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Savage, Leonard Jimmie, The Foundations
of Statistics, Wiley, New York, 1954 (Second
Revised Edition, Dover,New York, 1972)
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(333), 19934 9 A H43% 2 2, 14(144)-37
(167), 1994%E9 H, Z44% 25, 31(125)-59
(153), K U19954E 3 HER44%5428 4 5,118(436)
-146(464), B\l EHER] ~ORFRERS
kDTHY, —HBKHNER, Y=y, v
AFNVE Vg, BLBINBIEOERFICBT
BEANRHERICOWT], 19944F 3 B 5E43% 4
5, 176(603)-187(613), #smLl 7z,

SEiE%E 4, 85, FoR%E( [EfRITD
BeELiNEICP 4, P5, P6),[EHMER,
qualitative probabilityd, TEEHEER, quan-
titative probability |, K O[T 4> X SR,
conditional probability | B3 54 v = VK
DEMERAMB L LT B, BEBS5ETHED
§ x.y,z, 13DoverhlR D BxBHyHizE 2R T,

2. TBBICE>TEYBMAL LIV ENS T E

§3127T, 0B OEE (ChixFEIE
Personal Probability® BEETH %) %5|< &
RTH 5,

I personally consider it more probable that
a Republican president will be elected in 1996

& X B

than it will snow in Chicago sometime in the
month of May,1994. But even this late spring
snow seems to me more probable than that
Adolf Hitler is still alive. Many,after careful
consideration, are convinced that such state-
ments about probability to a person mean
precisely nothing, or at any rate that they
mean nothing precisely. At the opposite
extreme,others hold the meaning to be so self-
evident as to be unanalyzable. An intermedi-
ate position is taken in this chapter,where a
particular interpretation of probability to a
person is given in terms of the theory of con-
sistent decision in the face of uncertainty,the
exposition of which was begun in the last
chapter. Much as I hope that the notion of
probability defined here is consistent with or-
dinary usage,it should be judged by the con-
tribution it makes to the theory of deci-
sion,not by the accuracy with which it analy-

zes ordinary usage.
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L LT DOEREDOIRDE% T, the concept
“more probable to me than”is an intuitive
one, open to no ambiguity and yet admitting
no further analysis W5 [ S LX] i
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If the state of mind in question is not capable
of manifesting itself in some sort of extra-
verbal behavior, it is extraneous to our main
interest. If, on the other hand, it does mani-
fest itself through more material behavior,

that should, at least in principle, imply the
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possibility of testing whether a person holds
one-event to be more probable than another,
by some behavior expressing, and giving

meaning to,his judgment.
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To illustrate the scheme,our idealized per-
son has just taken two eggs from his icebox
and holds them unbroken in his hand.We won-
der whether he thinks it more probable that
the brown one is good than that the white one
is. Our curiosity being real,we are prepared to
pay, if necessary, to have it satisfied. We
therefore address him thus: “We see that you
are about to open those eggs. If you will be so
cooperative as to guess that one or the other
egg is good,we will pay you a dollar, should
your guess prove correct. If incorrect,you and
we are quits,except that we will in any event
exchange your two eggs for two of guaran-
teed goodness.” If under these circumstances
the person stakes his chance for the dollar on
the brown egg,it seems to me to correspond
well with ordinary usage to say that it is
more probable to him that the brown one is
good than the white one is.

T HRBPEEE LT aHEAlba Nk
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There is a mode of interrogation intermedi-
ate between what I have called the behavioral
and the direct. One can, namely, ask the
person,not how he feels,but what he would do
in such and such a situation. In so far as the
theory of decision under development is re-
garded as an empirical one,the intermediate
mode is a compromise between economy and
rigor. But, in the theory’s more important
normative interpretation as a set of criteria
of consistency for us to apply to our own
decisions, the intermediate mode seems to me

to be just the right one.
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A relation <« between events is a quali-
tative probability ; if and only if,for all
events B,C,D,

1. < -is a simple ordering,

2. B+ C,fandonlyif BUD <-C
UD,providled BN D =CN D= 0,

3. 0« B, 0< S

ITOEREEADIETHY, <130
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It may be helpful to remark that the second
part of the above definition says, in effect,
that it will not affect the person’s guess to
offer him a consolation prize in case neither B

nor C obtains,but D happens to.

Sl 0BT, MMTABOIEAID R
iz &k - TEZE L /2not more probable than &
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You will have no difficulty in proving that
Theorem 1 follows from P1-5.Theorem 1 has
many consequences of the sort one would ex-
pect if < meant“not more probable than”in
any sense having the mathematical properties
ordinarily attributed to numerical probabil-
ity. This is illustrated by the following list of
exercises,which should not only be proved for-
mally, but also interpreted intuitively.One
eagy exercise not included in the list below,
because it is not strictly a consequence of
Theorem 1 alone, is to show that B = 0, if

and only if B is a null event.

ZOREBOXD, BEWHHITE 20 E
1| »OEBRIED LIRS LEWREE I,
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fB73FE %, virtually impossible event, null
event] DEZRLEPI EMTHARIC] FIBENT
By, [EHL1] 0,2 0[<* 3EHNIER
TH5 |0, BENRELEIEVEVTHA S,
BB, CCTRCOEEMEOAETEZDLIET
WLTIRT %, £9 Y = VKIZ 1,2a,2b,3,
4a,4b,4c,4d,5a,5b,6, E BB E IR > TV 3 25,
IZTREZOBLESET 5,

1. XCYR S+ XxY<* S,

CCTHROEWRIQLI 0 HEH, EhE
WI,YC S THBHDT, —ROBELORED,
RELVY=Y UX,Y NX=¢ &, T% %, QL
3L Pd<*xY s QL2 &1 d UX*xY UX,
X<« YDPES o

2. XYOBOBDEZEDHBHHRETH
3L95%, COBEXI*xYEXUZI*YUZ
L REETH B,

Y

E

QL2 X Y<*XEYUZL * X UZ & iZ[EfE
Th b, I, BOBODOHFEDH T LEMES
AL d %, i, <* DETT X LIRS

Bt 45—4

3. d<*xYHhoXEYEDELBEAIIETH
513 5F, X<*XUY,

Eo 21tk g UX<*xYUX, T TEZIE
Xicg e HFRRXUYIREL W,

4, X*YE~Y<* ~XEREMETH %,

B RET %, X=XNS=XN(~YUY)=
EN~YVY)UXNY)THb, RERkic, Y=Y
N~X)UYNX), HIZQL2 KX N~Y< *
YN~X, ¥5icE2QL2 &b, XN~Y)U
(~XN~Y) <x (YN~X)U(~XN~Y),
TTTERE XU~X)N~Y=SN~Y=~Y
WHELL, AL THEBR~XiELL, #)
K~Y< % ~XDBHED, FRBIBREERRE
T35, Bl ticky, ~(~X
Ck~(~Y) &1 BH, ccThEARXICE
FEERYIE LY,

FrEoRk<*xRU=*x DERICHERTHIE
[X<*xYE~Y<*x ~XEREETHE] K&
U X=%xY& ~X=% ~YELREMETH 3]
DHESD

5. X<*xYhoY&ZE DEEEHANZER S,
XUZZ*YUZWBES
X' =XN~Z2¢,F5EED1 XX <xXE&
3, HICQL1 L 0X <*Y, $£7QL2 &Y
X UZ<*YUZ, T TEARBXUZIZEL WV,
FLRED <x ¥ <x ThhIEHRDOH
b <{x LT3,

6. X915, X=* ¢ O FBOER
YicBgLTXUY=%*Y,

QL3 &V ¢<*XTHBLDTHI¥IZ ==+
DEFTIODIES FhbDb XDXUYL*
pUY=Y, —FED1 X0Y<*XUY, &
=% OERICLDEBFEGHES,
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7. S<*XB51F, X=*xS hoFR0ES
YiBIL TXNY=%Y,

D1 X0XL*x S THBEHOFERIR =%
DERICIOES, T bDdickp~X
<*x ~8=¢, KickD itk ~XU~Y
=% ~Y, &bk bn4icknXnNy=
~(~XU~Y) =% ~(~Y)=Y, #icXNY
= %Y,

frd4zHVTIRLTASBE, ED1&D
YUXN~Y) <* S, ExX=ENYVUX
N~Y) , #ftic S <*X#K5iE, QLlicky,
YUEXN~Y) <*x XNY)UXN~Y) , #&
KQL2 & Y<*XNY, —H LD 1lickd
XNY<*Y, #iz =% DFERICL DiEHD
"o

8. XUZ*YUZh X EZ&E LLEERS HiZe
THBDR LT, X<+Y,

Y =YN~Z&4 53 & XUZ*xY UZhD
Y NZ=¢, #RIcQL2 DX *Y', £# Lk
D1 &Y <*Y, #HitQL1 kb X
<*Y,

BB, JEW <x THBEOUSITHERD
<x k13,

9., X<*YhoX' <*xY THb, adlcYe
Y L oHBHBIIETHEET B, T DEY,
XUX' <*YUY #%5E5,

X=X NMTNUX' N~Y)KRUTFY=(YN
XDHulnN~XDEws5ElicERLT, 2=
X' NY,X" =X'N~Y,Y'=YN~X' 43,
YNX"=¢ DT EDS XOXUX'<*YU
X'y ETANY=Y"UZE0HBTIRY UEZU
X'NELL, £/£Z2UX" =X, #icXuX”
<HY'UX' X <*xY RUS5 XD X' U
Y'<*Y UY", #IzQL1 X XUX"< *
YUY g7 Y UY)NZ=¢THBDT
R 5IckD, XUX'UZ <*xY UY"UZ
EIBEMX"UZ=X »2Y" UZ=Y, #icXU

47 VEBERITB T 3B worldic oW T (5)
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X <*YUY 285,
RBIREOHDDIEL Lb—Fn<xTh3
BAIERRI<<x &3,

10, XUX' <*YUY Td » TX, X' OI@EL
AWETHEELE, XLxYhHBWIEX <*
Y,

RHREBRET S L[Y<xXpDY <xX']
L5, kD itk YUY <xXUX',
CNRREIKT %,

BBEES*ThIHEA IR ERo*
K ITEEHI TLW,

11, X< ~Xtpo~Y<*x Y 51, X< *xY
BRES o

HREBETHEY<*XE% 3, ThER
EDRIFIT L DYk ~XAS, FhB¥ickD
~Y*XHBRES, it kD9 X bYU~Y
Lk ~XUXo HIZS<*SE7 55, QL1 &
DS<*STHZDT, <xDEHRILLDFF
BEL B,

BBIEDORODIEL Eb—Fh<xThh
G b* &0 5, EBE L, KEDH
FP*xTHBLETE, —HX<*YOBER
Y<*XTh3, £ TIDEEEREDHE
SR L DYk ~X3, BT D ~Y<]*
XDHES DT, ED9XDSI*xSE1 3,

FhRESEIE =% THhiF( =% OF
|ICIDERD =% L1135,

LTAHTION (JRXTHE6) iwl Ty o=
¥ K ldequality holding in the conclusion,if
and only if it holds in both parts of the hyp-
othesis BTV B A, ifOKF I ETHEELA
LoIE =% DFER/ICLVDEFEALHSHIKO
7255, only if OB REDLBRVDOTH 3, HlZ
X, B2=8995kH5cHlI2>3T,—F
DO EXE LA EYEFThIZ, 2h 50
RIB=Z00—EB0E L VM, ~XRE~YD
RIdfic=n50="1th 5,
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6. TERMEEDERELEHNEEAND—

§3.3,33, D EHOBREOKES X T, [TH
Rl @V oTHEr, ZolEAl OEH
BHERICEL T, EN¥lcis] ,2EDISE
XU UKo XiNXi= ¢ (%)), Xi= % X(1,j =1,
n), i ERICES 0OBRBn R ] 1
95— R AEK,, Xy EBPRB L E b E
OMEA] KE->TRELETS] L0l L%,
[MEAL WoXtd BT EEE, postulate/&E L TLZE
3T EILE-T, 20 Al KL »TOEER
HHERDOIEAR] ZRLTLEBS EVIHRE
LT, # Y= VRERERERLTVSD,
IOIXEZFDEEFFIRTH B, RBEE
{Zno more probable than & & 3 @ &% 4y not
more probable than® Z & TH A 5o

It might fairly be objected that such a postu-
late would be flagrantly ad hoc.On the other
hand,such a postulate could be made rela-
tively acceptable by observing that it will ob-
tain if,for example,in all the world there is a
coin that the person is firmly convinced is
fair,that is,a coin such that any finite se-
quence of heads and tails is for him no more
probable than any other sequence of the same
length;though such a coin is,to be sure,a con-

siderable idealization.

Bz, TRS] BHELV] EWIEAE,
BiED D OREEE FRNESHECHEES N
3ZTOIMHELWI]TH BTN, [TH,PSL
Sl BHELVIEWIBAEOIELVIR, £0
NRPEX JOBAGEEHATH S L IEVE
WTHAHD, EEE, [HEMLLLE] TOFELW]
HES] TOMFLV XD SEBMNICX DY
BHEABTH S EEE @EOIMEALl ITE-
TR EARVRTTHBL, TR
TB[—RRE IDEOHFEE, BALRLLOMOD
T—RER AR (R L0bWwBHTRIESHP

W ® 45—4

TEWH EHIBRETHEV) REEBOER
ERTFORCBDTLE-T, GEHLTLES
BEEVWIR LT, LS L]

DEWSIMBEITTEELEHEVEHVTHAS I,
FoTH Y= VR, THA] g s[—hkad
SEoEEEHRRES, [EALl K&-T
DEBNHROEAZRIBINZEELIELN
LZDTH 5,

E T AT DO[EENIER, quantitative
probability &\ 5213 §3.3,33,0 3 FHD
BE,BEHLEOTHED, IhEFIFEK
Th b,

To begin with,let me say precisely what is
meant,in the present context,by a probability
measure,this being the standard term for
what [ would here otherwise prefer to call a
quantitative probability,and what it means
for a probability measure to be in agreement

with a qualitative probability.
LI OREDBFEEZDEES(<,

A probability measure on a set S is a func-
tion P(B) attaching to each BCS a real num-
ber such that:

1. P(B) > O0for everyB .
2. If BNC =0, P(BUC)=P(B)+P(C).
3. PO=1 .

This definition,or something very like it,is at
the root of all ordinary mathematical work

in probability.

LIATE3ILA,D2BEHORBRETY V2V
EHESADTWS X5, THERRAIE, prob-
ability measure] &\ 3 738 X 5E2MEK P
FainiEt & OEBETERSNZONEBTDH
50T, ZITRXIREX D BETEERE
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R OFEHWEILET S, UBY Y= VK
12 825,14, D KE DB <, The notation
fwill be used to denote an act, that is,a
function,attaching the consequence f(s) to
the states. The notation f is logically a better
name for a function than the more customary
f(s) for exactly the same reason that the
word “logarithm”is a better term for loga-
rithm than“logarithm of x”would be. & &
BLTLEY, Coficinid, LogEsd,
-*is a function P attaching to each BCS a
real number P(B) such that: -+, & T 9
ETHH9,

% o EBHIHERDEENERIC—H T 3 |
ERFREIVD T EMNEI3,34,OBHOEET
EHRINTOVEN, & I TRIEEBNERISE M
HIHERIC—B T 5 (b 5V IdEKIc— T 3),
-(strictly)agrees with-- |&[ 3 & A & —20 7
%, ---almost agrees with-:-JE D> D[ —%
T3] BERESNTVE, (CEBMNERDOTEH
LLBIR) INOZWRT BLRDLH LB,

Edho PHSLOERIIMERTH 2 L1, PHS
OEMWAESITH LT AL [HR] cBiF 3
BRERIW L) EREWES R BERTH -
TRD1,2,3%F/13EThHBE, THET 5,

1. FEOERX LT =PX) .

2. FEOERX,YIIH LT, ThookFEE
DWETHZDHELE, PRUY)=PX)+P
M .

3. PS=1,

EFo PESEOEEBMERE L 2 EHMN
WRETZ, 0BG, PE<*IT (FKIT)
—H9T 5L, EROFRX, YL T, P(X)
SPY)EXZAYEDREER B ETHBE,
THET B, TP <+ RIEBEAY—HT 2

L, FEOERX, YIS LT, X<*xYES

PSP EBbcEThBE, EHET

S = VEBSRICB Y 2WEworldic>W0WT(5) B
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%o (COERICKOTERE] 25ETIEEAL ]
LBBTELEYWHSLTH 5,)

7. P6'RUK 6 Q%

EO/NMEPG 1, §3.3,38,0%ETH Y Y
K#wP6' ELTHALTVWSE ((HAJD) &
HERIERNOEF LB E LT, 39H, 540H
KPITTE3IDKREBTRRENTVWS, F1t
SAE M LABEICH T TDOINE E A E—RER 4 E],
almost uniform partition|, [¥§%5, finel,[13
& A EFE%%, almost equivalent |, [ B #¢,
tight, 72 &icBAd 23imiL, P66’ oFKEo
B E O OBEET A DICERENT
WBEDTH 2, TOP6' DHRBEIRRTH 5,

P6’" XKUY 2MER] SOEEOEREL
<xZ[EAAJOEHNHERET 5, TOBE,
XI*YB o, SOb2NHBEALALTED
BIBZIZX LT, XUZ<*Y,

IHIRERLINITHLSEL SFICHITT
DE%EE, BHO—XE2BRVWTHIHT S &k
TH 5B,

Suppose,for example,that you yourself con-
sider B<C ,that is,that you would definitely
rather stake a gain in your fortune on C than
on B. Consider the partition of your own
world into 2" events each of which corres-
ponds to a particular sequence of n heads and
tails, thrown by yourself,with a coin of your
own choosing.It seems to me that you could
easily choose such a coin and choose n suffi-
ciently large so that you would continue to
prefer to stake your gain on C, rather than on
the union of B and any particular sequence of
n heads and tails. For you to be able to do so,
you need by no means consider every sequence
of heads and tails equally probable.
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BlZiE, FOMAAlICE »TX<*YTH 3
L, —HTHIE, —Koa41 v EEBEICHS
TREAT, #nEMAELES TR TS E
Kk -TELNE (REOERNER] HIE]
pTHB) B LTHR] LhoRIRINHE
T5L0S, BBREOEREEDSLSDET S,
O, B EFoREEME THITERER
EEEROBRMIIIETH 508, BEBRERE
MR ks (TExlE] SRR, M
R BEHOERT, T, - Ta,M=2", ~&5
HINBEIEENB, T5EKELI=12,,
Mz LT, XUZ<*YH B0 Y<*XUZ
THBH, FAIMEAL BPESOHMHDOHD
SNtcad vEBAEELO®RT EFoREK
mA[ RS KB NE, [8IEZ,i=12,M
WL TXUZ*Y) 4, Dis &b 2Dl
AllicE-TIR, WhadhadsEitsslT
SAYUTIRENTH A D, L LMEDOERT|H
L LE] KBWTHEWCRETH 5, 2
& 0,20, 2oy BTHER L W04 5 —8R7G5 45
BTHB, BELRKET BHERRTVDTH B,
LTATX* YR L, MEAlcL-
Tk, XE0 YO EBHEILG LWV, %D
(¢ <ocklLT) K Ulee ,X]&b &< Ule
¢ YIOH52EECE-TETHS L LTES
Lwh, LWHhIFTEENG] ABE2ERTETO
bDTH B, L LIER] podhid, Th
BIY<*Xiidd o9 L) XIBER
X - TREN BRI R T OTH 5,
EHP6 &, <* B<*HTBIEEICEK -
THASNIHERZRENBTEETIIEX
<k YZERTX, YOI (EWHETE
HoTd, o TETHBRImEHESFIC] K
KN BMBERSETHAHIH) [BA] K&-
<o (BELED) BESHNAGERIFELELTY
BEAERBLTVWAEES>THB, 2FD
P6 lck-T, <* & (HEENERPZO
BEBETIREW) KROFBIRTH 5 &0
IKRENTVWBREOUDTH 5,
ETATIDPE oy v VKORRE:

2L

=4

W %
WHMIZD LEABELTAS E, EREE €
PR <« O—REIIIERE (0% L4
fHicoQLL,QL2,QL 3) & <x ItBiT 5 EFP
6’ 5 * iz (HgI) —B T 5 EBKE
RO—BNEEZHENTWE I L LK S,

HEEE  §3.3,37, 0 FE 3 |OIHHOKE DT
5TH B38EHDPart 5 THRHEI N TV 357
&-T (w={0,1,-n,-}, 0 SHEE3H
REOLE, & L0 ,EROBERAINLT,
=5 DOFRN(Xn, 20, Yo ,nE @, T, {Xn, Za, Yo I
AT 3588 THD, Xl *YoUZ, Y.< *
XoUZn, XaCXar1, Yol Yari, DD Zen < *ZN
~Tor 1, ETET T O DODELET BT EMBRES,

CDEHIBESHOTEINICL - T, FZEX=
U{X. In€w },Y=(U{Y. [n€w HUMN
Z. | nEw)ET 5 E, AXT 2%E0E (X,
OB, EIbA=XUY,XNY=¢ X=x*Y, %
e XYW BEETLIEBRES, BB
T P6'ick) N{Z In€Ew } =x¢ &
35,

BB D= HMEFIOFEEERTRIC, 47 =
JRRBROFEEABRONI (b 0WRIEEA
LAREND) FIALTWA LS TH B, 2F0,
[AZETRBEVEBOEALL, ¥hREAL
OEBEDO KR ET 5, ZOBA, EEROx
CEAICHLTH ByEADRELEL TR, K S
E, b bANDH BEREE L TEROR
EwltWH LTRUM),fin+ 1)) £V, H#
[B;Z# (depending choice) DJEE (H 2 WVid
AE) BEE-TRHENLTVWEDTH B, &
BHEETNELOWR(W,/G+1)),i=0,1,,
n, %12 RHNGC0), (1), f(n)  fn+ 1)
YEBENREWETER LTS, [BAl OmE
WWRFF] n+l, n+2, n+3, BN THD,
HHSETE L TV ARG OB & ABWIC
BELLTOWEY, WS TETH B,

LTAT (EENHEEROER, P6’ KRR
RoFHILLD) EEOEFVESE SN BT
EHRENBOEN,—F, A S 22->0
W ESEL, IOREALINSDBOBD

45—4



1996.3

0O CEREL, ¥5ELINLD
BN %o DA FESEIL -, L0 5 ES
HORFN%EZ BDRHIE, BmE wFHH DB
e B W THIMER icxdtd 22»Hofa~0%
SEB, 2EOSIKHT B2 EOIEP S B —
BEIR N, BonszEEins,

D& R—ERBHEORTIc X > T, J 72
LENDESEI TR, MR, BIHEICHLT
[HeR ]| 1 /MBS ENdT & &30, [
RIOBERO[HER |2 TE52 L&D,
ZORERELTSLOERNMERPIEERS
BT EENRB, EOICE I OPMEMNTER
<* KEgI—HTLEDd, TL—EBHK
EEBHTED, mENB,

Ty Y= VRRESIZIOPIK LT, 20
BPOHbRITFEIcHs L, o0, A%
BOERLELaZ 0D EIMUTOERDE KL
T3, CO¥E, BCARH 2T H 5HRBIE
LT, PB)=a*PA) ] RS> &%,
ALTVWBDTH 3B,

ATV VWEERSWA 2D I §3.
3,38, D 4 | ARicH] <o

<+ isboth fine and tighf,if
and only if,for every B <+ C,there exists a

THEOREM 4:

partition of S the union of each element of
which with B is less probable than C.

T s 3R OEENERER T, F1t
#¥ciE, < - B(COTFHOEBRTHRRENE)
P6 icHY T 2B EK T EMBERSH
Twb, 2FD, [<-HP6 YT 2HEE
Tisteg & &, <o MHEE fine [0 BHE,
tight [ THBEI L&, FETHZ.] L0
DBEZDEEONETH S, & ATMHEE]
DEFEIH, WileyhRD36EH D SSTEHICHIF T
O—X Tl&, If and only if,for every B > »
0, there is a partition of S ,no element of
which is more probable than B ; <« is fine.
ETL > TWVWAED, DoverfRCid, -+, no element

+ 7 = VEERICB Y 2MEworldicownwT(s) H
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of which is as probable as B ; < «1is fine.
LIE-oTVW3, THiFDoverlRDITE O HIA:IT
X NidMalcolm PikeDfEHEIC & » THEIEL 12
EDTETHB, LML I Das probable asid
XW&A» &3 #1idat least as probable as® T &
THA9 W-T, i<+ ZRALT—HKD
EHHEEREERT SO L TRIE, [<*x 5T
ThHdEF, ¢<sXEHIEEOXITHL
TR T 25 20EPBEELTE DL
EloBRHEY I LTY<*X, EWH T &TH
5EEHRT D, | B,

—HIRE| OFRITEHOBHOREDOK
BTEZEINTVEORY, ZoB[IELAL
[[1%, almost equivalent] &\ 5 EEHR DEY
BBHEVWSNTVWEDTHY, *DOEZEBN
nid, MXEYERBEALRIZETHS] &3
[XNV=YNW=¢,pxV,2p<xW%k .
e TEROV,WItt LT, Y<*XUVhD
X<*YUWIEWS T ETHB EERT 5,
LB, ZITELICITEEDOX, YKL T,
X=*Ye[XEVYERBEALRAZETH B &
BREMETHZ] L0 IEE,HDOZOESIH-
T, <*3RFETH b, &, ERTE2DTH
%o BBX,YORIZENLSRTIEEALHE LI
52 EBHSHTD B,

ECAMBE] THBE T EEXxYET
RTEBROX, Yot LTH BZBEALT, X
NZ=¢,p<*Z, H»oXUZ*Y]& iFEET
HEBRED, EE, [BEIZRELTBVT,
SOIBREBFOREZRET 5 &, [ X<x Y&
1T BXYPEAELT, XNZ=¢, ¢ <x1Z
EZmicTEBEOZIH L TY<SxXUZ|EiE B
2, TNEDITOXYRBREALFASETSH S
2, X=xYTEBV] BV, TEE] &0
IREICRT B EER D, TWERT LD
KEEOFREF/ELTBVT, [BE] T)
BWWweEd b, TOBEAXxYhD, XNV=
¢, 0<xVEELTEROVICIH L TY<*xX
UVIEG7ZTXYBEET 2, ThRERE
LR %, &TAT (MERRMETIED 3



62(428)

BEOFEORRICEINBIELALHE] %
BT 3 HEHZ VO TRITOBRICERNTS 5,

EZATLEOMEE 4 B3I« BREE,LHE
BTHBHEEcDBPE’ LT IEER
BUETH B1E B, ¥ VRIBIERRE
BETHBELTEHBLTVWADTH>TBL T
LET B, ETHELSHEDSRDS T LERT
72WITP 6’ 2 RET 5, [FEHE] THBI LG,
p<xXEFBEP6 Ik, [HAE] cxtd
2B B5NEBEELT,ZORAY I LT, Y=
pUY<*X, kORI, RITEH] TH 3B
TEERT XxY&EF 3L, P6'ickD,
MR cdd 23588 FHEL TZORE
ZIS L TXUZ<* Y, TTTRZICK L TZN
~X=xgp &g BE X=x S&#bh, § <x
YER-TYLS*SKKT B EE1 5, KT,
<k IN~XZERITINELT 50, ' =1
N~XEEL &, XUZ<xY, XNZ =¢, ¢
<xZ ERBD, LOBRETHERLILEDIE,
< WREIEB B, RICHEERT oD ICHTE
BRET 5o £X<xYLT 5, [EE] T
bBHDT, XUZ<*Y, XNZi=¢,¢p<*Z%
Wl TLOERT 5, —AIRBITH5DT,
ZDZIBIL TR licxtd % & 2 SEBEL
LT#DREVIEH LTV *Z, iz, TD
BREVISH L TXUVxXUZ*Y, #IT,
MR et 22 0EPHEEL TE ORI
Vit LTXUVxY, PRI,

LZATEIBOKREBBIE, HHHE)THESE
NEEP 6 DSERENB DD, FOEROERE
2R ERETH 5,

As far as the theory of probability per se is
concerned, postulate P 6 is all that need be
assumed,but in Chapter 5 a slightly stronger
assumption will be needed that bears on acts
generally, not only on those very special acts
by which probability is defined. Therefore, I
am about to propose a postulate, P6, that
obviously implies P 6 " and will therefore

g B ¥ B A 45—4

supersede 1t.This stronger postulate seems to
me acceptable for the same reason that P6’ it-
self does.

2FD[e,d X1EWI &) EERIEEROIT
BOAEWOFES OTREL, [HALl OfFH
—fRichhrb b, LHrLEOEKED MNP &
EiRfICARERTIRIEY, GRE#EE L To) /K
EFRFTBEEVIDTH S, CDOP6DOHEE
AEERETDH 5,

HEONEE, fgZiThE LRl &9 5,
72T <+ giRET 3, TOHA,
MR ISR s 25 2 0B EEL TUT %26
729, TOHENOEBRDO—> DI LT gDl
BEITc—8,T2L5ic LT, £Skoftio
WATHEEEBLLVWESICLT, B50h3
EfasntiTh%: BoBof g &1+5&,
£ <. ghot<e g,

ZIThER, <o M BEBF L OBHR
BEETIRAL, KEVHBETEH-TS
TEAl KE-ToiEF L) HEEZRLTL
BEIEWRBENTVWE LI TD %,

8. REOEHREQIERE] LOWT

X<xYEWR, ¢ <eockiETERDFER]
L Tle,e X1 < [ec, Y], &WH2ET
Hote 1222 Tle,e’ ,XIEid, XETHlc
DH%E, El~XETHES OLHERS, [HA]
DITa%RTDTH-1z, ETAHTPHICKD
< ecckMilI TR IOWOBEESRIEE N
TWBDT, TDLSMEc,d 2H 50 LHERE
LTHiFiE, Paicky, [ ,X] < e,
Y] EX<*x Y& ZEIEE S 5,

L ATITABOBEF RN LTE P2L0
BRI TR & 51T) > X DEIFHSPEY
HARICBATESEDTH T, £ITHRMEDE
OEMRHERE, X< *Y given Z& i3 [c,c’ ,X]
<o [e,¢’ ,Ylgiven ZOZ ETH B ELTIE
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£ THIEREYTHEEIEDLNEZDT
H5b, LipL, TONER] PRULT 57D
3, ¢, DEUVHicL ST < »given ZHE
FAEMFIAEEINRIFNER SN, 758,
~ZETHEC DB ERS & S ile,c” X]IEER
LEkfraER, (~XNDU~Z=~XU~ZE
T %, £1:XNZETcx2l 3, T7&cce X
NZ1T&H 55 5D <+ given Zid[c,c’ , XN
7] <o [ee' ,YNZ1EHW B, LALIHIEX
NZ*YNZITIEH B 570,

2FDIEMED X MR, conditional
qualitative probability | Z{TAM D&H-> &
BIFEZALCTEREIT 3 HEREL, X
<*xY given ZE RXNZ<*xYNZIDO I ETH
BLEEFHETS] EThiTEVvoTHB, 41X
<*Y given ZR[Y<*X given Zit 35 57"
Wk-TIEHREISNEH, chiFXNZI<xY
NZITIEPIE 5130,

¥ o0 E ISR ASE BRI E R
THbHIEEHRT DHBENS B, 22T
To<#xZEd 3, £9 <*given ZIZHERM
DO_IERARTH B, QL1 > F < *given
IO B EF I ch 3 T & id, < x DSLLEH]
ERE S L 2R T OTRD . i, XK
VYDV E DI@ERF 3T TH 2 LT B,
X<*Ygiven ZET B3 EXNZI*YNZ, K
QL2 Xy, XNDHuvnDHL* (YN U
(VN iz XUuv)Nz<x (YUV)NZ,
HICXUV<*YUV given Z, F/iixiz&h
BHnBohb, $ho<*xZXbQL3 &S,
DFD, ¢<xZEF 5L, QLLQL2,QL 3 i
<kgiven INE[H#EE] T52& &7 5,

iz, ¢<xZE L <+ FP6’ %Gk
THiT, P6' b [H#fs] 5, EEE, XIxY
given ZE 335 EXNZ<*YNZ, iz, Sicxt
T5H50UPFEELTZOREVIZIH L T,
XNDUV<*YNZ, F/, XUVINZ=
EXNDHUNZ) <+x XNDHUV*YNZ
Bt XUV NZ<*YNZBEBEXUV*Y
givenZo CZTVRIH3H5EIOEBDOET

+ v VERERICB Y 3WEEworldic>WT(5) H
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a‘éof\:o
1B 83.544,OFHOBEDCIEEL J%F]|<
ERETH B,

Turorenal If < +isa qualitative prob-
ability, then sois <« given D . If in addi-
tion < «is fine or tight, then < s given Dis
correspondingly fine or tight.

ZZTH<+DRFERONKHFEESNLTVS,
FEROBI¥R, ETRLAZE S, &
D EEMHIHER | PEHHHERICE>TVE L
W ETH B, BRFIMEEISIRHS
K[> & JOFE~E[BIE] T5LE0)
TETHBY, RHIFITSES.3,38,[EHL| &0
HEE TR LI &SI, THRE] »o[BE] LP
6’ LikRMETH B, ETRLEPG O
B 2BYOFREIEATVWE L EH B,
LIATHY=VRIIOIEHL ] OFHE
HIBELTWBY, T TREBEORIAERT
52LET 5,

EMRIHER x BIRFEITH 5 LIRET 5,
Flho<<xX&EF 3, ZOEE, ¢<*Y given
XEFTBEIxYNX, [HEHFEITHB & &
h [HRNCHT 25 20EBEELTZFOL
THZIXH LT, Z2<*YNX o & TAPINX<*Z,
WIRZNX<xYNX&H Y, Z<*Y given X
BEES. TTTIRMER KT 25 2580

BOIETH - 120

F<xRBIBE] THEEHREL, X*xY
givenZ, ¢<*Z: 3 3%, ZOBAXNZ*Y
NZEB 3, iz XNDU~Z<x(YNZDU
~Zo $1[BE| ThbsrT &Ly, (XND
U~DDNV=XU~DNV=2¢,¢<*V,(XN
DU~ZUVs YNDU~ZEGITVSE
T3, MICXNDUV<*YNZ, &I A8
V=VNZTHEDTXUV*Y given ZHHE
Do ENXNV=¢, Frd<*V given Z,

EZATIOIEEL LB BETY Y = Y
Ki3, BEREH - ZHEOIERIEShTL
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BERD, HOFNETOBERDPOUEI L%
EELTVWEDTH B, COBREEZOF 5|
QERETH B, (HUBBEHDOXDOEREDOL -
d<egiven D DT &ETHA9,)

If <+ is fine,then,for any D that is not
null,there exists,in view of Theorem3.3, one
and only one probability measure P(B |
D),the (conditional)probability of B given
D, that almost agrees with <+ . But,just
as one would expect from the traditional
study of numerical probability,and as may be
easily verified, P(BND) /P(D)considered as
a function of B for fixed D is a probability
measure that almost agrees with <« given
D . Therefore,

(1 P(B| D)=P(BND)/P(D) .

T I TRERNERNEEIOBAICERL
TWBY, EENERE«PBP6 (oF DK
& | o[ RE] ) ERICTIEEICR T RITER
L—H3 2 ERHER P BS—BWICELET %,
T COBEAREHTRLEE I IK(p<<xX&
L&D & EHRIHEER *given XbP 6’
2T OT, TNIEKIC—T 2 ERIE
L P(e | X) B—BHICHFLET S, £IAT

BOBERY WL TY;X)=P(YNX) /P
X EEDBT &L ->TERQ(~ ;XD ETEH
T35, THRERMHROEREZR T, —
H, Y<*Z given XEYNXL*ZNX & IE[H
i, F7®BEBLIPYNX)SPEZNX) & ZFE,
Fhehe PUYNX)/PX)=P(ZNX)/P
X) & iMREME, fic, Y<*ZgivenX&Q
(YV;X)2Q(Z:X) & idRME, 5~ T, EBHHER
QC+ ;X)L *given XIc—HT 5T &L &85,
iz, P(s [ XDo—BHEIckD, EEOER
Yo LTPY | XD =(Y;X)=P(YNX) /P
X)o

EHichicki BEESTERETH 5,

L7 45—4

As was explained in § 2.7, preference among
acts given B can suggestively be expressed in
temporal terms.Analogously,the comparison
among events given B and, therefore, condi-
tional probability given B can be expressed
temporally.Thus P(C | B) can be regarded as
the probability the person would assign to C
after he had observed that B obtains. It is
conditional probability that gives expression
in the theory of personal probability to the

phenomenon of learning by experience.

ARG FHER I (Glh > S BIF L FIBRIC)
VWhW BEOFN & 0D & D IRERIORERICK
BEEPic, % EERNIT, ERShE i
RNz bDREDOED, —F, EENTERE
OEEATINERATIES TR (PR V&MY
O BT EEBRIOBRNEREZHVS LT,
BIRLPTWHHSE IS5 T &8
TEBDTH 5, 4B, [T&ME>ERFIN
fol o 2 HER (OGS bRIKRIC, Rofihic
b EEVE LICk - TIREBMIZ, sugges-
tively ]| EVWERT I EMNTEEJENVI DRI,
b &b ERERBMNICERSINIERIONED,
CNEREFICRBELTLUE D LA, i
(oD TVWEHSKIBES L2 0EbE0)
EEE ORI E, VY = VROMNEN S, EE
KAN ETORETHB25 5, FIALEIE
o & JERP(C | BERMPIZEVRLTH
3&, THEAIES LIRITTIRS 3 HHRBY
BHTAC L AHELLELT, 20,
WOTERCHBRT A EINERST BT &
ERETHAIMRIENSITELEN B, BB
FERERIEE Wl LT 4 would assign tod
»had observed that & 2> i3, X IXTERBH
BHETA3DPELDBEE - [Ric), BRCHE
B a30EPMBEES] EVS LR, BHO
BRIEE LM o DIEE»B,CRIICE RO
HRBESNTVEDLITREVI E~ND(FE
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ENO BN EERELE > TWB, MBI D
[Gf> & MR, TEAIOTRERIC X 5%H,
learning by experience |& KITNBHEHR~ D,
ZOMEANICE > TOlHED S LE ] IWHESK,
KEAEBA2CLLbRBDTH 3,

BEY Y= VREFINCEHEL BETERYD
[37M:, independence | & [ME#E, irrelevance |
EIERLTOVEY, IhEFFERTH B,

In accordance with established usage,a pair
of events B,C are called independent if P(B
NCO=P(B)P(C). More generally,a set of
events are called independent, if for every
finite set of them,sayBi,-*-,B,,

Obviously,if D is not null, B and D are inde-
pendent; if and only if P(B| D)=P(B), in
which case D may fairly be called irrelevant
to B.

TZTP( D&, LoxDEL T,
BHROUHIBLTEE B[ UJD)Ho&s-> &
BIF<xgiven D L—H T 5FBENHERTH
h, = P(+) i&, given& WS> HEARNKSE
B EERICEHB STV, BREEF<
W—HT 3 EEBNERTH D, LTABLL
PB|ID=PBThhiZ, Disl &bBOIHE
o L& NicBid3fRY, given D 2750 H
DI hb S THERBTOBOFIIHE &
NEVDOTHEH» 5, given D EVHESEIR
(BEVEERDIDNERBLIEBTHS 1L
BVRLTHORYTREBVTHAI, £/22D
Ba&, korUlxaRic&d P(BID)=P(B
ND)/PD)THBDT, PBND)=PB)P
(D)BGEV, BEDERITHNTHBIE 5,
FroHic[Mirchd s ]EThEPBND)=P
BPMD)THBH, ¢<*D &b 0<PD)T
30T, P(BND)/P(D)=P(B), £ A

Y = VEBRICB Y 2 EworldizoWT(5)
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RkEOARIC LD COLEBIEPB | D) e L
WOT, PBID)=PB)»HEYL, DEIBEZ
[EGTHE| L1153, .

EHiIcFE/H§3545,0 2B HORETIHI &
#[/ATR, partition formula]E[ N4 XL — b,
Bayes'rule | EWEREINZ DI, 2 hagliF
EIRTH 5,

The following partition formula is well

known and easy to prove:
(3) P(O)= ;P(C | B)P(B)

where B:is a partition of Sinto non-null sets.
If ,further,C is not null,it is also trivial to de-
rive the celebrated Bayes’ rule (or theorem),

(4 P(BAC):W

__P(C|B)P(B)
“IP(CTBP®)

Illustrations of these formulas are found in
all elementary textbooks on probability,as
well as in later sections of this book.

Th 5 DARAERTENIC IR &k Rk
BIOBM A2 HATHERTHEELED, T
[Xi=1, mEZHRNE, 2F0XNX=4¢,
%), %9, FHEOFNETEE, P U U
Xa)=PX)++PXn)ol LWV DI
m= 2 DHEMWMEETH > 1co m=1D
BARCRPXD)=PXD)LXVHEH»TH 3, m
DBEERELTm+ 1 DEE:2FTEIR,X
U UXnd X1 & OILERHZETHEZDT,
EEMNEROEZR(CB T 2FEMELRIcXD,
PXiU UXaUXnr1 )=PX U UXa)+P
Kar ) ER BT ELEERETNIZ L0,

&I ATREERNL, XEEEERTEEE L
HIDFTRBVWERET 3L,
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P(XNY)=PX)+P(Y | X)

MM TBENITETH T, ETHBIN
35S EHROMTER ICEET 3EFX (20
HTOFAXHOR(INICLVALHLTH 5,
L LIXSEBE ERABEO B &1 3 PY | XD
BEROEKEAE T LHENT L, [EE
+RAME] oA Th, LFoERRBO=0(=
0 +P(Y | X))&ERYRRIT 30

WICHEARERT, X,i=1,,m2 R ]
Sicxtd B8 E LRI ER L ARG TR
BW]Ed B, £EIATEROELYE,Y=SN
Y= U-UX)NY=XNY) U UX.N
Y EnEasnG, WicEENIcLDP
(Y)=PX:NY)+-+PXaNY)o &I HHHE
BRI PNY)=PX)P(Y | X)o
iz, POY)=PX)P(Y | XD+ +PX)P(Y |
X+ +PX)P(Y | Xa) D35S,
L ESITNA AN—VERT, X, YEEE AR
BRETIR B VWER LT3, BEEICX D PX
NY)=PXROPY | X)o &TABXNY=YN
XEDPENY)=P(YNX), % FHEEAC
o PYNX)=P(MPXI|Y) , #icP(Y)P
XIV=PX)PY |X) , TTTPY)=XO0
THBODT

PX)PY | X)
P(Y)

PX|Y)=
BEED, TUDBRAL XN — V@SB,
Lz ATEDBIAXhTRMR T 543
HEDFEETIOARMEREINTVWAED, £
ZTXpi=1, - mEMHR G T 258 E LT,
RIAERE FARAETREVW]ETEE, TO
BA FoRA ZV—VOXAEXICBEEA T
HEAOHFOPY) e LT o5EIX,i=1,,
micBIT 5 08ARESTRDONE, v T =Y
EBERLTOBHERTORS V- HE 5
NBT&EER B,
STk BB IERTH 5,

2

wmoR 45—4
Finally,if neither B nor C is null,
(5) P(B| O _ PCC| B _ P(BNO)
P(B) P(O) P(BPC) '

which may be given the suggestive reading:
Knowledge of C modifies the probability of B
by the same factor by which knowledge of B
modifies the probability of C .

2 ZTOR(5)REM> ZHEEOIERENI0E
BT 3ER(1)IVHESHED, 9= VKL
BEELTVWADRZDERTH 5, T TR
BRI EeA LD 5, the suggestive reading |
EVWSEBIR, itk -TOARROERIIA
BMOKRE| B EERBLHITRERS MBR
NBLOEORED, [HEl VI IBEELFED
HLTZOR(B)EHEALE » TR 2 & gD
MR L2 WERESKIS < 0FRckEEdT 5 &
ARMBBIENDFERELTHERLENE T
W53, 2D ORI, [CHBERTZIEVS
[RE (B @A 2 &g 2 AL
DIHE» S LE1EELS 20N, [H#E
ZEEBOFOIHELL LE IETHIOMA S L
x| LD, BECEDEEEANEELT
&MLV, #-T, —ABEHETEEND
FmEk s 258 T 2 2 LB L TR CRT
BT 5,

9. WR—AEROFMHIEJIFAD
F#&E] (20T
CITEP1IPOP6 E TORENKMHESE
BIFALTEET B EWS T ERERT 5,
LTl BET AR THR<E L5
BRI ERLTVWADTH B, —FH¥ T =
VEKBHRCOMRBEEE, EHIDEINE
M BEREHOhTHE LML LE -
T, EBICRT->TWELWOTH B, WBETF
TG ZZIF< » given X,< » given X%
BOBDO vy, <{xtFEFTEWBHB, &,
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XEHR, a,b%TALETEEE, a<bgiven
X&dlab%, Xkidzosk c~XETt—%
TEHELSILAEBRERE L DE, BOBOD
a’ b &9 5% &, ZDERORRICH b 5T,
< b JEWHTETH T,

FTPLICOVTHER B, TOREETEAL
OEGFHHEMBINEFTH S 2 &, % p KA
HetE EHEBM S 2T C LR EHE T S, 2T
TXE2HE, a,b2fTALTrLE [alxbdH 3B
Widb<l - xal®Rdo ab%, XEiZEOEE
T~XLET—HT LI REBREELALBO
Z,B0OEDa" W 95 E,P1OHEAEEM &
v, la/<+b B30IV <La' |, BiFZDE
B, P2 RUEHES ZBIFOERICL D, a %
bAPEW, FHBEOESEb +x aldiftd,
I, E5iexfTAE LT, Mal x bhrobL
cxcE o, al xcl®RT, ab,ec® X ki
ZDEEFT~XET—HIT LS CHERICER
LicdD%, BOBDa " b ' &95L, [
SIXJDHIED 5, FE>ERIFOERICLD,
Fa/ < ob' o <sc IDHES, Bz, P1
OWBHELD, o’ <+ HRiT, &> XEIF
DEFIC X b, alsxcDBRED,

WIZP2ITH>WTEZ B, X, Y2ESE Lab,
'\ ETALT B, £/akbkta’ &b’ &
BOBO~YLT—-HLTWBEEL, —F, a
La' RUbEY ERBOBOYLET—HLTL
BERET B, OBE Tal »x bEdiFa’ < o
b SRS, EE, ab%k, XER3ZFDEE T~
XET—HT LI EBEELLbD %,
BOBDa" b &35&, [HHIT] OEiEER
ETNE (G- HBIFOERICLD) a"< -
b WHEES, TTTa" b A, idE0EETX
N~YLETa bV ic—HT5LIcBELLD
D%, BOBDa"bv'&45E, P2LD, a”
<L b” BRI, ETATI DA b"i3a’ b %
fhitzoFEFT~XET—HT 2L B
ERLIbDERBTIENTES, WiT, &
HEOXRBIFOERICLY, [R5 ] ofER
"o,

¥ = VERERIC B BB worldic 0wt (5)
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WICEMS 1T OBIEIC>VWTEZ B, X, Y%
BHRELa,b2iTAETE, TOBEE, alx
b givenx Y& i3, Ta,b%, YEIZZDE T~
YET—HT 2L TR ERLIbD %,
BOBDa b &d5&, 2’ Loxb J&WH
TETHB, LEHET S, 2IT0a" b %
BEETsE, o/ <oxb &3, Ta' b %,
XtzozEo~XET—HIT 2L EE
KEEL:b0D%, BOBDa" b 45L&,
a’< b ] LVWAHITLTHB, ETATID
a”,b"i3, a,b%, hiZF0FE XN~Y LT
—HTALIERRERL, ok
ZEDFEEFT~XET—HIT L FERICER
T35, LOIEEILL-THBONLEREES
P, IHIKERIAER, a,bEXNYEZZFDZE
EFT~XU~YET—HKT D &5 cTB LR
T3, LVIHIEERLI-THELINLERETC
LIPTEZ, W-oT,alxbgiveny Y&ale
b given XNY L ZXEETH 3,

RITEBRERAEETH B | Ic>WTEZ B,
XYZHERET B, COBE, YR »xicB
LTEBEAEETH 3] & RIMEEDITAD
Bl Ta»xbgivenx Y] EW0WH T ETh 3B,
EERT D, £IAT, XK kBELTE
BERAEETH 20E 5, YIR< +xicEL
TEBEAUETH 5, TOT & BMXHERE
ERAEETH 2D S5IEXNY & ERE F AT RE
TH5] &05 (BHEREEHSHL) TR
FOES, EBE TXIIEEERAETH 3
LT3, BRIk, [EBEDTAabIEL
Ta<*bgivenXl, 2T T, ab%(iz# D
FETOXN~YLET—ET LI REBIE
ELibD%:, BOBDa b &45&, o/
b given X, &5ica’ b’ %, XbizzoF
T~XET—HT 2L EREE LLLD
%, BOBDa"bEdsL, a’b, &C
ABZoa" b i3, a,bEXNYdE0EET
~XU~Y ETCR—HTILHI TR IEET
BlElickoThicoanhizs, Risdo e
TE507C,[HEEDabic L Ta * b given
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XNYIRES, #ic, EoBRETRLELCE
kb, TEEDabicxt L Ta  xb givenxY |
WP ito>WTEZ B, X, Y2EF & L,
¢ EMERIET B, B RIERIczd0
T4, 2 0MtR] SETlHERIcDA % E
E LT AERNIEERE, (0 ERILT %o
OB, TYIR< » xicBIL TEB L ARREE
VWHIbTFTRBVOELE, HI< 3l
¢ Y< » x{cygivens Y& ZEIETH 5.1 HHRE
5o [ JOIREBHE SN TVWBEDRSIE, |
OBRETRLZZ &I LD [XIFEE AR
EWVIDFTRIEVHIT, P LD, DL o x
(& DL (b REETH B, LIAT
< ey givenyx Y& < » given XNY & E[EET
BHotrd, ABORECLD [XNYIRE .
B L TEERERHRE] cidd 57, Hic,
P34y, &)L o givenXNYEL D
ey Lid[EfE. Plbick ol |OFERMBRES o
WP 4iz>WTHEZ %, ABXEHEE, c,
¢ d,d BRI LT, &H< (o, &>
(D ERET B0 F1z, fARULEBOBDA
RUBETI#R 2T 2603174
L, gk Ugs%kc,c 2d,d KBEHBZ S LI
ko THRLNBEROITALT b, TOHEE,
I—ng cx f3fd 5 GigAg *x gsjfﬁﬁﬁ 2T & %7.‘_:\.
To fa,fe2X E3Z0EF T~XETHE DA
EWBLSRER LbDEBOBOL f &
T5&, MMod] OoFikERET N, FE
DEBIFOFERICLD, /< RS,
T TE ROty i fic,e’ 2B A, Tho%E
fld,d KBEMmIZILick-THRONZTA
%, BOBDg kU £956&, P4Iic&kD,
g < oge BRED, & T A, g ®eUgs’ I8
OBEDg K UgEXE3Z D% ¥ T°~X L THE
dDHEMBEICER LLbDLRETTC
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EMTEZDT, PLRUSRME S &BIFOER
WKk, gl x gD,
WIKPSIK2WTEZ 3, [XEKKEEATEE
TREWERETEE, HEERled PERE
LT, &< xledot®mds PS5 KD, <D
LA s TR le,c BEET 5, P
3&b, XWEBEARFRETRAVWET S L,
{ery<» {c' ygiven XBHED
RICP6IEOWTEZ %, X2FRE Ligk

AT COBE < x gl biE, X
OTEER oot UMt R ISt s 3 & 3 53 &l

BELT, gk ZongofR B EINE
L ClEcoAEMOSETRZDOE EOEEIS
F5RERLLbOR,BOBOI g LT 5L,
f,<‘ng.’>’)f<‘xg’oj%7.l—<a‘o f<exg%
RELcEEEOIER] &35, f,g%, XE
R2DEFTC~XETRECODHERMB LI
A Lcb0%, BOBO g ETBE, &
o XBIFOERICE I <-g" o B, P
6 LD, SItHT B 50ENEELT 8"

&, ZONHIOERICEINIELTEC 03

EMOSETREZOEEOMEEIS & 5 IKER
LicbD%k, BOBOg"td5E, /<.
g” hof<eg” , TR, fEMEZO
¥ ¥ TZONEOERICEI N E ETlico
HEWB LI EELTHBONBITAL %2, X
FRzoEETc~XLETHcoAEZMB LI
SOoREFLLbOE BT IENTESL,
Fhg'ld, gaXtizz0FE T~XLETllco
BERBZEIOICEELIZSDTHEHP 5, P2
RUEM-> X EFOERIC LD, ("o g" »
Sf <+ ggiven XD D, TLFBEORERIK
&b, f'<og” B5f< g given XIS,

19954F10H 4 BHGK)



