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SCIENCE OFFERS THE BOLDEST METAPHYSICS OF THE AGE. IT IS A
THOROUGHLY HUMAN CONSTRUCT, DRIVEN BY THE FAITH THAT IF WE
DREAM, PRESS TO DISCOVER, EXPLAIN, AND DREAM AGAIN, THEREBY

PLUNGING REPEATEDLY INTO NEW TERRAIN, THE WORLD WILL

SOMEHOW COME CLEARER AND WE WI

L GRASP THE TRUE

STRANGENESS OF THE UNIVERSE. AND THE STRANGENESS WILL ALL
PROVE TO BE CONNECTED, AND MAKE SENSE.

E. 0. WILSON




14
Development of western science is based on
two great achievements: the invention of the formal
logical system (in Euclidean geometry) by the Greek
philosophers, and the discovery of the possibility
to find out causal relationships by systematic

experiment (during the Renaissance). ”

— Albert Einstein, 1953
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Friedrich Engels: Dialektik der Natur, 1883
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Plato Aristotle Euclid
(c. 427 —c. 347 B.C)) (384 — 322 B.C.) (c.323 — ¢.283 B.C)
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Plato
(c. 427 —c. 347 B.C.)
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THE ONLY TRUE BEING

R, IS FOUNDED UPON THE
pPUFSTSREL"  FORMS: THE ETERNAL,

A al"  UNCHANGEABLE,
PERFECT TYPES, OF
WHICH PARTICULAR
OBJECTS OF SENSE ARE
IMPERFECT COPIES.
PLATONISM
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¢ EXISTENCE (35895 &)

There ARE mathematical objects.

¢ ABSTRACTNESS (#5494 %14 )
Mathematical objects are ABSTRACT.

¢ INDEPENDENCE (3 5789 %k 5 1)
Mathematical objects are INDEPENDENT
of intelligent agents and their language,

thought, and practices.



Aristotle
(384 — 322 B.C)
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Amicus Plato, sed

magis amica verltas

ARISTO TLE

( Plato is my friend, but
truth is a better friend. )




BRI

Euclid
(c.323 — c.283 B.C)
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Leibniz G. Boole G. Frege
(1646 — 1716 ) (1815—1864 ) (1848 —1925)
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» wHFR, R (inference) 2 “fEAEEMRLE

BRI 17N

= 7EZiEF, #EIE (deduction) BBIL—PIEZHEI

eFM (premises) RIGIEHEAEE (Eik) HITRE

s TEHIEBELHXEREY. EEMPE =
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Bid (KER) BTIREME ML R k=S M N A HEIE 75 UFR
238 (inductive reasoning) , JAAHEIR ARIRE N,
HMm~E “45ig(conclusion)” , RIGHZFE TN HETE

Observations =— start over ‘ i‘ ”' \
l o ﬂ\‘p I‘l"'
ALy

Hypothesis

hypothesis
Experim ents N rejected

\. Additional |

Observations

: Observation e =L

improved

| Inductive

Reasoning
Theory
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BT ANABTIE &L HHE DSV EE T A REEHEE
(deductive reasoning) , JEEZEEARKREL L. WF
R BVHETEIY FEZHETE
start over — Theory / Hypothesis
‘ }
hyp_o’rhesis J— Observations _l 1

rejected F Experiments
L Additional ___/ Hypothesis by
Observations 1
| Hypothesis _

. improved

Deductive "™P |

Reasoning

Theory
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Frege, G. Peano #1 B. Russell ZtEZE 7 1Y, ER=—TE
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= Intuitively, a good argument is one where the
conclusion follows from (i.e. entails) the premises or

assumptions. — David Hilbert
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o4

=5
BidiE) X

Xo
A “inEE (propositional calculus)

n R ESHERGEAZEAEMNHEIEN N < B H B E
& (trade-off) , XSG ZELARRE RN
PNEWIERGMERBIERERIFME (paradigm) .
AL ENHEIE R ST
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w PEHEERFESRET (D. Hilbert) FiRpIMSE, HX
AXRENEZEAEFMBDEENN, XMEERSE Rt
MEENLEE LR, NHARGERHNVHEEN N HITHEE, &
FMNERVAESE, FRMARGEFHEE (theorem)

= EX (EH) :

o (NN rEHEEIE:

o QEARAMARNA - BEATIE, NBEEE;

o Q) EEIEEXeIBEAESRNA (1) F/5K (2) 3k
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IBRSH— M F

FinalEH  (Standard PK) HRRY/AIE (Axioms)

N

NIEH

= fR

THEN-1: & — (x — &)

THEN-2: (& — (x — ¥)) — ((& — x) = (b — ¥))
AND-1: & A x — &

AND-2: & A x — X

AND-3: & — (x — (& A x))

OR-1: & — ¢ V x

OR-2: x — & V X

OR-3: (& — ) - ((x = b)) = (b V x — 1))
NOT-1: (¢ — x) — ((& — = x) — = )

NOT-2: & — (& & — Xx)

NOT-3: & V = &

s HEIEIIN (Inference Rule) : MPT (4°) : ¢, d >y x

tiE Modus Ponens #9327 L& XA “method of affirming”, BP

RS @ F R A A9 A AF BB 4 the way that affirms by affirming. 24
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= f*: AZapR, ERAEE: A- A (BMEMA: FA-A)

JEBH

L(a=(@A-a-2)-(a>WU-1)>U-1)

A3 THEN-2 i g =A, y=A—A, p=A4A

THEN-1: ¢ — (x — &)

THEN-2: (& — (x — ¥)) — ((¢6 — x) — (b — b))
3 THEN-1 @it o =A, y=4-A AND-1: & A x — &

AND-2: & A x — X

AND-3: & — (x — (& A x))

2. A—)((A—)A)-M‘l)

3. (A (A-A)->(A-4A

2a D) Fo Q) @it A Bl & — & \V x

4. A->([A-4) OR-2: x — & V X

A3 THEN-1 iiid o= A, y=A OR-3: (& — b)) — ((x = ¥) - (& V x — ¥))
NOT-1: (& — x) — ((& — = x) = ~ ¢)

5. A— A NOT-2: & — (= & — x)

8 Q) f ) @dFEaH. o NOT-3: & V = &

HIER 5 25
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= BHRBEERZNKERS (G Gentzen) BINE

o  “HAAKAEMERTREE TRRBELG—MH L EL. PrkiR
L ‘T E] ;'}\ /‘f’ 97‘ j‘%’— o Gentzen: Untersuchungen iiber das logische Schliefien

» BARERZICEMNFLRERGZHERIONRIE (EZ2LTRIE)
IR 2 AYFEIE A ) 44 Bl

» BREERGZNHEHERGENRE (RAAIZ) Bk,
FRARMNEHAET NN AEEMN “gaih” #17EE, 5
I AARMABTNEL (28 ARERFL—EZRE
T A, ARIES AR A Lo &8 A A )
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i 1.A:<AVB)°OO
(AL 2.(AAB)= A4

B 3.4—> B, A= B
R 4. A—> B,—B = —4

i =i 5.4Av B,—B = A

YE K 6A>BB>(C=>A4->C
TH 7. Av B,L—Av(C=>Bv(C
EBEIN 8. A B=AAB
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AL By B9k BT

TABLE 1 Rules of Inference.

Rule of Inference

Tautology

Name

)4

(pA(p—>q)—>q

Modus ponens

p—q
g
-q (=g AN(p—>q)) > —p Modus tollens
Pp—>q
sie AP,
p—>q ((p—=>9AN@G—>r)—>(p—>r) Hypothetical syllogism
q—r
S
pVvq (pvag)A—p)—>q Disjunctive syllogism
=g
P p—>(pVvyq) Addition
i PpNq
pAg (pAg)—>p Simplification
“p
P ((PMA@)— (PAq) Conjunction
q
oo DiING
pPVvyq (pvg)AN(=pVr)—>(qVr) Resolution
-pVr
e/ VA 1

HIERS

K

AT4%: Marcus & — {2 1F Ao
o AR: 4w EMarcusZ — 12 FA, LA —
TR o

> REAAMTLP: “Marcust—4zF A, 7

Q: “MarcusiR%. ”

~ .

> AR . Modus Ponens (MP)
P (AT %)
P-0Q (31 #)

) (% #)
> AN MP & 69K A X a9 ALk

P 1 Q| P30 |(Ps0)aP ((P—)Q)AP)—)Q
T | T T T T
T | F F F T
F T T F T
F|F T F T

o ##: “Marcustk%. 7 (Q ALaTREH)
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TiE BH ¢

(1) A (AT4%)
(2) AV A (B B (1))

3) (AVAANA (SEFIN 8(1)2))

(4) A (i g(3))
5) AF A (B4 ga(1)~(4))
6 FA->A4 (gbB)) . 0

HIERS

Bl (5

/[T
N—

HEBA
L (4= (@A->m-4))>((4>U->n)> A1)

3 THEN-2 idif o =A, y=A—-A, =4
2. A- ((A-> A) - 4)

3 THEN-1 @iz o =A, y=A—-A

3. (A—>(A—>A))—>(A—>A)

28 ) fo Q) @i ATt

4. A-> (A- 4)

A3 THEN-1 @it o =4, y=A4

5 A A

Bh G F W BEFATH O
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o “SRTFEFEHAMIFELLEERS, ”

o “RESKTHFUEKME, BMNFSEHFK. 7

o “E\HIAAENK, WIAVERBARRFT. ~

o  “EHRARMARIER, WEMNEEEENER, 7

= XA “BNEERERNER. " EAAERY
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 BumAET p: SR TFHAHE. ¢ SREEEEXRR. v
BAN= XK. s: HMNSFEHRARFEL. ¢ HK(N=HER=
BT EIX,

o “SRTEERAHLARBIELLERS. 7 ) apAg

o “RESKXTFHAM, BINASERX, "o r—op
o “BEMNAENEXK, NEMNESFRMAANSE, "Co—r >s
o “EBERMNFEIMAANR, WRNSAEHBENER, "Los >t
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“SRTFREEARIALIERA. ” ©) -pAg

“QASETFHAMR, BRINFEERK. " r-op
“ERNTEIRE, WRNSRBARIE. " ) —r > s
“ERNBIARIE, WRNSERSHER. "C)s >t

-pAq = —p LD A
-p,r—p |= ar (EXTE:T:E) |w;i| Iﬁ‘;’z_;ﬂ |ﬁ§;;qgﬁe
-1, ar—-s|= s (ERSHE#E) b ere a4 o

s, s>t — t (RS #EHE) |m; | I.ZE;I‘IM |:;;;|
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» FIE (PKRTEM) : ralERARSZPKE O ER
(soundness) , BJFrH o] Z£ PKH E EHRY /A 13
FEPKHIBEFN (ie. WNEZGEP,Q, BEP+Q, N

PEQ. i F RTEAEAS, FRTBNAS)
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