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—MEBZREERY Toy Logic

B FEE Var={X.Y,...}, &R A11(X,Y)
B S M= (ML [, B [X] c M

MEeML(X,Y) HENRY [x] clr]

BRI o SENSENEREM M EMeT U Megp

EXRS:
ALL(X,Y) A11(Y,Z)

Al1(X,Z) Al1(X, X)
UEER: T'r ¢ HENSFE—RU o A 1R TREVES ", HE
— P REEAEHSETAHE I, sEIHEENN BRImEa T Rk
B+ EAUERR A11(A, B), A11(B, C),A11(C, D) + A11(A, D)

A11(A,B) Al1(B,C)
A11(A, C) A11(C, D)
AL1(A, D)
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Theorem (Toy Logic BYRJFEMEEIR b)
I'rp = TEp

Proof.
XSUEBBI I+ ¢ ZetEHES, SEGEBKEN FEIFA9NE.
> KERN 1 g e TE ¢ 2 M11(X, X) B BR TE o
> RIQEAKERNEI n lWEE Tre = Tep, MEKEAn+1
A tBAaz.

% n+1 SHELEEBE TR EEERNIEE.
AL1(X,Y) ALL(Y,Z)

AN A11(X, 2) B3, B9, T E AL1L(X,Y)
B TIealy, 2.

B [x] c[¥] B [¥] c[Zz].

ERLA [ X] < [Z], BP T k A11(X, Z).

Remark: NIEBR, HENNNRE
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Theorem (Toy Logic A& MHEIE Hb)
IN'ep = I'ko

Proof.

> NGEEE SR RIR T o, FIET £ o,
BD, H—NEE M, BB MEeT B Me o
> M=), B

M :=Var, [X]:={Y:T+A1L(Y,X)}

1. #&&8 MUET.
A11(Y,A) Al11(A,B)
{E25 A11(A, B) e T, #RIE [A]. [ B] BOENXAO A11(Y, B)
A5 Y e[[A] = Y €[B], BD M' E A11(A, B).
2. B MU g (FBIE: MV = T+ o, NMISRIZT ¥ ¢ FIE)
RIZ ¢ = A11(A, B), & M" = ¢, W [A] c [B].
B0, JHEE Y, Y e [A] = Y €[B].
EJ9A11(A, A), LA A € [A]l. T A € [B]. ElE T+ .
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» iBiE: A11(X,Y), Some(X,Y), A11(X,Y), Some(X,Y), Most(X,Y)
> BN B M= (M, ], B [X] c M, [X] =M\ [X]
MESome(X,Y) HEXHE [X]n[Y]+02
M EMost(X,Y) HE{R |[X]n[¥]l > I[X]\ [¥]|
> EXES:

Some(X,Y) Some(X,Y) A11(X,Y)
Some(Y,X)  Some(X,X)  Al1(Y,X)

Some(X,Y) Al11(Y,Z) A11(X,Y) Some(X,Z)

Some (X, Z) Some(Y, Z)
Most(X,Y) Some (X, X) Most(X,Y) All(Y,Z)
Some(Y, X) Most (X, X) Most (X, Z)

Most(X,Z) Al1l(X,Y) AlL(Y,X)  Al1(Y,X) Al1(X,Z) Most(Z,Y)

Most(Y, Z) Most(X,Y)
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Simpson’s Paradox
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Exercise

Exercise

Figure: Exercise appears to be beneficial in each age group but harmful in the
population as a whole. — Older people exercise more.

Exercise

»__Cholesterol

E [cholesterol | exercise] > E [cholesterol | no exercise]

E [cholesterol | do(exercise)] < E [cholesterol | do(no exercise)]
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Argument by Analogy
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Refutation by Analogy (2&FF%)
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0. TR “BESHEDLY WE: FADL, LA
3.
4 BTBENE: WA, BEEREINE, £, 1

FREFH: TFAREEF?

A, HSLBRARE. FrLARER? KERB. SEEFAE ANBUE,
BRREZKL, EREEER

INRREM R

i N

BB rILSER TS it FREMAZEE

\

e N S g - FAEE



Example

Argument by Analogy

MMFEERENED, BERBRRANIRIENRAID FLHME ~
¥ AMTFE— T FIEPSRHBREH R " XELHERS
NS, WRMEFHAREIE— NG, MFER—FF, BT ENXEE

IR,
— HEE
Refutation by Analogy
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> B4, S E SR, O

HE /S
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Example

Argument by Analogy

FEEEREFRAEEENX, BNARIZEREAIRE I SO EERYD
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> FEIeRED?
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Refutation by Analogy

> HESAFTRSEEAR, F, MR EERYIEFZ LAY, A
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Examples — “_EFF1FENS?"

Argument by Analogy

W R
TR/ MRE FH/ L
Refutation by Analogy
Bt/ =i
RITH R | HRFE FIREFEH/MELFH

Refutation by Analogy
> Everything must have a cause. The world must have a cause.

> Everybody has a mother. Does the human race have a mother?
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Bamgl: “Love is a Partnership”

' Share of }4 _______________________________ Share of
'Responsibility | Business Work
L - - = }, - ,V,\\ \
| \\\
|
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|
; CLovers - Partners
|
|
|
: \
Share of Share of
Happiness Business Profits
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f2ME: “A Wing is a Sail”

The Ground — A Japanese Poem
Qyac|
An ant F(yacht) = pull Bil yachto f
pull a wing of a butterfly.
0 | © |
It is like yachting. F(over) =on «—— overo f
Ant Dot Sailor

Qover
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ISRMES, (R E THIEMERZ?
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PREERIRS FLR TIRSDER?
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FHARIIIREEE TiiFIz, (RIR bR
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FRiFX S — R T2 &?
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EEE—
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"XAEEREN

HAIZRAIEE R AT LAF TIPREE SRATHS!
PREER BIZITIXFAIEE, IERHIR
BYER, IR — B AR

HANRANGBERY, WNERENES
BB, ARFER(IRIENARKIB!

%ﬁ%ﬁﬁ MNIFE, IR RIZHEER
SBEF ATz, 2RECEEREN.
BINERIFIZ .
XEMEIZ(B R RIS

BRI EEEZTFEN.
ELLARIBEHPRE T

B, AOASE, BT, SEE79R
XMARIZISEIIAKRS T ...

PREESBRRSERENENZ, (RAFAIE?
BREZ BN, IRENZPREERIRSERIT.
PREEC IR Z/OATE! ZICE SR
E—/MNEA2 TEIGIENERA!

>

>

1R ERNZIEFERIL, R —ER 2TAE.
HR Bl IRAORS B LY PREE R RS R LT
ZHEE fiE

SRHEEERA EXSEOKAIF R
OIEFBRE! ESERNFIZ L E R LR
BREER BIXMTEIRERE!

PREERASEL—F, K2R
R, IRBFZ RIS E!

127 AZRRPSEIRE MRS ENE
Iz, KB T!

REFEEE NCIREERNEERM S
FKEETER, BT N IFE SR
ZIBRALL, BIRRIXGERZ. T
i 7, IXISERMEZAIRTREMEA K. BD
EHIXFER, RS,

=/ R0E /B =. .. AECIZEE!
R, A 1P FEESH
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BANEEEATER, MiASE NMAIRFEIF X, BHASIARAI K,
A, F2ERRARS, BEIMASWIERA LR, FoEHERS
BE AREMAFEARIW, &7 R mASEERIL. £EAX, tBhs
Brt. . B FoAXE. BE%RS. /\ERE XEPEFRIE
JRKE, FREGHFR!

For Want of a Nail
For want of a nail, the shoe was lost,

For want of a shoe, the horse was lost, -jfL'% «1/61%»
For want of a horse, the rider was lost, BALE, WSAIT,

For want of a rider, the message was lost, SFANA, MEARRL;

For want of a message, the battle was lost, EEAAY, MALTRASE,

For want of a battle, the war was lost, ALFRARE, MFITTAE;

For want of a war, the kingdom was lost,  F§iAH, NRFTFFEFE.
For want of a nail, the world was lost.

And all for the want of a nail.
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FMIEREET R, BERET. SRBREAETIAL, BAEEEOE 5
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BE.
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On the reception and detection of pseudo-profound bullshit

B TEILEER R $19:
1. We are in the midst of a self-aware blossoming of being that will align
us with the nexus itself.
2. A wet person does not fear the rain.

3. Most people enjoy some sort of music.

> Bullshit Receptability SEEEAEIP. BRE. BREFIEEX.
bullshit receptability := mean of the profoundness ratings for all bullshit

> Bullshit Sensitivity S#tF#I14EBERENIEHEXR.

bullshit sensitivity

profundity ratings for meaningful quotations

profundity ratings for pseudo-profound bullshit
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http://journal.sjdm.org/15/15923a/jdm15923a.pdf
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Wholeness depends on dimensionless phenomena. Reality has always been
full of messengers of the multiverse, whose third eyes are transformed into
transcendence. Transcendence is the healing of choice. Complexity is the
driver of transcendence. Our conversations with other messengers have led
to an awakening of ultra-non-local consciousness. Consciousness requires
exploration. We are at a crossroads of flow and ego. We can no longer
afford to live with ego. Where there is ego, life can't thrive. We exist as
expanding wave functions. The goal is to plant the seeds of passion rather
than bondage. We are in the midst of a self-aware blossoming of being that
will align us with the nexus itself. Lifeform, look within and recreate
yourself. To follow the path is to become one with it. By unfolding, we
believe; By deepening, we vibrate; By blossoming, we self-actualize. We
dream, we heal, we are reborn. We must learn how to lead unlimited lives
in the face of delusion. You and | are dreamweavers of the quantum soup.
The infinite is approaching a tipping point. Hidden meaning transforms
unparalleled abstract beauty. Wholeness quiets infinite phenomena.
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http://sebpearce.com/bullshit/

How to generate pseudo-profound bullshit??

1. State the blindingly obvious (of life’s big theme) incredibly slowly.
> We were all children once.
2. Doublethink/Dialectic/Contradiction.

> War is peace. Freedom is slavery. Ignorance is strength.
> Everyone is the other, and no one is himself.

3. Ambiguity/Metaphor/Parable.

> Language is the house of the truth of Being.

> Never stay up on the barren heights of cleverness, but come down into
the green valleys of silliness.

> Ethics does not treat of the world. Ethics must be a condition of the
world, like logic.

> A person is neither a thing nor a process but an opening through which
the Absolute can manifest.

> Making itself intelligible is suicide for philosophy. Those who idolize
“facts” never notice that their idols only shine in a borrowed light.

1L aw: Believing Bullshit.
Frankfurt: On Bullshit.

Bergstrom & West: Calling Bullshit.
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How to generate pseudo-profound bullshit?

4. Analogy.
> We have got on to slippery ice where there is no friction, and so, in a
certain sense, the conditions are ideal; but also, just because of that, we
are unable to walk. We want to walk: so we need friction. Back to the
rough ground!
> The subject does not belong to the world: rather, it is a limit of the
world. This is exactly like the case of the eye and the visual field. You
do not see the eye. Nothing in the visual field allows you to infer that it
is seen by an eye. Our life is endless in the way that our visual field is
without limit.
5. Use jargon.
> Profound boredom, drifting here and there in the abysses of our
existence like a muffling fog, removes all things and men and oneself
along with it into a remarkable indifference. This boredom reveals being
as a whole.
> A machinic assemblage, through its diverse components, extracts its
consistency by crossing ontological thresholds, non-linear thresholds of
irreversibility, ontological and phylogenetic thresholds, creative

thresholds of heterogenesis and autopoiesis.
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What is a Good Argument?

A good argument should:
1. be deductively valid (or inductively strong) and have premises all true;

2. have its validity (or inductive strength) and truth-of-premises be as
evident as practically possible to the parties involved;

3. be clearly stated;

4. avoid ambiguity, emptyness, circularity, vicious regression, and
emotional language;

5. be relevant to the issue at hand.
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Writing & Argument

1. Before you write: Structuring the paper. E
1.1 Diagram the logic of your argument. l
1.2 Break your work into sections/paragraphs.

2. Write: Fill in the details.
Tell them what you're going to say.

Say it.

1.3 Write a brief abstract for each section. D F
G
Tell them what you've just said. X‘
s

3. Rewrite: Improving your language.
3.1 Read it out loud.

3.2 Keep sentences short and precise. @
I @

\/\

%
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Type Causation & Token Causation

> General/Type Causation: /RS ATz
> Actual/Token Causation: 3K=37T =1/, S 7 itk

EIRARRE:

MERMR LR TERM, HBET, B FHNELERREEZE
ERRERIRT
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Actual Causation vs PN, PS

> SEPREISRIEAERER. RENDPESEFR.

> EER PN MFEDHER PS UK v, (), RiERREENE B
fiE (N-fih), TARESRIFE.

> SEFREIROIE RESRTIE.
—B=12Y=1NFEED? F—MFHh 2" B F2"

@\ Y=AVB
® A=1,B=1Y=1
_

@ia:@ Yo
/

A=1,B=1,C=0,Y =1

AVC=AV(BA-A)=AVB
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Philosophy — Process Approach to Causality?

> A causal process is a world line of an object which possesses a

conserved quantity.

> A causal interaction is an intersection of world lines which involves
exchange of a conserved quantity.
> A causes B if there is a transfer of energy or momentum from A to B.

1. 1EEIE, ARE
=Yg

process?
counterfactual?

2. FARBITEMNIR
&, {Eh s

3. RESHEUTHN, (&
BIE?

o &0

P
®
®- ®
prevented (Mean = 89.7)
®
1
< ®—O

caused (Mean = 86.7)

didn’t cause (Mean = 18.6)
61/17
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Philosophy — Probabilistic Approaches to Causality?

» Reichenbach: C causes E, iff,
1. C is earlier than E, t¢c < tg,
2. P(E|C)>P(E|-C),
3. there is no event S (earlier than or simultaneous with C) that S screens
off C from E.
~3S:P(E|CAS)=P(E|S)
Remark: Simpson paradox

> Cartwright: C causes E, iff, P(E | C A B) > P(E | =C A B) for all
background context B.?
> Dupré: “average degree of causal significance”:

> P(B)[P(E|CAB)-P(E|~CAB)
B

2Background context: all causal factors for E that excludes C and the effects of C.
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Suppes’ Genuine Cause — Probabilistic Approach

Suppes’ prima facie cause: C is a prima facie cause of E iff
1. tc <tg
2. P(C)>0
3. P(E|C)>P(E|-C)
Suppes’ first spurious cause: C, a prima facie cause of E, is a
spurious cause iff there exists S such that
1. ts <tec <tg
2. P(CAS)>0
3. P(E|CAS)=P(E|S)
4 P(E|CAS)>P(E|C)
Suppes’ second spurious cause: C, a prima facie cause of E, is a
spurious cause iff there is a partition & and for every S € &
1. ts <tc <tg
2. P(CAS)>0
3. P(E|CAS)=P(E|S)
Remark: e-spurious: |[P(E|CAS)—P(E|S)|<e

Suppes’ genuine cause: nonspurious prima facie cause.
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Remarks: 1IZRE SR

> IRRERKEERRER.

> WERREANEEEIEARIXE.
— AERYIMRRIRER, NGRS R NRELTSIE
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— MEBKGRZESHMTICHIZE "RREX" NSHFUER.
— AR SENEREE, XMUTUIHRS SEEHEELRR
7R, XUWSRARHETEISR.
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Philosophy — Regularity Approaches to Causality?

> Mill’s Sufficient Condition: C causes E iff C — E.
> Hobbes’s Necessary Condition: C causes E iff =C — —E.

» Ramsey Test: C O— E should be believed iff, after suspending
judgment on C and E, E is believed as a result of assuming C.

Co»EeK < EeK=*C

> Wright’s NESS condition: C causes E iff C is a Necessary Element of

a Sufficient Set for E.
1. C A X is E's sufficient condition. CA X — E
2. X is not sufficient for E. X » E
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Mackie's Actual Causation — Regularity Approach

» Mackie's INUS Condition: (insufficient but necessary part of a causal
condition that is itself unnecessary but sufficient of the effect)

1. C A X is E’s sufficient but unnecessary condition.
2. C is not sufficient for E. C -» E
3. X is not sufficient for E. X » E

(CAX)VY o FE

Example: AtAERH? BAARIEED. IREXASWRE.
— Why E?
— Cy rather than Cq, since C; = argmax P(E | C)?
> Mackie's actual causation:
> C is at least an INUS condition of E
> C was present
> Components of X were present
> Every disjunct in Y not containing C as a conjunct was absent
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Lewis’ Actual Causation — Counterfactual Approach

Definition (But-For Cause)
X =x is a but-for cause of Y =y in (M, u) iff
1L MfueX=xAY=y
2. there exist x” # x and y’ # y such that M,u = [X =X"]Y =y’

Definition (Actual Causation — Lewis 1973)

X =x is an actual cause of Y = y in (M, u) iff there exists a sequence of
variables Z1 = X,...,Z, =Y s.t. Z; = z; is a but-for cause of Z;;1 = z;41 for
i=1,...,n—-1.

Remark: Is causation transitive?
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Neuron Diagrams
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Example — Double Prevention

O—E—BO—®

B=_|C

A=-B

Y=A
C=1,B=0,A=1Y=1

Alice A is planning to hack Yuri's Y computer.
Bob B launches a missile at Alice's city.
Carl C shoots down the missile.

Alice hacks Yuri's computer, without any knowledge that Bob and Carl
even exist.

> Nevertheless, Carl caused Yuri's computer being hacked.

» C =1is an actual cause of Y = 1.
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1.

2

3.
>
>

Example — Transitivity?

A is a cause of B

. B is a cause of C

A is a cause of C?

Alice EAIRIFT Bob BUEMER A.

Bob HBeht B, #ZEIEE C.

@\@
-

B=A
C=-AVB

A=1,B=1,C=1
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Sufficient Conditions for “But-For” Cause to be Transitive

Theorem (Transitivity of But-For Causation — Halpern 2016)

Suppose X = x is a but-for cause of Y =y in (M,u), andY =y is a but-for
cause of Z = z in (M, u), and the following two conditions hold,

1. for every y' € R(Y), there exists an x’ € R(X) such that
M,ue[X=x"]Y =y

2. Y is on every causal path from X to Z.
Then X = x is a but-for cause of Z = 7 in (M, u).

Remark: XJtY Pearl BUEBEMNFTD M 32 X X Z [REEEF AT,
BIBMERKIL.
Zyxr =Zy
x-oy&y—oz = x>z
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Woodward's Manipulability Theory of Causation

1. X is a total cause of Y iff changing X will change Y for some values of
all other variables that aren’t descendants of X.

2. X is a direct cause of Y iff changing X will change Y when all variables
other than X and Y are fixed at some values.

3. X is a contributing cause of Y iff there is a directed path from X to Y
such that, changing X will change Y when the variables not on this
path are fixed at some values.

Type of cause | What is held fixed

total all other variables not descendants of X

direct all variables other than X and Y

contributing all variables not on one directed path from X to Y

o e [ih
\./ Y=AVB

X is not a total or a direct cause, but a contributing cause of Y

72/178



Woodward's Manipulability Theory of Causation

Definition (Actual Causation — Woodward 2003)
X =x is an actual cause of Y =y in (M, u) iff
1. M,ul:X:x/\Y:y

2. there is a directed path from X to Y such that, some intervention on
X will change Y when the variables not on this path are fixed at their
actual values.

Example: A boulder falls (B) and rolls toward the hiker (R). The hiker
ducks (D) so that he does not get hit (=H).

H= R A =D H=BA-D
Problem: B =1 is a Woodward cause of H =0 in G1 but not in Go.
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Leibniz's “Static” & “Kinematic” Shift Argument

absolute space

universe 1

absolute space

universe 2

Vv = const

universe 1 absolute space

universe 2 absolute space

> 4R universel # universe2. TBH: “EXIE /HEIHEREARE.
> 3R universel = universe2. IBH: — ZTREERE LFHMH
ABNET universel MIAZ universe2? —. AAIRHENRE—ER

M. universel 0 universe2 ANRJ 3 #%.
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Know that, Know whether, Know what, Know who, know where, Know
how, Know why ..
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Classical Empiricism

external world z
sensations
(sense data)

- passively receives sense data
- initially "empty" (blank slate)

Figure: Locke, Berkeley, Hume: The only source of knowledge of the external
world is experience.

> How is knowledge of the external world possible?

> How is knowledge of the future based only on past experience possible?
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Rationalism

external world z
sensations
(sense data)

- passively receives sense data

- initially non-empty: some
knowledge of external world
possible prior to experience

Figure: Descartes: There can be certain knowledge based on pure reason alone.

a priori knowledge = certain knowledge independent of experience.
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Immanuel Kant 1724-1804

a priori | a posteriori

analytic
synthetic

v
?

X
v

Synthetic a priori statement =
truth is established by reason
alone (a priori) and contains
factual content (synthetic).
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Kant

built-in filters

external world :
raw data
The "noumenal world” - unstructured - actively receives raw data
- unordered - distintion between content (raw data;

initially empty) and form (data filters;
initially present)

Figure: Kant: All structure and order (causal, temporal, spatial, etc) is imposed on
raw data by filters (“forms”) already present in the mind.

AB SHEATE!
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Gettier Problem: Is Justified True Belief Knowledge?

Propositions

Smith believes “Bob owns a Ford”.
He was told this by Bob.
Bob then sells his Ford.

Meanwhile Bob wins a Ford in a raffle.
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Epistemic Justification

~N S A N
N N AN

7]

> Internalist theory of epistemic justification.
> Foundationalism
— S’s belief p is justified iff either
(a) p is a basic belief; or
(b) p is a non-basic belief justified inferentially by S's basic beliefs.
> Coherentism
— S’s belief p is justified iff S has a coherent set of beliefs which
includes p.
> Externalist theory of epistemic justification.
> Reliabilism
— S's belief p is justified iff p is produced by a reliable cognitive
process.
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Nozick's Truth-Tracking Condition

Nozick's Truth-Tracking Condition
S knows that p iff:
1. pis true;
2. S believes that p;
3. if p were not true, S would not believe that p;
4. if p were true, S would believe that p.
Kp:=p ABp A (=p o> -Bp) A (p 0— Bp)

Kripke's counter-example — Fake Barn Country
> Smith is driving in a country containing fake barns.
> The fake barns are painted green.

> In the midst of these fake barns is one real barn, which is painted red.
1. Smith looks up and happens to see the real barn. “l see a red barn.”
2. What if Smith looks up and forms the belief “I see a barn”?

» Smith knows “there is a red barn”, but doesn't know “there is a barn”.
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MEEE vs &REBSC

S1 I know “l have hands”. Kp
So | know if “I have hands” then "l am not a brain in the vat™. K(p — ¢q)
S3 I 'don’t know that “l am not a brain in the vat”. -Kg

— BARE AR -Kg, B, EiEE RPN B
ELHRE, HSERMARE AR AN
> Nozick's definition of Knowledge
Kp:=pABp A (-p 0> =Bp) A (p O0- Bp)
then K is not closed under known entailment.
Kp,K(p — q) ¥ Kq
> By Sosa's definition,
Kp:=pABpA(Bp o> p)A(p - Bp)
then
Kp,K(p — q) ¥ Kq
EMELRIE: (RAE p, ZBNY, p REN, (FE(E p, (RERRAESH
FEPAFIREFIREABEHY p. 04/178



IZIEEH vs RS

A A—> B Ao B K(A— B) KA
KA KA — KB KA & KB KB
S1 | know “| have hands". Kp

So | know if “I have hands" then “I am not a brain in the vat”. K(p — q)

S3 I don't know that “l am not a brain in the vat”. -Kg

Possible “solutions”:
> Impossible worlds: inconsistent alternatives

> Awareness: K = awareness + implicit knowledge

v

Algorithmic knowledge: K = answer by algorithm
Timed knowledge: reasoning takes time (polynomial time)

Neighbourhood semantics: still problematic

vV vyy

Counterfactual implication:
> Nozick: Kp :=p ABp A (=p O0— =Bp) A (p o> Bp)
» Sosa: Kp:=pABp A (Bp o> p) A(p o> Bp)
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Aaronson EF1TEEZ4MHRYEIZ
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%, MEZEHATRE, BMERIHERTEERIRNRERR
EEETAIRY?.

— Scott Aaronson: Why Philosophers Should Care About
Computational Complexity

SEILAUAIBUASS A E— ST AR AR, HPRRESERENER
ERET™MIRETX R
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Hilary Putnam 1926-2016

» Putnam’s “brain in a vat” experiment: (no) real experience.

> Even if you're a brain in a vat, you can still reason, “| think, therefore |

1"

am.

» Brain in a vat which thinks that it is a brain in a vat?
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Putnam’s Semantic Externalist Argument against
Skepticism

Assumptions:

> Causal Constraint: A term refers to an object only if there is an causal
connection between that term and the object.

v

Disquotation Principle: “p” is true iff p.

My language disquotes.

In BlVese, “brains in a vat” does not refer to brains in a vat.

In my language, “brains in a vat” is a meaningful expression.

In my language, “brains in a vat” refers to brains in a vat. (1,3)
My language is not BlVese. (2,4)

If I am a BIV, then my language is BlVese.

. I am not a BIV.

No ok =
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1.
- ATV B AR
- SMfAIE RGBS ERTEESZAYTAN?

2
3
>
>
>
>
>

>

{CIRIED

SMATFRIATEN?

Deontology: {TaNEBREACIEMNE (BREEN).
Asimovian: ROJEEERIGE (BIFENTAERN).
Utilitarianism: B ARMGESSFR.

Do-no-harm: MYUHITESHARERHE.

Do-no-instrumental-harm: AMEHAISSHARERNE, [RIEFER
—FrAEFRHARYRIVER.
Principle of double effect: —{MTaE AlE=AI HBENH

1. {TEhASYRREN. SEEPIZAY

2. FHRWIRBERIARIFNER, HAHERERIZN

3. ABELALH BAr AFRFERIER

4. FFHSER IR TIAGIHER, ENREFIEE, mMAE
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—ECIEIESRILLIR

BRie BXie EECHES
EME | goxpen pammey | EORASKEES
s | = Y (BEEEY | g
~F =] %) 7o)
-3 ISES 1758 !
cioer | EEMRER T | MEABN, TF | mo 4 o
S % z %(l&eénsﬁ_’ini BEEN (rational | ABIEIE  (social
reasoning) reasoning) practice)
RS BIFIR (HUsEES ([ USPN
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Utility Population Problem

Thanos

BRIRREBIT—MEEE, HRAOSED—F, BETHAREEARZER

REPAEIE.
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Family
. Friends
Wevlvght > Acquaintances
N —— Countrymen

Persons

Do most people value higher the well-being of people they know better?

Self
Weight
WI
<z ___ 7T T -Persons
The ethical egoist
) <ZZ ~ T _=> Persons
Weight y ——
w,

i
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&1F vs B1F

> PR RNETARFD Alice 12 JTER.
(12,12)

> (R LUSERIEEFRY 0/4/8/12 TTHEE Alice.
> REBIRET Alice 204, BIEBSTELE Alice FfETLLAYER.
(12 — x,12 + 3x)

> BF Alice ERBRSROE—3P01EHEk, 2ESLD, TR T
ES.
(12—x+y,12+3x-y)

> {RIEELE Alice 2087
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B HEZEIM. — Tversky and Kahneman

1. EfEETTHISESE 600 AL, B RFEN S Z=:
1.1 52 A: 200 AFEEL
1.2 755 B: 1/3 AUBEER 600 ALEBIRIL
2/3 BT AR
2. EFEZRRIMITHESE 600 AFEL, BB !
2.1 A% C: 400 AFETS
2.2 5ZE D: 1/3 BIERGB AT
2/3 BUHEER 600 ALERTET-
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{REF 2

M)
H

I
H

nig]

mnig]

A

I
H

nig]
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FEHFARGERG?

RERRE

> RIBE— A FHAIHR.

> XENNRASEEHAER LAYRE IFREAZ—IELC.

> RINB— 1 AREN— MBS BRI FERR—
FEEA?

> REERREMAISIURIRE. ...
> (RIBERAF MR RD?
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Problem (BR/GIEIEIEZ)
K 100 3REE, HEENAD.
— AR AL, B—AREBEEERRIARIEYE.
RE—IXN=.
aER, WiEtbfls,; &1E4E, NEHBEARE.
Remark: EREST — FtbENX
1. FERN: FEYHHEe
2. RN SN icsiEEoEELT
Remark: ItXI&FFEEFE, mHEFEIELT.

v

vV vy
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TS vs IKR=AUGEHEE
DRI vs S2E036

1. IHRENBRRALD: KR (Hume), TZ-H7%Z (Adam Smith), 25
(Bentham), F2&f) (John Stuart Mill), FAZFE5E (Sidgwick). IRIX
R (Edgeworth) % ..

— farl, W

2. WANCHIKEAYD: EHET (Hobbes), i858 (Locke)., Ft8
(Rousseau), FEfE (Kant)., Z/REF (Rawls) Z..

— IXF. BH
— BRI S MABEUE R TFERAVIE S 4.

> K== AETF— RS L.

> BFLRZEINRK=B RS Mak=E&ERZx, MEE s~
BBFE— 1 EPEUWESFR.

> K=/ T.

> (BEIRKE, K=\ MRIBIZE~BHEREI LB, BrE£8X
&5
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BiEet PK B7RER
HAEEARRA vs SRAMtER/NRDY
1 BIR% A 1 B INEERTERAAEE, B EREERS, e
ROUARBER— A, ROZIRSEHIE?
2. ENEEHBERR, BISATURTIIEREREARGE A 5
I, FEACITEHEN b FOREW, MZ5E S

4John C. Harsanyi: Can the Maximin Principle Serve as a Basis for Morality? A
Critique of John Rawls's Theory. 1975.

BFEe: BRAUERNRNIBEE R /IBREATEAIE? — NB/RETESAIRLH.
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http://piketty.pse.ens.fr/files/Harsanyi1975.pdf
http://piketty.pse.ens.fr/files/Harsanyi1975.pdf
https://mp.weixin.qq.com/s/8oGHtz5bfmqSqPuUnaFfsQ

BR—F B BT ?

DOFIEN vs EfECES

1. BRFEPREFE—MERGERIEY), thERRERME R EYE
EEXRRIAUTE. MRS REARIER.

2. BRFHPRAEAE—NEREIEY, tERtBaEEMREEYIE
EEXRERIRE. NIt AZ2TER R ERIMS.
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vV vy VvyVvyy

v

v

HFIEN vs EECIEZ

RRUEE (RBF)

MRIBMER, AANEW. 1L, BAZBEBERITEH.
MR Eth AR E—iE.

X BIMEFETIZMER. BL, R 1175, SIREREESE.

WkT, WITSE, BigiEE.

X T —ERAYE. AMMBEIGUERMEIE—T, IMEftE CRERRER, &
i IREHIISEIBIAM. fthhk EARH], MEREBAS —KEL T
MIEEEF R EH], Bt 1T5. thEZIF EERK.

TE—28, BEFHHMAORENET .

BT ANBIABBEMER, SBARBEREMNE. A, BBEREHRAEHARKIE
CXET. MILHIEFREXTHNUA, DRAEERZTINE, FEMES T
%Am@%ﬁﬁ%ﬁm WAEBETH T, MR BNEBRLSHNEERTH
ne.”

UREES AMTHMmERR, EANETHSATNRSZERBIPMMIIETME, X
EREEEER/MEM.

> EETHRERIVE, MISABRAMEEHRAE 7, MARARSAHNEA.
> (EfbI NN ERE R
> WE—IEERNRBFERIBNE T, Bt AT, HIEH.
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Dualism, (Materialism, Idealism, Neutral) Monism, Interactionism, Preestablished

harmony, Pluralism, Epiphenomenalism, Emergentism ...

M M

Py Py Py ~ P
Py —— Py My — My My —x» My

I I T AN T

| | X

I I N
Ml M2 M1 Macro- cause7M M1 MQ
? ? ‘ AN A | |
e —— o ? | | |
' ' | N A\ \/

. Pi -==» P

Pl P2 Pl Micro-cause P2 1 > 2
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The Doubt Argument — Dualism

“Cogito, ergo sum.” — Descartes

1. | cannot doubt that my mind exists.
2. | can doubt that my body exists.
3. Leibniz's Law: x and y are distinct if they have at least one different
property.
4. Therefore, my mind is distinct from my body.
Problem: How could they interact?
Is ‘being doubtable’ a property?
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Shakespeare — Halmlet

What a piece of work is a man!

How noble is reason!

how infinite in faculty!

in form, in moving, how express and admirable!
in action how like an angel!

in apprehension how like a god!

the beauty of the world! FFEE 254!

the paragon of animals! J5#¥)Z R{!

And yet, to me, what is this quintessence of dust?
man delights not me;

no, nor woman neither,

though, by your smiling, you seem to say so.

114 /178



Contents

115 /178



1Bi% vs 1IBX

in(kim,r123). ki /\\
part_of(r123,cs_building). r \E|
in(X,Y) « ‘r0.23 >
part_ofiZ,Y) A cs_building \)D
ln(X)Z) . ln o o
part_ofte
* person(s)

!
$ in(kim,cs_building)

Figure: The computer takes in symbols and outputs symbols. The meaning of the
symbols are in the user's head.
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-I«IZI%_ - IEL‘JH\ZI:E\ - TH?%

» What is the meaning of ‘meaning’? (symbol grounding problem)
> How do words relate to objects? thought?
» What makes a sentence true/false?

proper name predicate sentence

l 1 l
sense of the proper name property proposition

l 1 l
object concept truth-value

1
objects that fall
under the concept

Table: Frege: symbol, sense & reference

Frege: The meaning of a term is a function/algorithm which computes its
denotation.

Wittgenstein: The limits of my language means the limits of my world.
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vVvyyvyYVvVyy

What is the meaning of ‘meaning’?

Frege: The meaning of a term is a function/algorithm which computes
its denotation.

Carnap: The intension of an expression is a function from each
possible world to the extension of the expression.

Wittgenstein: Meaning as (context-dependent) use

(family resemblance)

flying horse ——

The morning star is the evening star.

Sherlock Holmes is a detective.

The flying horse is not a horse.

The round square is round.

The golden mountain does not exist. 17 /178



Charles Peirce 1839-1914

“Men and words reciprocally educate each other.”
— Peirce

“The mind is a sign developing according to the laws of inference.”
“Logic is formal semiotic.”

“Every thought is a sign, taken in conjunction with the fact that life is
a train of thought, proves that man is a sign.”

“All this universe is perfused with signs.”

4,
@, @®

Interpretant L
S~

Sign Vehicle

Sign

Object
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Jerry Fodor 1935-2017 Language of Thought Hypothesis

> LRFABEES: OIERERTLIENESRIESRFFIIK.
SERFHREVEFRIEZENXR.
— B;p iff there is a ‘mental representation’ S such that i ‘believes’ §
and S means that p.

> HDRITEES: B4EIRER BRI token FHIHEMAITEIZE.
» BHESHRIE OEFRIBIEESHINE AN BEAESHINEN. B4
EETRAHESATTE.
Remark: KIERETTAILARAE (FFS) #E&08? LLAIEASKRIE “RF"?
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Logical Positivism

v

Analytic-Synthetic Distinction
> analytic sentence = a sentence that is true/false in virtue of its meaning.
> synthetic sentence = a sentence that is true/false in virtue of its
meaning and how the world actually is.
Verifiability Theory of Meaning: The meaning of a sentence consists in
its method of verification.
> It's too weak! e.g. “All metals expand when heated and the Absolute
Spirit is perfect” is verifiable.
> It's too strong! e.g. “Superstrings exist” is not verifiable.

v

v

Observational & Theoretical Languages

v

The Role of Logic: analyze the language of science in terms of logic
(Deductive & Inductive).
Problems:

» Hypotheses cannot be tested in isolation (Duhem-Quine Thesis).
» Nothing is immune to revision, not even logic (analytic sentences).
— Move from classical to quantum physics requires analogous move from
classical to quantum logic!
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Popper — Falsificationism

> A theory is falsifiable if it is contradicted by an observation that is
expressible in the language of the theory.

> However, it is models of theories, not the theories themselves, that are
tested by experiments.

> In general, it is possible to falsify a parametric family of models, but
impossible to falsify the class of all models of the theory, for it is too
large.
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From Logical Positivism to Logical Empiricism

> Verifiability Theory of Meaning: The meaning of a sentence consists in
its method of verification.

> Holistic Empiricist Theory of Meaning: Theoretical claims about
unobservable phenomena gain meaning from their place in the
structure of a given theory.

Logical Empiricism theoretical Logical Positivism
jclaims

primitive
concepts

1
1 1
1 ’ \ < !
[ ASRLAERRN ! 1
N N S 1 defined
DAY A A ' concepts O theoretical
! 1 1 [ \ claims Q
: 1 : [ \
1 1
: 1 : 1 : : :
1 1 .. 1
empirical ! .
p observational |

concepts

claims RS%

"soil" of observation 122/178




Logical Positivism

Phenomenolism

Falsification
THEORIES Rl
(Popper)
Realism
Correspondence
FACTS == Theory of Truth
(Tarski)

(based on existence)

Pragmatism

Pt

THEORIES

Pt lism

FACTS

> Pragmatism denies realism not only in the area of theories but also in

the area of facts.

> There is no qualitative difference between facts and theories.
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Wittgenstein: Philosophical Investigations

“I shall not today attempt further to define ‘pornography’; and
perhaps | could never succeed in intelligibly doing so. But | know
it when | see it.”

— Potter Stewart

We cannot define words.
Language does not describe facts, it is used to communicate.

The meaning of a word is its use in the language.

The various uses of words can be best understood as family
resemblance.

> use A is similar to use B, because they share trait X
> use B is similar to use C, because they share trait Y

If a word is used in a new context, we draw on the various uses in
other contexts.

124 /178



Wittgenstein: Philosophical Investigations

» How are chairs identified? chair-as-place-to-sit > place-to-sit

> chair = 4 legs, back, place to sit, .. /_"
» All chairs share a “family [ I‘.
resemblance” in appropriate contexts '\’Z\ ¢

of use.

This family resemblance can't be
formally encoded in a rule/definition.

chair
platform

form of life = basic set of practices, behaviors, principles (No external

justification.)

language game = pattern of linguistic habits associated with a form of

life.

Language does not represent; rather, it is used by communities to

communicate.

Terms do not gain meaning by what they represent; rather, they gain

meaning by how they are used. 125/178



EFERY “HR"

> RESMABE—IET, BEERERIRME “FR" AIRA.
> REABEENBIAZFERIRA.
> BPARR: (MRRBSEECEFENIRRAR, AHEFARE

AR
AFBNFTTIEETER. BETIYEET BRI G
1, REEHFE.

SRR EIRER) BABHARSIEN, ERGEIAAR
=, BURRART AT, BB TR M
FATSEHR, TET CAEASHESBEPAIERE
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Quine 1908-2000 “Web of Belief”

What does “gavagai” mean?

> Scientific claims, common beliefs and opinions, are all interconnected
in a single unified belief system.

> Changes in any part of the system can be accommodated by revision
elsewhere.
(It confronts experience as a whole.)

> |Indeterminacy of translation
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> Holistic Theory of Meaning: A scientific term gets its meaning from
the theory it appears in.

> There is no single set of standards entitled to govern the justification
of beliefs.

> Justification of a belief system is internal to that system, not external.

» Scientific theories (facts) are social constructs.

What does “social construct” mean?
To construct X in the social world requires:

> Knowledge of X encourages behaviors that increase or reduce other
people’s tendency to act as though X does or does not exist.

> There is reasonably common knowledge of X

> There is transmission of knowledge of X.
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Philosophy of Language

> “Classical” view (pre-1953): language consists of sentences that are
true/false
> “Modern” view (post-1953): language is a form of action
Wittgenstein (1953), Philosophical Investigations
Austin (1962), How to Do Things with Words
Searle (1969), Speech Acts
Grice (1975), Logic and Conversation

situation

Speaker —— Utterance — Listener

> Speech acts achieve the speaker’s goals.

> Speech act planning requires knowledge of
— Situation
— Semantic and syntactic conventions

— Listener's goals, knowledge base, and rationality
129/178



Stages in Communication

Intention  Speaker S wants to inform Listener L that meaning m
Speaker S chooses proposition p such that Listener L is
most likely to infer m given p

Synthesis  Speaker S utters proposition p

Generation

Perception Listener L perceives p

Analysis Listener L infers possible meanings m1,...,m,
Disambiguation Listener L infers intended meaning m;
Incorporation Listener L incorporates m; into KB

Engaging in complex language behavior requires various kinds of knowledge
of language
> Linguistic knowledge: Phonetics, phonology, Morphology, Syntax,
Semantics, Pragmatics, Discourse
> World knowledge: common knowledge, commonsense knowledge

ET: SEEUER SRMsS7
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https://www.annualreviews.org/content/journals/10.1146/annurev-linguistics-031220-010811

ole &

Glasses
0]

My friend has
glasses.
L @ Speaker

p =argmax Pr(m | p)
p
Pr(m | p) o< Ps(p | m)P(m)
Ps(p | m) < exp(a-U(p,m)) «a is a parameter

U(p,m) =log Pri(m | p) — Cost(p)

Pric(m | p) =Xm€[[p]]P(m) “informative"” to the Literal Listener 13117



TERRET (Paul Grice) HHERZIERY “EEFREN"

1. #1270 (Quantity: be informative, don't undershare or overshare)
— RIS RENER, AOEAE

2. JFREFEN (Quality: be truthful, don't say what you don't believe)
— ARMRIE, AEERYE

3. KEX[REN (Relation: be relevant)
— R FXRANE, AEIERTE)

4. AR (Manner: be clear)
— BHRIEIR. BRIEY. @iE. BRE

Remark: Grice BY “S1ERN" AIERFEREL U(p,m) B.

> HEIRN. XEXJRN Pri(m | p)

> BREFRN. KEKEN xmepp)

> RN Cost(p)
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AR FERE?
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A
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e,
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MEFEENRF R ALR SN BRI ERS.
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The Unreasonable Ineffectiveness of Philosophy

BB TELETEARE
R, TSRS, RS ARE
mER7, AREAER RIS SRS, TR RS
FORRIR, D, T 4 B AREA
R, RN, EAMERAS, ARSI R, SRR
RS,
ST A — e, AL — FSRELKR, IFER, RS
WA AT, BNREARIAS, BRREEHATES &
T _ e
SRR B RS RAA.
Ry
S EAET—ER s E TS, Jhases
e
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The Unreasonable Ineffectiveness of Philosophy

MR—MEFFIRAFAEENN, BB—EEMABER; NRAZEM

NEERS, BF—ERERY. — =28
HFHEAERESRIIG? F—F&, RS%, B—F K7 =X
M, H2EIRET. — ZREE

HZZTRIZ, #iGFE2TH: CEN. 2L, EEEEARE
=

BEERHEET ARENKRE £2ERKAEM, BEIRELIET
AN, S —RHAARFENEE, RE RN “FRFEFHRIRTUR
!

HEFOILMEABEZREARA " g AR B “HEIEp”
ARGEE N “BR", RKWKEE N, HLEEEE. — Johan van
Benthem

EH/REA, BBtERNAZHII—LEFZIIFRIE.  — RBEg
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fIEREEklS RE 5 IERE (IR ARIE.
"M LE #0 R RIFRBR?
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R L SRR

R W{aRRiEklD “RIF 5 IERE (IR hRE . EmLEE

M -

) BISRRR?

> BAESCUEE N BEIIESCidH e
> RE/R: AR
> ERL SEIUTARRIE

— GEARZFUARRE, FREANEFEMERS, MEENER
BB IESINIEEDITRMRE. BEERIFEAEIR
TRIERARFAES.

RIRFEER: RN

— EERSIRIPT. SRIPHANESBE TR E AT,
T RS RGIM AR EAERE, AT S R LRI

> BRERFIAE: BAEMT MARCER—F RIEFEIEN"
> SREARNBRCSSEN. —TIRHhEE. RER—inE 8

BEITHE: SIIMEEE, SREBHUIETS, SEKESRERE,
R MHERIHE, BB TERME.
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T vs fEF

X

> REERATIER ST R

> IUABHEER? TEZERNZIFCHIRRES, MITWRINEES
AERIERIEE?
— — M EERBETIUASK, (BLEMER A4 B AL EAEEIERN

&Bre?
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Rl
1. Hempel ATBER/EIHEL TEEIRGIRIE

T EN
1

2. Salmon RYEISRFEEY: [RERALER

mE W, e
3. Kitcher HIGE—EAER). IR0IRHHRIRS

—MECEER—M BiECREAWENT B, B, st
> BN EEERAHESHAVEICHE.
> EE M EENEFIRHRRIRAI A TEESRIA/.
> PERMEENEENERNER.
*HE—MHER RO EN T BEERTN (EE, BAERNRRESHE.
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—\\H:|
Hif
HH
R
=i
H#

[ A ABKEHNRIENEW SRS TetE S EIR?

BEIETEEE: Li=Ly

BNRASIMMER: Li = Liwi, Ly = Ifwy

ERAIFERNERNE: L >0

EHRKEFER, BREIEEEHMAIEE » T/, BEaiRE 1 =mr? TN Iy < I

ENRAEREBEEREA: v > w;
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B R IRRIE" (A

> [BRE: A AEEFRHSERS 17
> RAKENEERA 0, ML AESERE, ETNSER h, BRI
BUKEA [ = hcot h.

AN /
/ I \\‘\
h

.
[
> B B HNBAILUBRFAKE | FREETRSE h = [tan.
> AT, HIBERSAREBRER, MASRERERRE.
> FrLA, I SRR FRERIBERE TR SRR
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ISR AR

> [ERE: AL TSRS, HUEMBIERSERIERRA TR

> KHUINER, S5SFHTREERRR, EA5ES, IS ER &
SERIEHIEN.
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IR

> [RE: KA KAT, HIABRRIRV ST EE?

> RIES AN FRE, — N BESINESEREEMER LS54

TREAYAS|5HRIERESERZATXS . KHURRIALEN, J0E

B ERNRIEEFNE | 237 SRR TREIHEN, EHERER

JEEEJZT—/MEI‘D]%E'FH RERENE11%. Eitt, 2SEREEFE)
L=
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Z= FEHmMBRY S IR R ARSI

D

®
Bob 0
4

> BT EESLIRR RIS E R E R IL Stttk ERENRERIS AR
X5, ZREMEHRESNRE: 51055RENZEEAT XS
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RLG— RIS ETURTE R R SRS

> [ A AEFRNFELZREGFL?
> BA, E=HERATEF, AFFELZBEINIME, TRIGF.°

Mirror

6An object is an incongruent counterpart of another if they cannot be made to occupy
the same place by rigid motions in a local region of space. Whether or not a mirror image
is an incongruent counterpart depends on the properties of the space it is located in. If
the space is 3-dimensional, or 2-dimensional but non-orientable, then “F"” and its mirror

image are congruent counterparts (e.g. a Mdbius strip).
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Cake Cutting

> Two Children:

1. One cuts, the other chooses.
» Three Children (A,B,C):

1. A cuts a piece of the cake.

2. B can leave it, or make it smaller.
3. C can leave the remaining piece, or make it smaller.

Whoever cuts the cake last, gets the remaining piece.
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> 19 HEEREREERKERLFE. —FEN=FE=MREERM.

> =MEREMBERK.

> AFERIFREFE —SERS=5FRNXIZREEINE BE
28, X, L=FERIIREHERZ BIRRMAES.

> BERI— NRERIAFERM, I AR TR

> ATIMREA, BEILSAZIE.
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> (I BEE HBERMAGEN—AERREEE — R ToIRS—
FH1EIBECRIFAANGER, BERIHEMIBIRRESRBEERRITNE
BIEECHIFAANEGR.
> PlEIR IRBFRAAGERN—ABE R AR B L = EHEEETA
AEEHN—HEEEHIEFEERE CRIFAAGE.
Example: {RIGTHiZFEBRISE D B9
1. R 2 Bt REE"FHESRATBREIEES 10 A, $—FE
R AZINSE.
2. {%B%@_ 7 ATt TeE—FHESRARE_F SR HuEIEES
10 B7T.
BEXREEESH 2; RXREEESH 1.
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olEE Ay

HEEFFS
EAEEEASIERERIRE, AT ESHEMSERRTH, MZigiH 4
HERIIEZ?

EZE vs (CIE
> REZANNSZICETRESIAA, BECIELRE. BA, CEE
EARIRSAPLARAEMBYEE, MEZRCARH EABRNREERR
7a.
> (NEERAENEIAA, BRIHCEECENITATEE N AREE
frrlER, BNZTCHEL. BEHERLT, MEBEXI 1980k
FELIIARITERIN.
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L. BINMEATHRE

2. BN ATHESE

3. BiNSEEEE

4. RINTEEIHESE: SEIMEEIHEE—R, PIRENARHNESE,

B RS SLIRS (HRIRB SR RINMEEEEEL=RER
FURMIRELE.

Theorem
RINEEEHRZED, IREIEE RS B G URES.

Remark: LCUN: AFEEE, (RAUEFRMTNZE 1 B, WREMN 15, B3
T 9 F, AR 1 T MRIREIMET 9 F (RHABARZ.
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VCG #1&l Vickrey-Clarke-Groves Mechanism

> REFRIRTFER: FARIABTENRET, RMAER. WELE
BN EB CRIESHRIT?

> BPARLUERHREE CRIRY, (B seENE—EEER "H"
HEDE SSREMARREING, SHEMERKIRE; AEK
F—PABIREFINL, MNBARWER, M, SN, MRE T
TR E At NTRAIRK.

—maxz vi(x)— Z vi(x*) where x —argmaxz i(x)

J#L J#L i=1

| FB5 i85
> FEFERSE)IIFHERER? BARSEHCHELRIFE LR
JIEE [ B3 | %8 ps

A 30 10 0
B 0 40 30
C 20 10 0

ait | 50 60 30

152 /178



Z\ﬂz'—iggﬂﬁ

> AB,C BIEFT—RAE. NEHHURKRBET 50% BEBRES
Hb@ﬁ

RIBIREEN, A 8 50% FIES, B 8 40%, C HE 10%.

TR @uﬁ 150 B, RIEZELZL, AB.C o3I 75 /3, 60 5, 15 FlE?
CIBi: AZ 80 /5, H270 /5, B—70i%

BIRM: AZ 85, B265 /5, C ’\,ﬁﬁ

BADTAF?

=N, (HA—ABRRREMLR, BESMHALETTRTRN.
EENENEARIRE: SREIVFERERZARIRIBEIEER, Ttakay
EEMENENIEERRIAFRTE AR AS AT sEAVER BB A S R 2L

vVvyyYyVvyy

vy

1 AIAIB|BICIC » {EAXBIMAERIREL A: 4

2 B|C|A[C|A|B R; B: 1)R; C: 1R,

3 CIB|C|A|BJA ,E:ﬁ:*U{EA :%C%.
KENAE [BICIAJA[ATA | jomems A 150><§: 100

Table: FTEAJREAUR IR 73;B:25J3; C:25 /5.



vVvyYyVvyy

vy

>

TR SRTIIE E

Mz EBE— P EZR A F1I— 1 EE B.
HHER A BCEHE, 118 a = 1500.
HALEEER B 5E, AI18 V = 6000.
HHEE B F3I89EE, 718 b = 1000.
AB iZ EADFI?

S:=V-a-b=3500 RBE{EHERAIFIRMNE.
AR x T/~ A MNOBHNE y &~ B MO BHINE. o8 FR
A F1 B FlIRiNME S B9 ECLLF (SI8BRREEX).

x=a+aS, y=b+pS
PHHMENRRMIUABFIREL W(x,y) = (x —a)?(y - b)P

(x*,y") = argmax (x —a)*(y — b)ﬂ
X,y:x+y=V
RAERMET—T5, 1X 3500 FIRISINEEMSAZ, FRLAE—A1
PR EAERE 3500. EULFREEAE 3500 + 3500 = 7000. E—HHHA
Bﬁﬁfﬁkﬁtlﬁ%‘ﬁ% % = % =a =ﬁ.
A R7318 1500 + 5 x 3500 = 1500 + 1750 = 3250; B f5315 2750.154/178
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HHITROBAI ] — RTE

v

WMRMHEFE—ZKER C, & A RLEEER C 5E, 71§ V'’ = 5000.
> HHEE C FRIAE, 515 ¢ = 500.
> AB MIZEADFI?

> AB GfEH A BIAFREREARZ V - a - b = 3500.

> & AB AS(E, W AC &fF, B9 B BFHE, C FUIBIREMAD 0, A £
EFFERIR V'~ c. Bl A (IBIBMERR o TIR V' - c.

> P AB &1F+ B BULFRERAE

V= (V' =) = b = 6000 — (5000 - 500) — 1000 = 500.

A BB T\Aﬁikﬁ,EiﬂBfAﬁkE’J Tooem = 50 B M &

A RI5318: 1500 + £ x 3500 = 4562.5.

B RI%575: 1000 + £ x 3500 = 1437.5.

Remark: KhEFZEXMN HEM.

v

v

v
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JEW vs (SR

> BMESRERR: SRR,
> SRIRERIVESEANIR: —15SFABUTHREER S —TI MR,
> FAFATAERAITRAGEIC - BiCaafEXeEe.

FEREXR

> AR ERVERE - UEXR: MRFSWAIERR— MY, BFREHES
ARZEE S, RAEEAN, ZHREA.

> REBAMNEFRARISRE: (1) iRB1IF, FREBE (2) FEEEBCS
A SEFEAFTIPRAIENL; (3) REREFREE=RE.

> ZEAMEARIRE: (1) *MERE EHEALBRIEAFMEAREN,
(2) BEREESRE ERABRNREBARNTAREBEESE 3) BE
1‘% NREFFBAGRIEARMIEE, AEABNHEERIEALN
M7=

> 25 FROESE - NEXREENRS: RE—HTAEB—5HY
Flat, AEE - KIEXR. BIAGRRI—LEREA, iREFAA
ERRIFRAEIEA.
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ZH-ERR

> ZEASREAFTSERRZPR: WEEARMAEEA—EEX
REARMATIEE.
> TiéﬁAﬁ‘éiﬂﬁ%MﬂEAﬁ’ﬂﬁh ETL S RIS RIZIRAE
YT
> BMEARBESSEMERBINIEARTH, MRAEBAAREHEXE, HE
& LB AR ST eI RS,
> (BRI ARBSRERBENBIR, REH" iREA1THT.
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SHCEARIRURISIRYIR T

> (RIS SERIRY e
> RAXIESE: INRBIEAZRXEHMER, RIBAZXBECHLER], XS
MNiZ5TEHREIEANFE, KIBAZEEIREN.
> BB (KEARMIZEBTEXE.
> XA T RIS SRR R
> RIUERIEREERIE SRR [BIK1E 1.
— RERIER RIS (90 80%).
> ERAYRRE
> RIBABBPREFERE, BRIAIZ SR,
> REANFEAAREEA, Sl ESENE, BRIAIZES.
> IR AREXIBEHNEE, BRI RIZELES.
> RIEBAEHIRIEE: REGEGE, BEIRNIZEE.
> AR A B TR, (Bt sESHRIBAZ BEIREEE
Fa.
> IBIITHR vs (EAMER
— BIHTEATBESHE N AL S H Rt A MR E

> ZEES TR KFHE + B
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BT E SRAYELED

> RERSEZFEA;

> ZIESS:

> WEHIIEER RAEABZEE,

> LA, BB RMELUEED, REELASEZE.
> (BREERTEH, 2EHRAMN.

> RFEX, RS

> IBROXEET. BE. HE
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B REIE)RR

> W: BRIA.

> Blg): NS, EVERIENIE FTA SRS, (BT BRI
BONARA. —iRski, 80 ¢ BK, SRS

P BT B

F: SHEIMAORLE.

U: BURFIMOIRERRSR.

o BRIOBIBSREERE

B R B

(1-p)(W+B(q)) +p(U - aF)
ERTEMAIFY-

W >

vV vyvYyyvYyy

v

1-p

B(q) +U - aF

v

SMEHEHIIRI? 3RS p, F. W, 0, B q.
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v

., NNETT2ER

> INGIZIRE— S FEEEII R W& AE
BBE | -2,-2 0,0

E;g@xgguzmmmm% B2 20D 1 00

> INET%: EATERRREE?” Table: SYIEEH

> I HEEENREE"

> INZH% “RTEEEENEE KE FRE

> VB “BRBEEENER" BBE |[0,-2 0,0

» I\T: “NREEEENER” AB5E | -1,1 0,0

> E—ERAEERED, AOAKEE  Tble SEF/MEEE
INTFZE TR

> —EUERZIIFE TIUE. Remark: SNAOBEMIAR, 11

> JUEHEANE, MEIRIEEA, REy REFEIAN, fOOBKAS
YR = MRBALERNS
B "HRATE, BRI TP, IREpeBiies, it

XS EFEEERIRE.
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FERRZR

PEFNFE)

PET | HH) = POFE)

_ PUTE | EPPETD
POFE | B P(ET) + P (15 | BT P(-EF)

> ARAMAE AFEFF

> PUENTAR, ZLLENTAZ
> IREKT

> IEKIER

> BT A AERIR?
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BUIBESERREF
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EIER — RIS

YIREY | REEY
YIEREL | 1,1 0,0
RUBEL | 0,0 2,2

> RERALOS, YIREAIELHED x, BUBERIAIELAIS9 1 - x.

> SHEA—MMRTS, WREAVEAZEXA: x1+ (1 -x)0 =x.

> RUBEIRGHAEERA: X0+ (1-x)2 =2(1 - x).

> MR x > 2/3, YIRELEESETR, KBEUREIE.

> MR x < 2/3, RMBELEESET, KBEUAEE.

> IR x = 2/3, MERABRFINEN M, B —IoiERARSERT.
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I

B -1,-1] 1,0
11

8] 01 |33

> REEIREILLHIRZ x, fBIRBIELHIZE 1 - .

> ERASA: -1x+1(1-x) =1 — 2x.

> REIRASEEAR: Ox+3(1-x) = 5(1-x).

> MR x < 1/3, BRGNS, FEE.

> TN x > 1/3, BBIRENE, FR%E.

> IR x = 1/3, EFRNERTE, FRRE.

> RV AOBRBR—3E8ERE, B—3REnILARIINGE, BEEII5%E.

T RNNERESIYE: (B, 88), (R8. &), —NEA/1YE: (1/3,2/3)

A BEGEREMEMHARCLE: EEEFBRZE, 8NAREI—ME
S: A B B; HERR 1/2; E5=EREX; iRcELH AR,

1. 9NR A, =R "B AR B, 1EF 58" & ESS.

2. R A, 1% 58" IR B, i%5E " 2 ESS.

3. Foi AB, LA 1/3 RUMESRIER: "€, 2/3 BUBIEREEE “88". A2 ESS.
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BARRFSHNEIE

> HERFEB AT HRRENESR, ERSEMEMETIRITHIE
R MEBREHUHNER.

> HEACERRENISERE, EAF—ERMETRMA.

> BAFEREAREEEFRITRI, B “HERWR" I8 TEER
& (B%E)

> BESHFRGAIN, HTHIECIE. BIETRRE L AMIBHRINEWESA
BEMEWS. YT ABANREB BT AL, BAFHEIF
MAERETMAE BRI BEEN, BERERNEARR
KA BENARIBRAASABIA BRI RFEIARRIZRA.
— @R 2. XL & F CHRAESRZET A, LIRS,
VIERS, “BEEERXRXFF"

> FESWREIGRIAEEERMXESERRTEA. bilArseL 5
8" AER, EIKH “ZF" eaEEETiIRE.

> "B BE & KE (meme)
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TEWIRAETRES Evolutionarily Stable Strategy

> S —MEERMTIEISAR IR EISER, SR CHIRTREARE
WERFFANE, BER, HARETARIEMEAEEERRETRE
7, MERB RS RRKARE.
> I REMIBNSIFES VTR, BERNERIER, WRE
?‘ng:ﬂﬁggﬁ?ﬂﬁﬁﬁﬁﬁiiéﬁé/ﬁﬁi, X MFERT ORI EE
i AEHY.
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BHARERE Group Aggregation

RE:
A, KEHBMNZRE. 4 B
B. AABBROZE L KZFHISGF. Cc
C. BUFROZIENERZEBE LHIHZA.
REAE:
A B| C
K= 1 1 1 AN BEENEER C #TRE
Z=py 0 1| 0 MEEE—E
Fh 1 0] 0  E{KEME SXEHR A, B H5IR
BARES |1 1]1/0 Z J/ESLL C.

Remark: BITZHHSERT, JLURYNEZRER.
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K= |a>b>c N

n
ZM|b>c>a L UUN a>b>c>a
FH|c>a>b

Remark: WNER(RETLABIERENN, BRA, (FELOERTH, (RATLABET
TR PK” RO7STULEE .

a>b b>cla>c

K= 1 1 1

Z=[q 0 1 0

RN al 1 0 0

ARG | 1 1 1/0

LEERENRHARS
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FrR

ZEIRE

SR=

a>b>c>d

=0

b>c>d>a

Fh

c>d>a>b

> FIEAEBAN ¢ > d
> d IRBEMEHHIG?

h/.

o/.\a’
/N
\C
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REHIE

- HEWSBEGE (plurality method): EREAKR—MREIEA
2. WIEIREE L (vote-for-two method): ERZ A MEIEA
3. RIBXIZELE (anti-plurality method): EREAR n - 1 MEEA,
B EIBR—MERIEA
- GRFRE (GPA method): IERXIFTE n MEEAFTHEE
> F—BEn-19D
> B_EEn-29
> BIHE—EB 1D
> BE—R 09D
GPA B EEEHIE.
. ;ﬂfﬁi&ﬁiﬁ (ranked-choice voting): ERIIFTE n MREEAHITHE
¥
51 ERITERN, RITESRRNEIEE. REREARETFEEE, %
R A ik
5.2 WIREBIREATHH, AEEHSEDIHREAEA, BEFZIREA
NEIRER, IRWNEZEARIZASTHDAEC.
53 BEE% 2 & HEIFEMREEARBIFEHET AL
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1A SR RN R R R BRI RIS T3 AR

2NER |a>b>c>d
2NNER [a>d>c>b
2MNMER | c>b>d>a
3MNER |[d>b>c>a

Table: 9 ™KL, 4 MREA

> IRIE “HBXNZEGE", a W ad > d3 > ¢2 > b0

> RIE "WUEIRER", b I b7 > d5 > ad > ¢2

> RIE RIBNZECE" ¢ BR: 9 > b7 =dT > a4

> RIE SRR, d B d15 > b14 > c13 > al2

172 /178



SBEIRIZEANRENEER?

3 PIEkS

a>c>d>b

6 Mtk

a>d>c>b

3 MR

b>c>d>a

5 Ik

b>d>c>a

2 Mgk

c>b>d>a

5 Mgk

c>d>b>a

2 Mgk

d>b>c>a

ANER |[d>c>b>a
Table: 30 PNER, 4 MREEA

> RIE B ECR”, o B a9 > b8 > ¢T > db

> U8R d 1B cl11 > 10 > a9

> W ¢ BHE: d11 > b10 > a9

> AN » IBH: d11 > ¢10 > a9

> R a iBYH: d12 > ¢10 > b8

> RIE “SREIESIE”, d B d58 > ¢4 > b4l > a27
> BIE “HEREIEE", ¢ W ¢20 > b10
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Arrow'’s Impossibility Theorem

Theorem (Arrow’s Impossibility theorem)

In an election with candidates > 3, any voting system that is unanimous
and independence of irrelevant alternatives must be a dictatorship!

> unanimous: if everyone agrees, consensus decides the outcome

> independence of irrelevant alternatives: a voter can't move a above b
by lying about how they feel about ¢

> nondictatorship: no single voter gets to decide the outcome
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XFToRIGTURIZ M ITA BYREE
R K= =/ Th &~

1 X X a a
2 a a b b
3 b b y y
4 y y X X

fAF | 5k= FN EhH @S
1 a a y y

2 b b a a
3 X X b b
4 y y X X
> FERANERT, x F y BERTHEIFR 1R, SKk=FIZFDURET x>y,

BRI v > x.
» B L, R 1 PREF x > y BALRBT y > x AR “BSZEE
U K2 MR, BliITESW, £ 14 x>y 2EEEMN, MF 2
Fy > x EEEERN.
> IIA EKRFERPHEIT x F0 y BURTF—F: BEA x>y, BEAy >
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T =1EEIE Social Choice Theory

> IR SREES BESRUNIBAERRE
> FEEMIREMNIGIE

BeFAlE: IRERIABERIEIRIRAIRIE

FolEENE: (RABEIERRLSBI AR THRIEARIE
ozEt: (FECREREIRNEEAEREHRET
RN ZAHRENES D ERA SN IR

vvyyvyy
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FEAIWRUERR Zero-Knowledge Proof

> INMERINSEH T —IE PR MERIEURRR.

> INEBAEBALE, MRNIERE: XIETTHE!"

> N RSN IREBRXEEHR. BASTERE
BRE, DRELRMEIRFAHSEEXEAIRE

B HEENAANRT ©
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https://zhuanlan.zhihu.com/p/34072069

Thank ]
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