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Abstract: In a quantum-Bayesian delineation of quantum mechanics, the Born Rule cannot be interpreted as a rule for setting measurement-outcome
probabilities from an objective quantum state. (A quantum system has potentially as many quantum states as there are agents considering it.) But
what then is the role of the rule? In this paper, we argue that it should be seen as an empirical addition to Bayesian reasoning itself. Particularly, we
show how to view the Born Rule as a normative rule in addition to usual Dutch-book coherence. It is arule that takes into account how one should
assign probabilities to the outcomes of various intended measurements on a physical system, but explicitly in terms of prior probabilities for and
conditional probabilities consequent upon the imagined outcomes of a special counterfactual reference measurement. This interpretation is seen
particularly clearly by representing quantum states in terms of probabilities for the outcomes of afixed, fiducial symmetric informationally complete
(SIC) measurement. We further explore the extent to which the general form of the new normative rule implies the full state-space structure of
guantum mechanics. It seemsto go some way.

Pirsa: 09080018 Page 1/74



M?f Favorite
C./OY'\ Ve X SE’_,,_\_

(N\'\f Favoerite Shape )

Wevrk with .

Mﬂ.fc.-u.s A??‘le,.‘ﬂ),

u -
Asa Evicssown

Rud?%Ef Schack




arXiv: 0906.2187+v1 [.cLunh‘\'-f"n]

W : — ;
&umﬂ+um- E:lcx.?te.'siaﬂ h_fclﬁr'\&fe.ﬂc..&,




tve Comsequence

= amn expevience, E, the c.a.‘l'n\ya"\'
/ = 1unn+um
f f/ 5}( 5+l—‘hﬂ
e
1) @ /i H

T

={E:} JaPovm




DE.-Y‘\ 5'1"('3- O$eWa+cws
- ' 3

Inﬂ&qf

/‘/ op e.ra."h:rs

0 € Z(H)
T2

vector space

c.r.d“a'\aoa, of

Lhﬂc,t.v'an'xn”k"rE.E

LA e
N convex null of the
r° set 1)L e !
3 N(p) 20
g

4
¢1ﬂaﬂva1ua5



tve Comsequence

= amn expevrience, E, the caﬂ'q\ya"\'

Vo T

o

1) @ &Y Hy

i wi X

= $E:} aPovm




Den 5\ Ty O_?e.v‘“a.."\"o\r"‘s
- F

limear

// op e.ra."h:rs

0 € (%)
S T

[ vector space

c.:ﬁ“a.\ach, of

Lhﬂc,Lvan'xn”k"ie.ﬁ

L s
N S convex hnull of the
r° set 1)L e !

3) N(E)2%o0
g

a4
erqenval wes



tve Comsequence

= amn expevience, E, the caﬂ'q\}ra"\'
/ = 1’unh+urﬂ
f f/ 5}( 5Jl'l-wt
17 A Ha
9 7

i actson

=§E:§ .aPovm




Denn 5'1'\'\; O?ew{\"ows
= T

'i'r'\t’_rcl.'-"'

/L/ op e.ra.'\'urs

0 € ()
T

l’ vector space

c.:ﬁ“a.'\ach, of

Lhﬂc,t.v'an'xn”k"rE.E

conivex null of the
2) v = 1
L R AL 225 AR TY O

3 N(p) 20
o N

a4
erqenval wes



Calculus 1

C;E—.mrn.ca',('e,v’*l
C.aleuSus L

Ca‘f\nﬂ‘ﬂ,d“‘@-f 1_,
szkt..u"luﬁ .

C-'\An.wa.u.‘{'q.va




tvwe Comsequence

= an experience, E, the caﬂ'ﬂy&"\'
_ = 1’unh+urﬂ
f/ f/ 5}( 5Jl'l-wt
1% 7 M
@ ; f

i action

=§E:§ .aPovm




A 5a.+i5-?a.c:\‘ow); bk it sl
the actual (nbjaa+1we) chavacter-
istics of +he imﬂ\ﬂ_\_mm wov ld
should covifamm no 1¥D% & all.

Really. Y




The Borv Rule

Givew 2 and 1E:%
A \

clluatn‘\‘um \ PovMm

BJTG.*E.- Y E.A Suy Evyre ™

pro——
: P(L) - -\"l" ﬁEL . Beovrwn

R»..-_ﬂp_, -

e e T e S gl




The Born Rule

Givewn /o avia J1E;t 3

/f é POVM

%Mﬁﬂ#um

5%*1-\-?_: red SuYyaermern
!_ - ko] " The
I L — E_" Bavwn
& P(L— ) '\'*r‘ /O = | )
i 3 R\AI'IE...

NOT a, \mw ﬂji: ﬂasru'r"ﬂ_- =

RP\THE—P\. SDV‘F\E.-.\-L\;H% we E‘Aou"wl
stvrive Ter.




THE
TEN COMMANDMENTS

® Thou s\halt ﬁn‘\' "RR A
e Theuw shalt 'r'\n'ﬁ' steal .

¢ Thow shalt »m:.'\' cawa+ Jr'*n‘y
y—-.e,]%"h'\::nr’:. W'H:e.. .

e Tre Sivrstling of avr ass theou
Sh q'1+ Ve,cte,e..m w'tjt“v-u (= "ia.m‘n.

L]
-




D &Q\ﬂ‘(‘-&ﬂ% Pe Means

oOne Wlm'l\ 1ﬂm?r or 55\\

a \e‘H‘e.,w)( +icket

Wovrth 1 § E

-f—r_:wr‘ ﬁp,& "




D -u-~.';-.‘ L"‘ﬂ f'_:'j :}Gk

P'IC-\.-" m&-\il\f‘?_’ RM“LE’.J .

Never declave Pe » PE 2 Peve s
efc. Ythat will lead Yo sure

loss.

1€ <0, bookie will sell Yicker

for ﬂe..%cxji‘;we, mcrﬁe?v. Su.re.- \oﬁsf

Exam?‘l& :'-L'.

Ts_-“; PF-> 1. N baal‘-‘\i& wx“ \Du}/ ‘\'1&‘(‘\9.*'
Love wnsve Than iV is werTh

"oe_,g'\' case , iuw‘e_. lla'sf:_




E_quP\E, s 3

EJL&??OSE.- E ﬂnA\‘F mm’\‘uq“)’

exclusive .

r\ﬁi‘or‘\”\n 1 ‘Q—_ E\;FEI .

[(Work\h 81 i€ E]
[Worth #1 (£ F

.1'5 etiuigal F'_vr{'
o \au:ﬂw% {‘L-:EJE.’

3 i

So mu3+ have Pnr-‘J Pe + Pr &

Exam‘:"-& 4

[ Worth #2 F E

. Yl
Pr\C_E,? E’TPF_ oX course .




,,
-
(0

'*:H«-aﬂ 51::}\&\.’" Cjﬂwok:l.l\'iﬂwq\\ l‘.o%&vi&i:

_.I."; E_AF Ca'*.\.fe-r ‘f;u."'hk ?T‘;CEJ }\DL{E
-\‘F .F V&J\"Mf‘ﬂ ‘r’ﬂc‘:rﬂi',.ry -
Thus &
Wnr]t"‘n #l I'F E.A-F; . $
FT\C.E.- PE[F

wﬂf'i“ﬂ SFE!F I.F -i:_—r

But .

rWor+h $#1 1f EAF price 5‘-’-’-&,\1:

I]I Wortw #p. o & F price *pecpr

-

v -E..f:..a.u e,xamf:'le, L

So waust have &

Pele = Pea® ¥ PeiePF = i PEAF = PFPeIF




Exam?ﬂ&

Ome_; C,-GV'\-\_E,.VHF\Q'\-E.-E Jff-l\l’\.l‘r“'\%,
P(‘F3 = (0.15

P(E‘.F) = 0.50

P(EAF‘) = O.70 .

Owve couwld %qm\o\& et Wﬂ.f‘
‘Ou"r t'\' w::u\c!lw"lr be Jl'ac wWiSE .

Neot calimsrent 2

Nov mq“i"\va P\u\e_, :

Stvive for coherence .




—r

.-""-_ r"-'
~ A o e =

W .
N e

{'D

. a3 |
LA )

o~

Coanssdasr conkillannd Vilimeine®

1‘; E_AF Ca'*.\.-‘e-r 4“\‘\ ?T‘;CEL }\DL{E
-.'F .F TEAJ\"MT“V\ ‘r’ﬂmﬂi'..r7 a
Thus &
Whr:’r\n #l l"t-: EA-F; | $
FT‘\C.E.- PEIF

Werth #po_ .. f F.

But .

rwa+h ﬂl 11'; E.hF F'r";d.e_ ﬁFE.hF

I -

(Worth #ppe is F price * o PE

re Q:.U e,;-f.amf:'le, L

El: ‘rﬂuﬁjr l'l“\ﬂ.\fﬁ::

3 | _
Peir = Pear ¥ PeiePF % il PEAF ~ PrPeiF




Examrf:\e;

Ome_; Lmﬂ'\'&mF\Q'\'&s chl\’\.l.ﬂ%.
P(F3 = .15

I::(F_‘.F) = 0.50

P(EAF‘) = 0.70 .

Owve could %qm\o\& ot way,
‘Ou"r 'l'\' Wnu\c&w"lr be Jl'an w'xfn."_.:

Neot alsEarent 2

No‘r mq“i"\ve. P\u\& :

Stvive for cohevrewnce .




-ty -

e O Y

o~ ,;-""
\ |/
—

{'D

5] =4 I \
Er D \ LA

_.I."; E_AF Ca'*.\.-‘?.: ‘f;u.."'l.\\ ?W:CEL \Du_k-

-.'F .F \"'E,.'k_l.k"l‘“ﬂ ‘r’ﬂoﬂﬁ.r?/ -

)

III I.ill"‘tl \AE} r

— e

Wnr]r"n #l l"l: E.A-F-}
Werth #po_ .. f F.

price * Peie

But .

FWhr+h #1 11";‘ E.hF '.:”-;"E' ﬁFE.AF

b = :
| Wor+h # Petg '+ F price 5f‘s.u= PF

-

re L.a.“ &xamf:'le, L

.
iy
L

o vusT have &

Pete = Pear® ¥ PeirPF = i P EaF = PFPeiF

——




Exam?ﬂ&

Owe_; Laﬂ'\'&mF\Q'\'&s Jfﬂ\l’\.l‘r"\%,
P(‘F3 = .15

P(E‘.F) = 0.50

P(EAF‘) = .70 .

Owve couwld %qm\o\& ot Wﬂ.f}
‘Ou"r t'\' Wnu\c&w"jt' be Jl'&cm wWiSEe .

Neot PP, S - 2

a’k"lfov mq‘%"\va RM.\E, :.

Stvive for cohervence .




p i p(h)




f . ;

“standarad”

the.

EHEHJ"HH'! mtpmiurﬂmah‘\'




() ™
DUYreouw oYy SJJ\_&V1C1&T&.5

rd

C

ks A

F

;i

L




—

A \ J \ \ \ A ] o
A Yery Fundamental MenT ¢
]

Caves, 1999
iﬂxu\n &

é_u??use_. a* Frai&d\'cfs W{’_:lv’:ﬁ}(‘ﬂl
5q+;5‘ﬁ:y;ﬂ%

|

+1-"TT11Tj= d 41 3 ‘.-4&:"

E.r;'t.'l ErJI' .

C/nﬂ P‘!"GVE,..
1\; +1'he_, T{;_ \Ii.ﬁ-?_,qf'l'.f 'u-u&e.Fe,walem‘\‘
) );:.TTTT; =1

SD %dﬂc\ 'gcn* E’-mrgam c‘c 5+aﬂ3\qra}15.

Also
g F(:’.):_:[ﬁ'w*/a-ﬁ;

[ o= E_Ln‘.(oh-f}i;(i} - jI]TTL

m—‘—ﬁ







Evioenea ‘g‘cw“ E_x;ﬁjr&ﬂcﬁ

P’\ﬂﬂx\\f‘";ba\ (_,cws'li'-r uc..li'.-.aﬂ&

%
d= L - 1351;5 - X7

0-3'5 '

r &
M v s cal (i*‘:)@’w)
o= 1.-}2”57










Revmarkable Theorem

Jontes ® Linlaw , PRA 11 (1605)
F]ﬂ.ﬂﬂm;-i " {\-’.ﬂ‘:m‘pj Lﬂﬂq‘)

»

TL"L“J A= \"i’)("i’l 'l.'g a.-ni dﬂ".?‘ r‘r

+TAL ;l\"fA3=1




Lﬂﬂ&l‘\';aﬂi
,,O+=’O . "1‘v~la":+r/as=1

+v‘ a v 51 c:\Jt‘F_ '\-Q

'
: 7 P{L}" = “ACa+ V)

[

and
a+7T
'E‘E Cie PG PR pCL) = TP

where

C"i\d. = RE- +r“3“y_ﬁf

// .




H: — vavious "r"-'fpojl“he*ie,i one m't%"fd‘

L

Vave

D: — data values ewne mﬁ%”m“r %aﬂf‘-’\&r‘

e pe.c.#'u:’f'. onsS ‘E‘of

:,L_J_e:_."l . P(DJ"HL" o da¥a glwe.“ hTfﬁ'fhﬂﬁls.
P(H‘j s E-.i‘-?&‘:‘rl.,f;ﬂﬁi J;nr
h??a‘\‘he:.-eﬁ themselves
Question = What &x?ELJYaJT{nﬁﬂ 5\wu‘nl

owe have For the Di?

————— E,




Qzﬂﬁ&l‘k’;oﬂi
,,O+=’O . Jt"v'-l,a":“\'r,as-_-l

+-' a v 5\»:1)(‘9_ '\‘a

2
1 P{L}" = A+ )

[

and
a47T
E‘:_\I Cie PG p(R) pCL) = TP

where

C"i\d. = RE- Jﬁ"“}“hﬁf

7




H: — vavious 'V‘ufpojl‘heae,a e m'ug"nf

L

Vave

D: — data values ewne mﬁ%%‘\" %aﬂf‘-’\&r‘

e pe.ci'n:’f'. ons {“51"

Givewn ,4 P(DJ"'HM‘, e A4+A %IWE'“ hTfﬁlrhﬂﬁli
P(Hij i expedtations for
hﬁ.ﬁ%hegﬁ themselves
Question - What E..r?r\?'af:,i-d\ﬁ—l:bﬁﬂ soul d

owe have For the Di?

Awvswev pe Piﬁﬁ = E P{H;_} P(D.ill H{.)

———— I
[




Y0 g T

s

“\
-0
P
o
[
-
.i-l'

. ’; r__; -
But really geing |
Yo de ¥his.

.ﬁt.vw-r vory Newman«

maﬂkﬁmrﬂ-‘“e’“ﬁ




P(‘Di) = (d+1) ‘)-_'_n ?(HL'}?(D;\HQ -1

\_7,—/

G. mq.n"l'um

L'.J.,'a.qa.l“) 2 &..?‘ &‘.:."- el

.Mm&,;f_,{




l'\','"\f. 1'-,“" €. v\ YV1E2.a S MY & vrl Lﬂ+ o vl .\.1"_" e

%Tduvhi ﬁ:aﬂf dﬂdew g i P
p(D;) = O L pGploiin) - T

(C_,JC:MFG_T'E.: +a Mn‘n'fary Enq‘.ﬂmqf';cﬁ.}

oo |

W hhew meaamr&meﬂﬂ"r O “Hn&

%y’ou.w:l 11‘5 a C,GW'\FRE..JTE.!
%eﬂa¢q‘ POYM 108, j=1,...,m,

e

p(D;) = (A0 L p(u) ploglny) - T L plo;iv))




""'bu'l.-{:,\pm_i_

- (O:\HW
\ /;’ r7 AR
~ i
But really %-"J'-"l‘:f ‘
+o As This .

hﬂ‘r -1 M B v vy v

‘ Wlh ﬂf\‘ P('DJ) ?—‘ VAL OG5 A Zvn Evi T




P(‘D-;) = (d+1) ‘)-_'_n ?(HL'}?(D_;\H;_) -1
V-Y——/ /

I:".J.,'a.qa.l“) ) G-..\?« &5.\ S

.Mm&.;f_,_f’




Whewnv vmeasuvreyment ovi The

Cﬁrv’duw:l 'S amy o"?%e,w 5, I
P{‘E}J) e (‘AJ‘-&‘)Z‘F(HL‘}F(D‘_{\HL) "-:1-

Qf:_/am?qva +o L«n‘;'t—ar}r E,‘{ﬂ&i_.\%;cﬁib

Kool

W"me,ﬂ meaamrameﬂﬂ% O v ‘Hne,.

chv‘c-u.w:l 11‘5 o c,ami:\e,{'e,!?(
%&ﬂ&,‘t"a‘ POYM 108, j=1,...,m,

e

p(D_;} = (‘J\i‘ﬂzt e (Ho) F('D_;\H;_] = i’z‘.x P{Ej"‘HL)




\
o

No ]I.E__:lr;m]l- Yeason w\n}_.r 51'1?%::,%1.:«1 W.t b
conditional Kn%&r_-.e,f: should be

Lﬂmm&ﬂﬂuf‘fﬂr& W\"(“V‘\ Elt%uq-{-;cﬂ wl'.Jf‘HﬂuAf
C,Dﬂr:lxll'l\-;ﬁﬂak ilﬂﬁﬂ'l":.&j

P(ﬁ_&) $é' Z_LP(.H;)P(DJ\H;)

L ok e s ik s . TR

revyspéec

| .

N.;::me,{-he,\e,s*i Theve via

3 Y L)E"
aﬂs 'Fr::f‘ qa\.o;}:“\f‘;ﬂ%,

(=Y V_E-E'-ﬂ“('liﬂ":'!__- ﬁﬂranruve,,

This 1s ‘lr’heu con e,-n‘\* o Ve Bov n
me‘l& -




=

Whewn measurevnent ovn The

%WSMVMA ﬁ:aﬂy dﬁﬂ€v SLC .
(D)) = A+ L p(dp(OilH) - I

L{:_,/E:MFATE.- +a L«n‘n'fary e,w*ﬂ‘lu-\{‘;cﬂ.}

And

\’\f‘he,ﬂ M&QSMW&M&H% O v\ ‘Hne,.

chy*ou.ﬂ:l 11‘5 a C,EW'\F\E..-IT'E.‘?(
%eﬂa¢q‘ POYM 108, j=1,...,m,

T e

p(D;) = (AN L p(m) ploiny) - T L p(051H,)




|

.|:L
<
Ln
10
(T

!"?

£
flx

Nc ]I.E__:Lf_.-ﬂ‘l\ Yeoasonm w\m’.r ﬁl%mﬂ%;ﬂﬂ W"t L’W

oaﬂc}kl“\‘;nﬂak ko‘ﬁ—&r}eﬁ 5‘\"\6\..&.“11:‘& l‘o&

Lamm&nﬂurtﬁ'& W\"(“V‘\ S'tJTuﬂﬁ';cﬂ wl-.)ﬂnﬂujf
C,Dﬂ:kll'l\-;ﬁﬂak ilﬂﬁﬂ'l":.&j

P(":'_i) $é' Z_‘P(‘HL)P(DJ‘HL)

aF

avy s Thouah

e e o

| .

&uaw*um Pevrs ¥

N(:;me,{-%e,\e,s*i Theve vwvia

3 ¥ 3 L)E"
cﬂs 'Fe:n" AG\GF*;V‘!?

(= V_E-[‘-ﬂjrliﬂ":'!__- ﬁﬂvmnﬁ.‘uve.._

This = the cew Enn'\“ o Yte Bovn
Q\\A‘le.z -




Whewn measurevment ovn The

:ﬁfﬂuwal ;,5 ﬁlﬂ)’ cl*a‘ﬁe,w S C. 0
p(t}j) = (AH)%FCHJ?(E}J\HL) -

(C_/c:m?qve.. +a Mﬂ‘t't—e&f‘y e,w‘nd‘;cm}

And

W‘he,ﬂ M&QSMW&m&ﬂ% O v\ “Hnep

c\dfouw::\ 11‘5 a c.,ami:\&,{'e.!?(
%&ﬂ&.‘(‘a‘ POYM 108, j=1,...,m,

e

p{;DJ} — (A*Iyz ‘P(,H;j ?('DJ\H;_) = :}Z‘L P(Dj"'HL)




\
i -
[
4
Ln
15
(o
t"f
2
[

No logical veason why sifuation with

Qoﬂdl.:.'ﬁ';ﬂﬂall; ka‘ﬁ‘&r}eﬁ 5{\"\6\.&\15\. l‘DE_»

L&mmﬂaﬂﬂuv*ﬂﬁ‘& W\"(‘l\r‘\ ilt%uq-‘\-;cﬂ WI\JF‘V-IQLAAF
C,Dﬂ:kll'l\-;bﬂﬂkk ilﬂﬁ&f:.&j

P(E‘_&) $é' Z_‘P(‘HL)P(DJ‘HL)

'a A-
& ma%”.'!l'um ?e.,wsgzac;*i I W E

N'IC:JNE;‘\'L‘-EJ\EHS‘E: . Thevre Y“r’!a}/ iaE.J

cﬂs 'Fr:ﬂ‘ qa\c;}:*;ﬂ%,

() V_E..[‘.cljfllﬂv_‘i_. ﬁﬁrmn’i‘.‘uva,

This = the cew e,-n‘\‘ o Yte Bovn
Q\Me., .




P(‘D-;) = (d+1) ‘)j:u. ?(HL“}?(D_;\H;_) -1
V‘Y’—/
% /

{
G. mq.n'll'ﬂm

L'IJ«.':.“A'IL“} 2 a\?« &‘.:."- el

.Mm&,;f_,{




U0 L g T

But really "a"'l‘“:!‘ |
Yo de ¥his.

Jﬁ'x-n-r vory Newman«

maﬂkﬁmrﬂ-‘“t“_&




e P = 1 -
_—_ w, 5 %™ 2 L 1 T M %_ L !::} Ta "

E-T AN k T &4 ) Via

When measurement onn The

C[Jx‘fﬂu‘f"-ﬁl L\E ﬁl'ﬂ)/ G'&L"me,w" 330 &
p(D;) = rO L pGr)ploiiHy) - T

(C_/c:m?qve.. J(‘.:: Mn‘n'fary anﬂm"'.";cﬁ.}

Koo ok

W e v maasmramaﬂ"r o “Hnep

cé[v‘ou.w:;\ 11‘5 o c.,ami:\e,'l\.'e.!)f
%&ﬂa,‘(‘cz‘ POYM 108, 3=1,...,m,

e e e T

p{;D_;) = (J‘-*QZL ACH F('Dj\H;_] = i’):: P{Dj".H"_)




No logical veasom why situation with

oaﬂcl.:.“ﬁ‘inﬂalk ia“"i—&r_-.e,fs 5%&%‘15‘&. "o&

L&mm&nﬂurtﬁ'& W\"(“V‘\ EIEJTL&L":{-;E?“! wl-.)ﬁ-[ﬂujf
C,Dﬂ:kll‘\-;ﬁﬂﬂkk iltth,'l_ﬂr'I"J'l.Euj

P(E‘_&) $é' ZL P(‘HL)P(DJ‘HL)
B uantuwm P

,
Frevyspéecl

Ncﬁﬂ&fk’%&\&ii Theve ™ oy be

cﬂs 'Fr:nr* qa‘ko;}ﬂ*;ﬁ?

(= V_E-l‘-ﬂj('liﬂ":'!__- ‘r\mrani‘qu..!

This 1s Jr’HeJ con e,ﬂ‘\* o Thve Bov n
q\milﬂa >




- £

%MJ\— \21_%__ CLLA&E-‘\':.CJW .

15 one’s Prc'bn‘tnl\l"r;as do
vieT 5::&“\':.5;7 this w“e,\ckjr'mﬂ}
W\rs.:xjr "‘oacl_ ’lr\nlnca, Cawv \vﬂq?f:-e..w

in the sltn%\e, c,,aae.-?




& uaﬂ*‘ A VY'Y ?\-"‘ a\‘ﬂa\n: \H’y
E 3 W\ e C'Y'")/

Classical Ffa"on‘am'{;“{'/y 1S “$u.’:jﬁ'” Twae

‘W -Raalaa uﬁ' a.‘\."w&— case |,




4 1||.I|+/Y
T’HE;DV/Y



tha‘bm!;y
Th&af){




rob A'ED-I]I-IJI_)I
Th_iiy



Y
L
]
+
- .
5 5
p 3
J -
m
2 1
+

G
[e
e

e — ———




/ 3‘\)(

';' S‘a&.y t:
: £ixed ;
J .
1(3) = @Q+D N pGIv (I - ry LrGi) |5
"h
0
'y
i3
a2
"'h....
<< r{;1i)
. ‘L{J) : ; ii‘r"-: i

L(P i D_] —

e — =




Propcer j‘i'y ot _QM

Su?pnae_, 'xﬂ1+:q\ /0=Ti[I. . avid
act mauy follow Pa“‘f"m WA 5‘\'\7
0\1‘1“'1'417'1%_ with elick :’. for POVYM
'iC-r;‘E, & %fﬂMﬂA 5

E})m.vfe.a' Rule %'Ne,.j Ws a po 5%9.;1‘1&1**
for which click & ocecured in 51&)':
-E(I-) r_(l‘l'l..) e e G-J'W;'

T () Gl A+ G

Pru\:(ili) -

— -:r +r‘ /a‘;-ﬂ-;r
E u,'hl‘ J("‘r\m'*' {'5 ‘ius"r *"ﬁE.- \ G"
ST EC fﬁa?f&ﬁﬁdﬁ*ﬂ%;nﬁ ag:;-ﬂ ﬂ; - -Eié-:;

ANY /o.'; cavn be %Oﬂ_tﬂ s ‘w"-:?r
'LF.-?, swYable cheice of iG’;,% =




RE,C:IF}'FDD.I'\"l Ax;am

2 ?erakr'k‘kﬂ grnm a sTate of vaaxival
unc.e.-f"\'af\ﬁj‘?)r 'Fm‘ 'l'r"he.- 5‘&7; ovne Cavi
use the .{:ni"re.v-}nr 5»«1:'91151:1. "k-_-.-y Bﬂx?'e.'&,
*r""u»"nE,-

. _ ‘r(h‘ll‘)

as a valid priev, Movre over all valid

Fr".afs can be B}Eﬂ?..f"n"l'&.ck i Jr"h'xS WC-I.)I.

Coenseguence’ P\E,.wr-a'\‘lwg,
L.
9(3) = (%\f(_g\*ﬂ'ﬁ E(_J.%*\)%?(.L)?f;\:(.‘ﬂj‘] -i‘l
for any “\'ﬂa 1&\}.;\ ?T"\ﬁ"ﬁ F{b} and S{i) N

{
7.3 = Lprs > Iaan -




% :151 S S"\‘a{!i_e,a

C oennsider case wher e
%V"GL&T“LG\\ — Ek\}{ =
C ensistency veguwes for any valid B
4 1 4 P>

gty = (A+Y) ‘Z_Lf{nv(j!h) - ‘l‘ =

Qﬁwiaiuﬂ,ﬂ'\"ﬁf 5

e GV = T (5 + %)
O\V\A "Dr P\e,c..'a?fﬂr.'\"('/y H;-:;c:-m 5 a.,"t"l, _T:; a‘F
‘%'l'he.- 'q:nrm

- .= = —_
e, = T_auu,n MO e L ,A(a.{-n]

wiustT ve valid Prlar: -

¢ s = 2,
Note . € e, = Tro o




%—l!gww-e.\wo'{“k

P h‘k‘a\lmﬂo‘g e _E:“

;2-/"/
Ca\l a 5&?\‘ 53 = B'rf' within the
?Y‘de‘b‘lilt',\")’ Slmg\e..x
a) comsistent if for any §,7exd
L

]
iGe0 < -7 & TAx

b) W‘\c_::_ﬁimﬂ\& ;-ﬂl ﬂ.&ﬁ;\'\ﬂ% a.,ﬂ/v ‘?mr‘\'h&,\"'

= = T

?;' 3 ﬁdi. wmakes :I.ﬂk"_ﬂﬂf.rLEE-\'E.rﬂ-\l_

4

E.)(qm?_\__% . 1‘(; 53 S EE.J\- C-Jl: iuqn’l—'rum

states , it (s censistewt ¥ maximal.

PV*O\:\\E:T"F’I.: C_,\an‘::.c:\\_e_.r;?;e, ﬂ_
Suec SE ; C.-ofﬂf-‘qv‘&., +n 1uqﬂ‘\_mm,




—
-

}"(r-‘tk"'ﬂat.& 5

1)} Take '?f='§' = Czaﬂse,iu&ﬂ_\"\)r
‘rﬂuﬁ‘\‘ "r’\qv&

.
P-P €& AW+

Same as fiuaw+um_

2_.) Consider a :.u"nse_.“\' i?‘;j ESX

WiJ""“'t k_— 1.}..- y ¥ Sv.f_-\kr-m +1'V'1ﬂ\+
J— S _-_————L
Pu:_' Fu = Ald+1)
"@*u‘?-‘; = ald+\) K+ /4.
Haw ‘qu‘%ﬁ, ar yvwv !bE-?
Avnswer = d , Sameé. as

c-l'ukﬂ\ﬂ“‘r WA YT




Property of GM

Su?pcae_., -xﬂ:;'li':q\ /‘9‘—"7}1 . avvd
act uauy follow Pa“‘r‘n WA 5‘\'\7
O\f‘r‘lt'\f;ﬂ%, with click J for POYM
iC‘rig & %fﬂMﬂA .

E‘:m.\’e.a' Rule %'NE,-E; Ws a po 531'9_11'*1{31'*
Lfor which click © oceured in 51&)':
-E( ) f_(i"n) . Jﬁ- G_I-Wi

L () v Gk d ¥ G

Pro\a(i’li) =

e -:r Jfr* /a;'lT;
But J‘{"‘r\:d' 'S ‘_i.us"\' the % Ci
ST E q-e.-?rl.‘-'_.fxe.rﬁ'dd':.nﬁ ag:;-ﬂ /0; - ?‘:‘é—}

ANY /O_'l cavn be %O'ﬁ_tm s w-::y
'b:.-;f swhable cheice of iG’;,% &




% A 51 = S'i‘c'&ji_efﬁ

C ennsider case whevr e
\
Qv o c:\\ — -
Cb, LA, v P{

Cz&ﬂﬁ;nﬁ.'\‘l?.-ﬂc.f wre.-?’ulwaf. fer any valid _F‘J

p(j) = (A+V) ):_LF{L‘JV'(J!L'J e 'l_ =

waiaiu&ﬂ'\"ﬁf 5

vy (G\L) = a.:-l ( Sﬁ +ET)
Qﬂéx "DT P\e,c..'a?far.'\"('); P\f.;am 3 a\"t.\ _TT; :s‘F
‘\'lhe.- '(;nrm

s | % ._‘__.'1
Cy = EA(JU..-J 3 *=*3 4 *** 5 dlhat)

W"I\.-i.ﬁ"llr ‘ﬂz. Yq\.-.cl._ P-r‘uhf‘j -

» N —— y 7
Note . e, €, = T@+D -




1r—1! oyfmewory ‘K.

- Ca h"t‘a\lﬁxﬂo‘s e _E:“
IZ*"'L/’

Call a set 3§ = Dp within the
?'r*a'oq‘b‘l.\'t"\"y Simg\ex

a) consistent 1§ for any 3,7 ed

... - .
AR+Y S F’"‘l & A@xY

b) Yo -.mn\ e a.t'l-:;\;ﬂ% Qﬂ)/ further

e

| X

!

?? 3 ﬁd." wmakes iﬂf.ﬂﬂf.l.&&-\r&ﬂ-\l_

4

E.?Cqm?_\_f: . 1%'-‘ Sg S _'-':.E.-\- G'F iuﬂ..ﬂ_'rum

5‘%‘«*&5 ) s c.anslsj\'em*\” ¥ waxinmal,

PT‘D\D\E:TTI: C_,\ﬁqf‘::.c:\\_e_.r;?;e, ﬂ_

sucy Sg ; C..afﬂi:qre., +n z\.a.u.ﬂ)rmm,




|

?(Ch'r"'ﬂat.e 5

-?T:? = C-z::ﬂse,ﬁu&ﬂ_lf")r
must have

—

1)} Take

—

.
P-P & AW+

Same as 1uaﬂ+um'

2_,.) Ceonsider a :.u'bse_.‘g' i?‘“-g E-_SX
W;J‘"ﬁ k=1.3... y Y 5-.:.4'_.1-1 '\'%a{‘l—

2

P Pu =

Ald+1)
"@*u‘?-‘; = ald+\) k#+ /4.
Haw ‘lq\(‘%&, ar yvwv !bE-?
Answer - d | same as

q’uan"‘r W e




s
®

\W l'v-.q"\‘ '?uxw"\‘he,f ?GS*MH O\J‘.‘E,‘S

yvust be made Yo recoever

F?T‘E—C.‘LS'E.-II?’ ?’Hﬂ\ﬂji‘um 5"1‘:&'\?& SPQLLE}

.0 the: comvex ull oF

Dz P
1) L pGdT = 3G

A+T
2) Z; Ciw POIPGI P(R) = (A-:-ni
!

)\ with C.;:-‘.n -;I:nssse,ig'»_n%_

"__fﬂ.,f,{_.{_"’r_— ?rsf?e..rJ'.'utj




|

?(Clr"ﬂal.e 5

'?Z""':'f_; - Clﬂﬂ&ﬂﬁmﬂﬂ_\-"l)r
‘rﬂu&‘\‘ "r’\qv&

e

1)} Take

—

e
P-P & A+

Same as fiuaw+um_

2_.) Consider a :.u"nse_.‘g' i?‘;g ESX

wiJi"'h 1‘\_— 1..}... 5 YV iv.l’_-\n +1'V'1G\Jl_
— o 3 _-_——-—L
Pu:_' F“ = Ald+ 1)
"?;u‘?-‘; = ald+\) w#+ L.
Haw ‘lan(‘%&, ar yvv !bE-?
Answer - d | same as

q’“ﬂ\ﬂ‘\- W e




1r—l! oYy¥mewory k.

. Lo ﬂ‘k‘cﬁﬁxﬂ% e E.ﬂ
f‘,_f"'i../

Call a set 8= Dp within the
?'r‘a'cnkb"."t"\"y S;MP'(E-?C
a) consistert 1§ For any P3¢

.- . x|
dG@+ S !T’"'i & A@xY

e ———

B) Tﬂ%ﬁﬁ;‘,mﬂ\h e a.&rl;n% r:'hﬂ/v further

?;' 3 ﬁdi. wmakes 1T :I.ﬂf_ﬂﬂfalair-\r&‘r"i-\l_

4

E.)(qm?_\_f_r . 1‘(; Sg S SE.-\- C-'F iuqn’l—'rum

staTes y % 48 consistevt # maximal,

Pv*c:\:l\ﬁ:rﬂt C_,‘hqf‘qc:\_e_.r;?;e, Hﬂl_

suchy ‘53 ; C..afﬂ{:qre., +n zuqﬂ‘\_mm,




C,- 1 a ‘1 1‘5 e % e

\Af %q"‘l‘ '?mw"\‘he,f ?GS*MH O\JTE_.S.

yvust be made Yo recover

F?VE;C.‘I.SEP'[)' leﬁﬂxﬂli'um 5"1_=LJ'L"EL SPQL&?

I1.e. the convex Wall of

S 2
1) E.L‘f’(‘} = Al

A+T
2) E_:;c,;:i“f(;)f(pf(ﬂ - (d-:--.‘}i
!

\ with C.%.n -;_:..ssse,ig}fn%,

Qﬂrrtﬂ{_""r_— ?r:f:e..rJE“uc.j




T\P‘\.I\ﬁ\-( SIC/ +\ﬂcm06\ﬂ+5!

. QHL‘L mcleﬁb&; Ib;{ wq-f n'(: 1+
h

we.”!ﬁl C.ovme (o Hﬂcke,rﬁ‘lraﬂo\.

iuqﬂ'}" WL v W\Efcx\'ma\ﬂ'n LS o

itHle \r:-&,'\'*'&v* .




twe Comsequence

= amn expevience, E, the caﬂ'q\ya"\'
/ = 1hnh+urﬂ
[ f/ 5}! 5+l—‘hﬂ

1 @ *i“’“ A

i dist o

= {E:} aPovm




