEED]
BEEARLTVWETHA ), 5Tk,
7 A =R NBREESEO [HE5E] 13X TR
WS, RIZNAAGRHTHLE DR EDHE
) B LBE ([HEFE] ~0) W o0
EDORY Iz, o [HfE] LFRgC, @
A% [HE=E] v bods, (Rl o

B 3 49—4
b BETORYLREZF~ORVET
HY,LrbSEFTCHAONTVWIRTREDHE
| ThHb e, —BIGERSEDITING
TEHEDEEERTHDTH 5,

INICHRCEE, PEVIvED 2FBOERE
2R ERTH B,

The original aim of the second part of the
book, beginning with Chapter 8, is all too
plainly stated in the second complete para-
graph on page 4. There, a personalistic justifi-
cation is promised for the popular body of de-
vices developed by the enthusiastically fre-
quentistic schools that then occupied almost
the whole statistical scene and still dominate
it, though less completely. The second part of
the book is indeed devoted to personalistic
discussion of frequentistic devices, but for one
after another it reluctantly admits that justifi-
cation has not been found. Freud alone could
explain how the rash and unfulfilled promise
on page 4 went unamended through so many

revisions of the manuscript.

[ BB ] ORBEH RS ICH whIXgET
OEFSFOD E ORI, FEERNFRIBEEL
T & KESEN T B BFREE AR 2 L35
LIEL T B W)L THo/DTHY, L
PHZOEMIE, §1.2,4, 0 3FHDOERETH
FEINTVWEDTH B, T TV = VKIIH
BERBIEIR & W) BE D [FIR] % schools
EEBHICLTWAD, ShiEEssiREDd
ZOoD%jR%, 2% U, Fisher, Ronald Aylmer,
DRBELEET LR E, Neyman, Jerzy, &
FPearson, Egon Sharpe, D¥iRIZHE ) FiRk &
EXFHLTHENLTHA9H, BBMHIE, HE
FREIFIRDS (B MAELRRICIE) FEtF03
EAEETOHEE % (/277 Uleffreys, Harold,
D& R REGEIND B DIZN) HOTWz
TEREEL, 4T IORRY (BLI3ET



2000.3 Vo x VR
PR L7205 LN WDREH) BFEERE-T
VHEILERADTWEDTH D, AT, HER
T RO ARNESL L v B, [#
Wiwl DE_ORGTPERT ST, £
DERTERVIILFENI LI TET
DTHb, 2%, [IESfk] 2ROBZ LI
3RV DEENRDL LI BDOTHD, 7275,
ENZE b LT AEHD NELLoMER]
HIlkS Mo/ THY, TT 2 VRIZES
SHFWH ZOFHEND [F8] & LT, Freud
EVIHEFEAEFLERLTWEDTH S, 72
HFreudE LB EFTBH £ b, E£hRsEY
ROV Yz VI, BRET#OER ST 123t
TAHEEMNFROEBEY [BEIC] HET S
EWVIFFETRFT > T had oz wn) 2 &id
%5 iR 2oThh, 2F i, B
OEARHRBIR /LT [KerFogkpo
UJ®$E%@%K%iTw%#K#Kow

, (BT TEDLIPL L nd) 40

H’ﬁ?)ﬁl BdHot: [BT] 2OTHb, 2Bk
1%, ZO[DoverliDRIE ] TiX [$HEH, fre-
quentistic] &) EHEFM > T 525, [H£5
Wl ORXTIE—E LT [EEHmN, objectivis-
tic] EWHIEBRZHEANTVLDOTHY, L

STEDMICIZEID [T4h] 55 %) TH
%o B Z ¥, 112 X 712, Reichenbach, Hans,
D ([T 5) BaIBREICRT 275

LA LHEZHEL TA5E8101, Zo#mike

R ERBNLEDOTH D, 7295, T DReichenbach

DEREPEFIBREL VR VOTAMIZ T

BADTH b,
THICHESBERFIC LR TH B,

Today, as I see it, the theory of personal
probability applied to statistics shows that
many of the prominent frequentistic devices
can at best lead to accidental and approxi-
mate, not systematic and cogent, success, as
is expanded upon, perhaps more optimistically,
by Pratt (1965). Among the ill-founded fre-

2BV BifiEworldic 2T (9) B
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quentistic devices are minimax rules, almost
all tail-area tests, tolerance intervals, and, in a
sort of class by itself, fiducial probability.

BHANEEORB L IR THEDL L
IZEoT, LLAIGNTWAHEEGRWHEFED
ZAW, REOHETY, MBMICEEINT
WT L2 bRENHBANS 2072 & Li3E
EFRETER W, 2F T8l rd
U Z BB LRBICTERNS DR DT
V) T EIRENLDIEE, BV VK
Pratt, John W., D#EWICER LOoOoERT S
DThb, £72, ZOWEN RIS
THEBBTHEOH L LT, 3 =<7 AERRE
KOMDRBOEGEFHT H5HME] KFERS
NTwa, REBIZ74 Ko =T v LERLE WS
BESHTWEY, ¥ 72VRE, Z0iH%
KETHEEZEL-oTVEDTHSL, LT
AT, [F—ROE] OFECERELRLEL
HELT, &) bMENT, EERNTE~D
e D ECIEHBNEESRICE TV S X 2%
E%h%@’(“&‘)%o
MK LEEF| LR TH B,

If I have' lost faith in the devices of the fre-
quentistic schools, I have learned new respect
for some of their general theoretical ideas. Let
me amplify first in connection with the Ney-
man-Pearson school. While insisting on long-
run frequency as the basis of probability, that
school wisely emphasizes the ultimate subjec-
tivity of statistical inference or behavior within
the objective constraint of “admissibility,” as
in (Lehmann 1958; Wolfowitz 1962). But
careful study of admissibility leads almost in-
exorably to the recognition of personal prob-
abilities and their central role in statistics
(Savage 1961, Section 4; 1962, pp. 170-175),
so personalistic statistics appears as a natural

late development of the Neyman-Pearson
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ideas.

HERNFRNOEFOZEICEoTLES
ZDREELTYH, TDHERO—MFE TR %2
ERAHDBHIF LG 2ERI YTy
RIEB L L d o720 TH %, Neyman-Pearson
ZRiE, [HE] L) dbOREHICbAEST
BOBEINABBTNE 26T VbY5E [HHE]
TEBELTEASNLERELDZL W) HE
BEEL E O ERLETH—FHT, HEH
?ﬁ w R HATBI AR OSSR 2 EBIE T, [5F

Eel] v ) BB EHHORBENTE
ﬁ,ommﬁ%Témgofwéofééoﬁ
BT VRE, [HFETRE] L) ERE
FEREESERTNE, MANERD [FE] &
20 (FEHRICBIT D) HOHKRE L ICHT S
WRELRFRREAL, BEALGERIIEONHRME
Reb%oT, (Bo#dy) HETLETE
LERTHOCTHD, 2% DIFIE, [AAGRN
$t §F &, personalistic statistics| I& Neyman-
Pearson #£JROEF X HHS [HRE] 1TE8EL{ %L
BOREBECP o TVREDTHL, BB T
T [EAGRNEETZ] L)) SEISHTETY
B, Fl0L) HERIYRE—IRTIIME
ORTWRVDOTHBY, ZhidH Y« VRN
BAGRHABTH L LR TEMRICETS,
> CTEAGRHZ [HR] ETL, (hE€ry
T VRPLED EBELAEN>TWB) [#
Bl oz THob,

TN CBEEERFIC ERTH B,

One consequence of this sort of analysis of
admissibility is the extremely important likeli-
hood principle, a corollary of Bayes’ theorem,
of which I was not even aware when writing
the first edition of this book. This principle,
inferable from, though nominally at variance
with, Neyman-Pearson ideas (Birnbaum 1962),
was first put forward by Barnard (1947) and
by Fisher (1955), members of what might be

w % 494
called the Fisher school of frequentists. See

also (Barnard 1965; Barnard et al. 1962;
Cornfield 1966).

T Y VREowR [REER] =
ETAHDTHb, TNIFZITIE, (o5
ZBNTVE 7 — 5 3T 5 REBEF—%T
LBAEE, FhooF—5iE0L (%0
Al @) RED—FHLZThERL%2Ww] &
V) (20Nl KHT5) —o0HED
ETHLEDLY, ¥ Y VROIERRITIE
oD /NHEL \_ﬁol/\“Clﬂbb@Z)Bayes@/\‘vb‘
EESNLOT, Eixoo [EHE| X BB
] B DTH B, A, E-RBERIIES
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The views just expressed are evidently con-
troversial, and if T have permitted myself such
expressions as “show” and “inexorably,” they
are not meant with mathematical finalty. Yet,
controversial though they may be, they are
today shared by a number of statisticians,
who may be called personalistic Bayesians, or
simply personalists. This book has played—
~and continues to play—a role in the personal-
istic movement, but the movement itself has
other sources apart from those from which
this book itself was drawn. One with great
impact on practical statistics and scientific
management is a book by Robert Schlaifer
(1959). This is a welcome opportunity to say
that his ideas were developed wholly inde-
pendently of the present book, and indeed of
other personalistic literature. They are in full
harmony with the ideas in this book but are
more down to earth and less spellbound by
tradition.

L. J. Savage
Yale University
June, 1971
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