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With this question philosophy began and with this question it will
end, provided that it ends in greatness and not in an impotent

decline.
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The question of being is the darkest in all philosophy. All of us
are beggars here, and no school can speak disdainfully of another or

give itself superior airs.’
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Nozick, Philosophical Explanations, pp. 115-116 *
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Heidegger, An introduction to Metaphysics, p. 20 ®
Van Inwagen, Ontology, Identity and Modality, p. 57’
James, Some Problems of Philosophy, p. 46
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This dilemma, of having to choose between a regress which,
although called infinite, has nevertheless come to a termination, and

an absolute first, has played a great part in philosophy's history.
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James, Some Problems of Philosophy, pp. 38-40 '
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Why does the universe go to all the bother of existing? What is it
that breathes fire into the equations and makes a universe for them

to describe?
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He who has not, as it were, looked into the abyss of the absolute
Nothing will completely overlook the eminently positive content of

the realization that there is something rather than nothing.
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My philosophy does not pretend to explain the existence of the
world... A perfect understanding of the existence, nature, and origin
of the world, extending to its ultimate ground and satisfying all
demands, is impossible. So much to the limits of my philosophy,

and indeed of all philosophy.'®

Hawking, A Brief History of Time, p. 174 2

Huxley, Julian, Essays of a Humanist, pp. 107-108 '*
Scheler, On the Eternal in Man, p. 99 **

Schopenhauer, Arthur. The World as Will and Idea, §50 15
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Either the chain goes on infinitely, or it goes in a circle, or it reaches
an end-point, either a simple point or a self-subsuming loop. What

result would not constitute a crisis'®?

: 7927 ©»P 1PN XYY TPMYNN MIWONN NINY NYRYD INXIY NN WIHTH VI

Why is there a Universe at all? It might have been true that nothing
ever existed: no living beings, no stars, no atoms, not even space or
time... No question is more sublime than why there is a Universe:

why there is anything rather than nothing.*
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[This world] exists nonnecessarily, improbably, and causelessly. It
exists for absolutely no reason at all. It is inexplicably and
stunningly actual . . . The impact of this captivated realisation upon
me is overwhelming. I am completely stunned. I take a few dazed

steps in the dark meadow, and fall among the flowers.*
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Nozick, Philosophical Explanations, p. 137 7
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Parfit, "Why anything? Why this?", p. 24
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Smith, The Felt Meanings of the World: A Metaphysics of Feeling, pp. 300-301 *'
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Witherall, The Problem of Existence **
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Witherall, The Problem of Existence, pp. 122-156 **
Nozick, Philosophical Explanations, p. 123 *
Holt, "Nothing Ventured", p. 11 %
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The criterion which we use to test the genuineness of apparent
statements of fact is the criterion of verifiability. We say that a
sentence is factually significant to any given person, if, and only
if, he knows how to verify the proposition which it purports to
express... And with regard to questions the procedure is the
same®. We inquire in every case what observations would lead us
to answer the question, one way or the other; and, if none can be
discovered, we must conclude that the sentence under
consideration does not, as far as we are concerned, express a
genuine question, however its grammatical appearance may

suggest that it does.
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Ayer, Language, Truth and Logic, p. 48 **
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Witherall, The Problem of Existence, p. 21 *°
Edwards, "Why", pp. 300-301 '
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Questions of this sort do not lead to answers but to a state of mind
that appreciates the miracle of existence... the greatest of all

mysteries.*®
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Koestenbaum, Peter. "The Sense of Subjectivity", pp. 47-64 *
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Witherall, The Problem of Existence, p. 23 **
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If I say 'l wonder at the existence of the world' I am misusing
language... it is nonsense to say that I wonder at the existence of

the world, because I cannot imagine it not existing...
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In fact the unrest which keeps the never stopping clock of
metaphysics going is the thought that the non-existence of this
world is just as possible as its existence. Nay more, we soon
conceive the world as something the non-existence of which not

only is conceivable but would be preferable to its existence.
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"We crave to know why anything exists at all. But it is not

possible, so far as I can see, that this craving could be satisfied."
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Scientifically we conclude that our universe began about 15
billion years ago, but we must recognise the mathematical
uncertainties about the point which prevents us from finding out

what happened before the Big Bang.
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... the biggest question of all: Why is there something, rather
than nothing? Unfortunately scientists have even less hopes of
solving this riddle than literary critics have of deciding once and

for all what Keat's 'Ode to a Nightingale really means.
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Horgan, Op Ed section, New York Times, July 16, 1996 80
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Barrett, Death of the Soul, pp. 30-31 *

Craig, The Kalam Cosmological Argument *°

Bonaventure,. Sentences (II Sent. D.1, p.1, a.1, q.1) *
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Rowe, The Cosmological Argument, § 2 *
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"Must God Exist?", in Philosophy in the Open (Milton Keynes: Open University Press) 1978, p. 115
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The series of events is either caused, or it is not caused. If it is
caused, there must obviously be a cause outside the series. If it is
not caused, then it is sufficient to itself; and if it is sufficient to
itself it is what I call necessary. But it [the universe] can't be
necessary since each member is contingent, and... the total has

no reality apart from its members.
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The watch must have had a maker... There must have been, at
some place or other, an artificer or artificers who formed it for
the purpose which we find it actually to answer; who

comprehended its construction and designed its use.
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Paley, William. Natural Theology, p. 2 '
Hume, Dialogues Concerning Natural Religion, p. 168
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This world... is very faulty and imperfect, compared to a
superior standard’ and was only the first rude essay of some
infant deity, who afterwards abandoned it, ashamed of his lame
performance: it is the work only of some dependent, inferior
deity; and is the object of derision to his superiors: it is the
production of old age and dotage in some superannuated deity;
and ever since his death, has run on at adventures, from the first
impulse and active force which it received from him.

: 93]31

[just as a] great number of men join in building a house or ship,

in rearing a city, in framing a commonwealth;... may not several

deities combine in contriving and framing a world?
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Hume, Dialogues Concerning Natural Religion, p. 167 **
Taylor, Does God Exist?, pp. 92-93 **
Heidegger, An introduction to Metaphysics, pp. 6-7 *°
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The Biblical statement 'In the beginning God created heaven and
earth' is not an answer to... and cannot even be brought into

relation with our question.
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Thus even the fool is convinced that something than which
nothing greater can be conceived is in the understanding, since
when he hears this, he understands it; and whatever is understood
is in the understanding. And certainly that than which a greater
cannot be conceived cannot be in the understanding alone. For if
it is... in the understanding alone, it can be conceived to exist in
reality also, which is greater .Thus if that than which a greater
cannot be conceived is in the understanding alone, then that than
which a greater cannot be conceived is itself that than which a

greater cannot be conceived. But surely this cannot be. Thus

Parfit, "The Puzzle of Reality: Why Does the Universe Exist?", p. 419 *°
Mackie, The Miracle of Theism, p. 84 °7
Anslem, "Proslogion IT", pp. 116 *®
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without doubt something than which a greater cannot be

conceived exists, both in the understanding and reality.”

T2 NNNND N DYOIN DY ML NR

(ONM) VIBNY 1N XD VPN VIV DN H2TOOwaA W 1 Mn
11I) NN W VIAND JNNY 311N, 7292 DIV N (ORN) NT 72T OXR 2 NN
.1 9NN NPNDA NNN,(MNOXNI D) OOPY

INONNI 0) OMP ORN : IPON

19NN DO NP 27 (DINND DNYLN DX D) M) MY PNV DIPABN 790N
N HY NP NN DI PIONY 11 IMIT NNV ININY ,WITPN DIDIN YV 1T 12 ,10I10900

10551

2Y NP2 DX DDV, VINP GNR) DPNPR ONIN 127 ,(INN OOWIN 72T 93 5¥ IN)
MOPN 2D 19 MDD POVN MIAPN D DXNIDNN .NANIN MPN POIPIY YN
NNINA NI NYOVA TIDINN MYIANY NN ODIN,NTN OPN DXY TY DXIVNI NMIWN MNPIN
ND NN DYV NN 92T ,D5W N2 DYDY 91D PrTY XN, TaYa YOowa Y ONN DX D) oV 2
JMYRIN DNINY NPNDA NTOIY NN LTIV DOWA DY DRIV T DT 19-O) ,I19nD 1m)

STMYLN NV IO

(ONM) VIdONY 1N XD VHIN DWIV DN 2T OOvaA Y .1

72521 95wa N (ONND) .2

Y02 2 NNINYD TINNI) 1T OY N MAY»NN
aN2) DPLY ,OMINIVIIND DYV WITHY 2IWD NT NN DY MY PR IDIN D2
YT NN, DP9WoN HP) N YN DINPVN TAN GNY NN Y2IPN) INND .12 12D
DINNNY NI NN THINDINON NNNIINY M7 ,MNDININA Y0 YIDIY NVIY 1IN MIVTINN

DPYVIARLAN DY TIDN NORYD (5552 NAIVWND IN) NIITIN NAIWND
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N2IVN 1NN A YODY DMWY 099 SOITINDIV NN 12T DX NPPHON PPN )10 DN

1IN PP TPNINN NNNIIN YY D) IMMY DININI NN ,NPPPANVNN YV TIDN NINYY

DIVON

YN NINION 1.2.4

SY MWD MM THD-DY DYP NPND 21N NWHY NN YT WY NNPD 19010

DY MVIVDIONP NPN YOMP WX IAT DY MYVLNY NININD )PONN ,OVYND 1N ,0PP MYV

JPVIDIN NOT VDR INYNRY TIYONY NDIND NPONN IN,NIMN WIVY INWIND DY NP DT

Nagel, Ernest, The Structure of Science, p. 32 18
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TN HNYNY NPIAN NP NNMN KD NINN ,NI19NI DYP DWW Myva ,5wny 7o

NNMLA NYVIN YIDIYN YANY OND DY 1IN NYNIN HYON DWW MY RINHND 11 ,DPP NN

W MYLN DX XN P TWNI) NI 19IND PNYON NN PIXI DN : 7NN OSINTINN IWRN

- ("non27 ONTINN WRN NN L - ro»p o9wnr miyon NN 9NN NN YNIWY 1NN

p g
P
-1q

NOY N INURIN ININN MIISAY ROX (DIWO DIND DITIN M) 9PN 1IN PNYONY 1IN

NN .7DIN MINNN NPNX ,TPYIVN NOYA MYVLN NX DXNDIN NX 1Y JPIND IIRNND PRI

DYWN NYNWN NN HNIW NN ORY SN0 Dt 0 (P — ) 9o pasny v nayon

()PLN NN ODIAPN ININ 0P

(p—>0q)
P
g

SV NPYVLINDN DXD-DY) NINIAN TN NHONTN YT-DY OUnd MKRIND P IMIPN-IN NRY

: (N5 NY9N MINMN WK ,SS NoYN2 DIIWAN MNHIY

p(w) =T, q(w,)=T
p(Wl) =F, q(Wl) =F

D22 DY Wi MIWANRD DDA OMIPYY ,Wo MONRIVPNN DDA DOINNX g-) p M Iwoa
(D»IWANT MNNYN DI STPNIN P> q PIDIN ) TPINIX CI(p=2 q) 1IYION NNIN PORIVPND

MNNIYN Y92 STPHRX N q PIDaN 22) MIPY Cg NN MPON TN ,TPIPHN P NNINN ON
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NPIHIN POV MNIN OMIVART MNJWN TANI 1Y ,IWY DOPY INRD (DOPIVIND
APNIPN PO, NIPY INIPON)

NN ONUNY NPNIN NHMP NNMD KD NINKR ,NIOND OPP OIVIY ,Myva ¥ 09N
YNION ONIN JOX INND NINK IN T MINOND DY DNPPA NPIND NPNIAN :GON DY [, NONUN
NPNAND DY NNYP NN XD PA0ND Y12 MININ NONYIY NTWA PR ODIN [, NORYN MINND
NPOIAN NANT DY NNNN DXPNY TN DY IMN NOD 1D .NMINNND NN DY I0PP IR N
D»N2A INYIND 021N NON DINNX NI DTN DY DXNN MO PID RID W9 RO POV
NN YIPNRN NN PADNY YT N2 NP XD NNSY IMONNN TR, TI-DY MNNY >T1o

NNNIN DTHYM ,DOOWI HY DXDDINND DIPNIT) VX DMHIVIN DNMNNY IO DX IR

25995 PP RPNWY NN MY¥NNT DN YW INPP NTIY NN PI0NY 1PD Y9W NN

12959395 nnon 1.2.5

NPIXNON DY DOLVPITION VYNNI YN NNOI YHNYND NNPDN 1900 WM
PNY .OMWI DY DXODINN YN NNPDN D) TN INYN NPNY IPNY MXIND YTD ORIPN

s ot
PI¥n JyAX(Xx=y) Pvanw Nan /O»P ar MYLN IR PIXN IxX(X =a)Proon

:TIPND INNN MYLN NPOYY NPRN-INY NVIW NN .DMP NN’ NMIYON NN

—JyIx(x=Y)
vy—-3x(x=y) \a
—3Ix(x=a)
Vx—(x=a) \a
—(a=a)

*

Witherall, The Problem of Existence, p. 59 1o

NN DWN NN 12V 19IND DRNND YOWDIND TIYY TPVIIN MINIONY TPNY NNNIDN P2 MININND ,NNND 120
SOODYINY N0 DN

Witherall, The Problem of Existence, p. 56 '*!
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OND NNN N YOMPINYNIY NIYOIY 2N NN INNN ZDMP INWNY ML NYOWY INNRND
YNNI POONIN OD0OW NTAYNN YN (MINK NIT NMININ2 D) 1) N INDNA SWON
(MINX TIT 992 N ,TOYIV TOXPITT MYNNHNI  NNND-INY NVOVWA OX PA) DOVPITIN
NNV PIDN NN DPNNY NI NODIAY NDYON 1) PP NN TN DINNY TI-DY DXOOINN
NN DY WD NN NT NPV SWINY ININD .OMPIY a NYHN DY MIYN N1NIV1A 59150 NNon

N2V 2N, TPYNIN NPMY DY MOIYNI) NTIAYN DR DYV IPX T TN DN ,Uiiann
ATPNS NN NPN EIyEIx(x = y) PIDAN P> NPND ORYI TN DINN

,DPPVONVLNN DY TION NONYY N2IWN NND NONON NPN LD OX TN DNNION D)

12291905 DY) DN PTYY TWAN)

How comes the world to be here at all instead of the non-entity
which might be imagined in its place?... from nothing to being

there is no logical bridge.'”

NN ,NNNION DY OMNMY DMND DY MODIINN ,IOX MTHYN NNX GRY 10 OX 1N
NN NNY NMNDNA DMINNX PIND MNP MYNNTY MDIY DY PN ,’NNNDN NN NPIvNHY

1INWN Y DY YITHY  NYNRYD N2IVN

James, Some Problems of Philosophy, pp. 38-40 '*
By neatn '3

41



NPVLYYYNIVI MTHY 1.3

NORYI TPOUNNON-DTP VN NTIPIN TONR ,/NINYN W DD TR NORUNY N DY
NYN2 NYID DODYN GUN DIRPIVON DN DOVYN ,71PNDIDAN XYY 1PYY NNYY PN YTIHnY

JINT MVYY DXOMNND NNPONN NX N PND

NYNNN DY DIPY YW DY TN 1.3.1

NNDY, 249291 HY OINNP DTN XN DWNY NMIWANN NN WD NIV TINNTN

DYPYPON DY MIVNAD NN PIPYD IVANND TYUN )IIVON DY MINTNN-N PNIPY D02 DY
NTNN OO (O25XI07) D222250 DIRAPI 1D DY) TN DIMONNN) DXIAVY ,0MI0ININ
MIYIRAY NI NPOPIV MNON Oya PO»N 1NY-2NI00 MNAD IPIPY TPVINNP
NI DPNPOIPN VIN NTIPINY DIVH ,/IMTN 2777 D DIXNP DIRPIDIN) NN NTIN
DN D) 199 ,(DPPYM MTY YN XN TPMLX-NNN NN TR 09NN P15 IRIN NN
DN 7DMIPINNY NPIVAN IPINY GR-DV) TPIVAR ONININ NNDN NYINN 11D MININD

on (2

DIPPN DO NN NN TUNY ,D1THN N9 NN MINANY IT 1D NPIDINDA DIdNY DYAMN
79 927 DY VP NN NNNN N POV ,NORYD HDOUMLIIN NAIVND NPIDN NN INTNA
NP DN JII-INTBN NINPNY TPVINNPA DTNV PPV WIL 1DILIN D9 . 25mUNy
ANNIINIY NPIMYIR 79 TH7S MWD PTY PR 1D 71201 0) 09N INN N

55 NONYNN NN

Tyron, "Is the Universe a Vacuum Fluctuation?", pp. 222-225 124

Hawking, "Black holes and thermodynamics", pp. 191-197 '%
Craig and Smith, Theism, Atheism, and Big Bang Cosmology, p. 143 '*°
Mortensen, "Explaining Existence", p. 716 '*’
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NYNNN NYY DIP HY OO 1IN 1.3.2

DNTNYD) NONNN I NN ROY DIP> DY DWDTIND ML NPLDDNVIN NMITHYN 21
yavn >piny wv ownd (Bunge) Hna »an oNIpy 901 DY ARD LDV WDIN DY
M0 JONN .0 VOIINY PP PRn P POTIPY YW 0NN 120NY DIWNT DINN
M2 711995 0TI 1P N1RY DIRWY 1) THNY DIYN 1IN 1PN MNWUNT YIVN SY WINDNY
NYITA XMIINDN 1201 KY 1DNNDNA ND 1D PRI NONNN 1D PRY DIP? /TPNOD POINP WIND N
MNY N9 NNY NN Y APIONYON OX 7099010 HY SODIVVD-DOPYTPIND ITINY
2XNNN MOV DITIN 9NN DIV PN DK O OV NONNN NTIPY N/DN MHINDNA
MMPINAN MINNON P22I) )X YN DY IPYI DDA DY NN DIPXA NNY NN DY NMIDN1ON
YHINY T772) ©INK DMP> TOINY DYNDN DIRY NPPP->PIN Yya omp? - Homp v
oYy NTIYNN DNYY NPIYNPONY ,DXNNY-D1IN NYY DYNDNRY DIMP> DTN (DY
NN DPPIN NN IOX DXYTN DDIPOYY ,NINDN DXPIAYN ,WTN DIP> YW IND NN DY NPIDN»ON
.DNYY DMYPIVAN OWIAPN
IN) DN DIPON TONNON NN N DIPY NIYANAY [ NINK POV NN

132

D5V MO NY PN NYNNN NY PRY OXNTNN NIVIVA DOPNN OIPdXN POV |, (TTINNN

av op>n Nav ,(big crunch) N7 NO* N2 O»NOM (big bang) 5y Y9N H>NNN NNN
15913 XN wTAN DMWY PR, 1MI9NPD ATIPD NN

PPN DY T N ONM AN DY DIMTHY IR NONINY NNV TN NODN 7NINON
NTIPIIY PR D) TR PNDIN NN DINN YA 1AV 70 PIT-2N0 HY2 DIP DIOWSNY HOINM
LHp8y TIna 95m X0 91 ,N9NNN

9521 ,MDDIN RO NPDVNPID JNY NN DN PYN NPIPIV NPNNON DY 71PYIN
DYNN MININN NN PADND NPONY NNYT 92T .NYNYD IO N2IVN NN PN N NIPN
DIP’2 DAINKX MMIPNN XINN-NTID WD DOMYNIAN DONNY DNNONN NMYNNNI

PITY NI ,NND) I NINN DX O) NNV DN NMNS ONN INVIY OIIINVD MYNNDNI

Bunge, Causality, pp. 24, 240 128

Hutten, "Methodological Remarks Concerning Cosmology", pp. 104-115 '%

Smith, "A Natural Explanation of the Existence and Laws of Our Universe", pp. 23-34 '*°
Gribbin, In the Beginning: The Birth of the Living Universe, pp. 217-255 %!

Trimble, "Cosmology: Man's place in the Universe", pp. 76-86 '**

AT PIINON HY NNMNY MPADN DX NPVLPRY NTY IMOWAN A¥P NX XD DIPNY NP o»d
Hawking, A Brief History of Time, p. 136 '**
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D> H¥ IDPP HY NDDIANN MINON 92 D) T2 .N9NNITN 1IN D1N 1K T 120N 1PN
TN MNY TPND 919900 DOP NN DIPON YITH NINYA SY IYY PXTY NWITY ONND
5w NPPP NTY NN KXY X ,DIPN DI 99 W MPP NN PADNY NI YW DINONNY
1991 ,0PEY NTIPY W N WV VDNV 1200 939 L PDmpd YW mDPR nwv

.NINVY DLRIVIIND NAIVNN NN NND HNDN 1PN NID 920N

Smith, Quentin. "A Natural Explanation of the Existence and Laws of Our Universe", p. 35 '*°
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YN N9Y NP varvn — P rnvvwn nwan 1.4

DIVWAN 2NN NPNX DIPA DY INPP-IRY NMIRIND MO 12N NMINIOND MTHYN

DYIN VAN 1D NIN DPP-IRY TI-DY MINIYL NN NODIN ,NNT NN, TORNIMIPYN YN
12-99) , 0P DY (MNWN MMIVARD DY IR) MIVIRD DY NPLDLVLD MTY PN IT MIVIND
DYIVONNNY (DYTNN MINSD IN) D29 NN THN AN¥ND NON NION TINN XD O»p DN

POOVLO

DINIWYD NIPY 1.4.1

ANNND N OYIV NN ONDN ANNY NNIN JUN ,TIRIMPY-IR DNINONY PWIV 21D

ANDN INY PIAD ONON 2NN VTN NORYD IR TN D, THTIO NPNY N NN ,INN
N9Y DPP YW 280 RPNT MY 7PN 120N WNT PN WX O1A0 280 0P 709,10 md NN
5¢ MO BRIy 790 919 XY 92T DV YALN AN PN DPP-IX 19 3, DPP-IN YV
DIYI-NDN) MRIMMPY-IN NN L7 IDIN,/DIDD-NY DIPN2 NWN ¥ YITHI’D TIDM NORY
ISY NN ,DIDI-NIONN NMVLOY NXANPN O DOV DTV L(NN 92T DY PPN INY Pav
TN NIRYN DY NNYY 11D DI IHPND1N NIDIY NNIN XXAN 720N NYNT IWUR 1D NMVD
NN NN AUR ,TORIIVY DTHY DIPIY P21 IR DN 1IN DINPIY .MINIIY-IN NN

90371 03 amd N wpna L npvanvnn Yv TN nYRWN rDYPNIIN

The presupposition that de jure there should be nothing, so that
we must explain why de facto there is something, is pure

illusion.

. Egalitarian a»b >nanaw onann iy

NP YAV AXNN PN (DPP-IR IN) DIYI-NIN TN MNP OV ,1.1.2 PyDa MNOY >MoN i nwen 7
.920N NYNT 12 1000 IPIN 95w Tya ,7200 YNT IR INNYOWOY

Nozick, Philosophical Explanations, p. 125 '**

Nozick, Philosophical Explanations, pp. 127-128 '*

Leslie, "Efforts to Explain All Existence", p. 181 '*°
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DNAY IIND NMOON AN ODIN ,D27 DNNN ¥ PPTN DY THIRIMVPYN YN 19-DY
0 N 1AV 1PIND ,IMDD) NPNY XDV YD D9IWN 1Y TR IPIN P TN ,N1PNY DD oD
NN .0V PN KOV NDP0NN dMYNWYN 19IND DITH NNWN 7PV TIY ND0NY XN (DD
P NNV ,ODYN DPP-IRD NNV N L, NPNY DD DDIWN DNAY DNNN NDIN ¥ 1ON)
LHPNNPR XY DY N2 P2INNY NTY) DN Y991 KN ,MMIYIND NOIN TINN NNN MTWIN
OND NYNY DD DWW DNAY DNMNN DOD DNMNND 9N’ NI 13 7P DN OIW WV PN
DV MDD ¥ TIRIMIMDYN NYNN 29-DY PITY 7Y NPINLP IR DIVI-NON DN ,NNN NPINVP
NPIDN D5 .PVDVVD MPAD ¥ (NN IN T 19INI) DN DY NVPPOHY T5 Nwn Mdidw 0.5
oV MPPY 0.5-n DYT) MDD 20N (MYDT MMIVARD PNV P2 DM ANN) NPIMNVPO NINN
LO9MN DPP-IND INY TN N NN
Sy DDWN OYP NN PADND NOIN NNV N TIRIMPYN TRV MIPdYN 7Pyan
PNNYN Y 59D WITHY NORYN DY NNYD IWAN ONX TR DIVAN NID 1T DPPY DTV D02
9552 NN HNWN INMN DOV INVP WITN NORWYN DY D) NNYD ¥ OINY HIVAN MY 27 N2IWNa
NNY NN : XIN JDIND 710MN WO VITHY NORYN DY MIYD 1POND 1INYT 9270 19D OIVIN
YHNR D) 7PN ONTNI DIIN ,DMINPND NODN MIPIAD NNMNIY N 09N WY DY
9-5Y NI 10PN YW TN NORYD NNIWNNY XN DD DINN PN KD DPNY TID NID
VPN PANY TOD ON ,UNNNND 1D ION MMIYIN YNYHN NNN DI NIV NIPIYD
MOR NUYND PNV PIRIMDYN PN THOD-DY NYVD 1) ,1D-DY I .INYRIN I IVNNNN
,DMAINPI-IND NNN MIVON P9 TN L (OWUND ,0MY DON) DON HY OMINIPND NIVIN
DIVN ,PIDN ION 1T IA0NY 121D DDIN N HYI DMIXN PN KD DONY NN 1I-OMN
DMIYIAN DN T PADNY MUNNON NNON SAYIVRD NIMNDN 100N ¥ I TN NONYNY
7PN 27 1 NAIVN P10V TIV VTN NIRYN DY 1Y) 1D 0NN 1PN 0 DTN NMINI) 5552
N1 NPX ’MIP N3 NIPNAY,MVDMVLD MVAN N3 Y7 NANWNN ("NIP> MY DIDN N
Y VPN XD ,0MNN NN NORY DY 1T 9WPNA RD ,TDOUNNON NNONY PONN vHovd

PPVONVNN DY TIDN NONRY

Van Inwagen, Ontology, Identity and Modality, pp. 57-71 *!
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MMNN NIPY 1.4.2

2 1973197 7Y KNP NIN NHY HODYRIDPN NWHN PP PN MKMW N2

MN2YD MYMNN 1N TN L(DIDI-NON NN NN DNRYI) MUYMND NPIVIND YOV 1o
ATOYN NNPAXAT NTO NPXR N NWEN D) L PmNDdo MSPRILIN DY PRY DITIN)
MMAN PIPYY MIVART NN NN, TNPND TV TYN P11 DIIN DY YNYNNY TINIIIYN
595w KON ¥ DOUNNNNY MNYIYN TN YN KINY DIWN DPPNN 1T PNIPY : 08Y NN P>TIN
TPV .DMYOPITIN O1NMYI DN DHXY NN DIPITNY NINIPY D) ,1PNRNY IXNN DY INN N0
TPSPRIVIN NID P21 DY INIYLI ,DOUNIND 1IN DNV MNIIYN DRY , NN 1YV NIDD
MNYN 5 MYNNNNA PON NNPD MNVY TAN DDA DNY NIPY TXD N2 XD ,DP»A N
MIPY DN IWNR MNNY YHNNND OMVY DTN DNINIY DTN IDNY 2211 ,)D 1D .OMINND

L APYIVIND DD DY IMYNNNN-IRD NODY 92T ,9N ION MMNON

. Fecundity a»wb >mnaw owann s 142
Nozick, Philosophical Explanations, p. 128-137 '3
Nozick, Philosophical Explanations, p. 131 '**
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DNVPNINDV MTNY 1.5

Y7102 DPNIINHL BM2DN 1.5.1

D277 N 27PN - OVND .NI0N PN H1DW 120N N NYIND IN PRD INDINDVY 120N
1DOPY 7D DOTN D232 D29NVI ;903 DT D272 272 OV9 3577 ; 2INDY N NINI0 2T
PMIIN NHTIT MOY2 MIIWN DY IWPNA DDIPN OPNOINDL DM20N YTNIA .00 1IN TP0775
Y I NAVNINND NPINID MWD ,NPNYPI MIWN ,5wNnY 15, Pnmay maom
DYNINOVLN IIDNN MDY I FNPNIPID MWD N IN (PP 5778 Xow ST
09NN T DrNmnK 0PN DN AN DIXINN
D120 DY NTNRYND DN’ DPNDINDV DMIA0NY DINIAD (D210 XY D GN) D27 YTN OVIN

: DMPNTAN N OONIDO HVND ,DMINN

NNIN NN 2 7 RASM RN OINONY DI ROX POINDIN AR ININD 279 KD STPNY @

NwYd

,2IVUON NIMYIZY TPNIN PNINY D0 XON ,7PP2 PN XoY 279 XD NI N»Y Dyn e
PMINNY NPV ,NOY NNINN TIPD OXNNA DIWINN NPT DY 732719 NOYONN NI
NP NPV IRNNN DY 2277 PINKRD DIWD )P NNWY IR VIDIN YV NONN

.No9NN

927 ,099D1MOVNRN DXNIND YT-DY D7) RON QNN NN PXY 279 NTIRNND NON N3N e
DYTNHD YN TYNA X277 TPONNIY SNITIVINN PNINT G0N )XY DP9 19N 070N
DV ONIPN PONN 7127Y2 INYRID WDV ,NYIN NN OYYA DM 190N YONIN

JDN30M

YMIYHYN 19INI LY ,NPNANVNID NYAN) NN OX D) ,TPNDINDV NIYA VIV ,NNT DY TH?

2OV0 MINMDINTA VDI TNV 29, MM MIIWN DY JTIPON 12X D>I120N

Nagel, Ernest, The Structure of Science, p. 421 145

Woodfield, Andrew, “Teleological Explanations”, p. 71 '*¢
D»NN-9¥2 YW MHNINAN Y70 17 D9mx '
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D201 YY OTNRYND NN NN DY) WND DMIDN DY NPDOVION YY MDINY N

N MYMN DY PN DOVHYHN DPN OMIDINDL DADNY N 0PN TY TUN) DMINKN
DYPY DPNINDL DD DI ,NPNINT MMTRYY NNITA )05 ¥ 0»m9) DRI DI N
P20 XD 12 DY) ,\IRND 1T NN YN IITIND YTHN NYOAN DY TN NP DY DN DIIWVN

.DN2 )TN NN

DYNYYOPN ©HIDN 1.5.2

I 0N N PIMVPY DOMYN DMIADNN LNVYNINON NPNINOL MTHY VYD
N 20 N DOPPY PDIRVNN PNIPWN NN ,OVNY ,DOOND (BNDPOPN) NP YODIAN
13 NTRYY .DPP-IN DY NDY OVYP DY RIN 9NN 28NN 12-D3)1 ,DPP-5X0 MINOYO 9NY 2P N
927) DPP-INND AN OOWVIN IX TN NV 1IN X DPPY N DX D), YN : NPYL 190N v
DY DY DVINY NN 19IND DNINND DY MY MYLNY N (VIR 12 WX HHOVY
D . NNP DX NIPPY IRV NN DI KD IV N0 10NN ONYN DY MOLIVDONP MPN DV
DN 19NN ODOW TIY U IN NN ,IT XY IUNNN DMIDYIN IX D0 DI P NND D
(7911 210 927 1N DXV DX DY MYNNNNY DX

oV DMPNNVYNI 712D DOYNN DN DY UNNRD DIYN NWam 020 DXy DIN»

NPNYPOPN Mwsan ooN (4

MTAN DIVDPNI 72> DIPOPNI) NN POVDAN , DI
V) OO WINN GUN IDTD 1Y) DY N ,OWND 1T TRY DTN MDY D) MYIAIN
JPNVYON INITIRD MIN ,09YY #2yn” BMP 10N . FPN0N IR YNNG STD DOP KIN : NIV
QN X0 P P DHIYN DNDTL TWR DIDIN DINNND DPNN DIDINY NIWARD NN 8N 91
DYDI8N NON ION ,DDIWN NI IMODNY ONRND POV [, 7ONIINON DTHYY 1 YN NN

IR YT IVTINN YTHN IWANN NN 1NN 13 DTy . 22DNYY 93IN IN DNNY DONND

SPNT NNNIN DY NON HPWN Y110 DMDIDD DINYV DY NN IPNWYN

Nagel, Ernest, The Structure of Science, p. 402 148

66 0y ,7YTINN NN HY DAINR DXANN NWTNN NYWN Iy '+

Leslie, "The Theory that the World Exists because it Should", pp. 286-98 '*°
Leslie, "Value and Existence", pp. 2-19 "'

Leslie, "Efforts to Explain All Existence", p. 93 '**
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22308y IR DN 0N 99 WD) HY 1T N NIDN TINIPOPN TINDINIV NTHIY
5¥ NPDDIN MXNDNYY 1IN : *HDOPIN-1019M 7D»HDIP DY DININ WHNWN W)
:DM”NDIP DYDY DNIDPNN DOPIN-IVIIDM ,OVP MM 1N OX P NININD ¥ PPN
DIOPNN DXPIN-IVINDN WITH NONRWYN 22D . NIDN MTNN ,NPLVIIN 7NN ,MOLW
ANKY NN PADNY PNIPY INTY MIYIRND NN W W8N PN DY

N DN D) ,019 TAN DI ,0MY MNDIY NIDINX DINMPY NITVAND NN YXN VI
DYn N9 MM 1N NWan Yy npponn 20 mvp My 09wn SwnY [ 1nd) 0YwIn
2y DDIINY YAV PIN DIV PR .I1TD NN DYDY 72T DIV DY DXPIN KD NNIRY ,)NAPND
P 10w nnv

TENIINOLN NTHYD DIOIAN NN INNNY LTIV NYTIND DRI NINK TPNOVOPR NYIAN
MNNANT DMIWINNY 1IN NPND XN NPIVAN YPIN : VPINN YIMND PNIPIYN” NNDNY
2 VNS 0»p oM, nyhn S

PRI ,IND MINMNN I TYNRND NPYI AN MITNYNI NPNINOV MTHY DON-T02
DY SVIVDIONPN PN NPIVARVNN DV TV NORY DY MIYD NPDNI NN PPD INNN

DTN YN NN

Rescher, The Riddle of Existence: an Essay in Idealistic Metaphysics '**

Ibid, pp. 33-53 '**

Parfit, "The Puzzle of Reality: Why Does the Universe Exist?", pp. 423-427 '>°
Swinburne, "Response to Derek Parfit", p. 428 '

Davies, The Accidental Universe, pp. 118-122 %
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DT NPMVININ NP 1.6

DN NPIVARLAN DY MDD NORY DY NNYD DMYN NNPONNY 1D DX IPNI

D»P DNV MYLN NN DDA MMNYNN PN NPINIINN NITHYN : DNV DI DIYIN
S TPIVON NAIVND 29PNNYN DOPINT OM ,DMIOY DN DMVDYYNVIN DMAVNN ;NION2
TAN MPA ODIY DX DPNOINDV D120 ,N1II0N NTIAY NVIY NPX TIRIMVPYN NTNIYN
12220 NORYD DY MIYD ION NNPDN DY NOWIDN 7INOVDNN IITINN YTHN MYan oy
(9599 1.1.3 PYDI 1INV 290) 7190y NNYY HHH1 MIVAND 9272 MDD NTHYD D37 DI
LDOPYTINNI DISNNND ,NINN TTINNNY NIVIN TIT DN DN TUN ,D217 Y10 SWIN DIV NTHY
YN YN MNNONNN DY MNVDNN ,1.1.3 PYDI YNNY 19D NN DY TN

291 N2 OOV (0T0D ¥IOWN 19INDY) DPDY YOI 12YaY DTN DXATV ,NTNIN SYNND
NY WON TPDIAND NNN DY INYIHND TY) 2V DD 0NN DWW ,012NY IN OMN NYT
NOVW 0992 MNIANN DTNN DY NYP NN YD1 OMN HY DNYP NN PIADNY IV PHND
DTN NN ONYN AR NMAM IMPN DY TNT IPX OYNRD YN (NN NNONI
DYMNIPYN DMYPN D MINY " NIINWN ¥ 9952 TR NORYN DY DIV MIWIN 1I-DY .NTHNNA

T NN DX NWY NI PO .NNYD 12T DY INDA NIDN) ,NINN DIDIWVN

51



1 P39 O’0

PIPIVONLNIN HY TIDN NORYY 1Y NIP IOV, NDNVN W 5551 W TH” NONRYN

NN NY NY2ID NPNX NYTN .NINK TNV NONY DI TN MIN D1D0M NN ,IND NINYNI

DYP PN DIPIY NMIYIND NN NIV ,TPNYNT N0 NOD DIYI-NON I8N DIV MIVIND

DINPIPO DNN MINYNY T L,0D TPNNON ,I0IDI) MVITINDIIV NDD NOY THNNY INND
IRV NONY DMIN 90N DY NYIND D27 DINDIDN

DINDVOP ,ODTIRNTX ,POVVNVN [IPN IND DXTHN DN NN 1T ONIX 10N

DY J2102) MYNYN NI0N NN NNSY NORYNIY NYLY )72 10D DRI DN ,DINININ

D5V NN ,NAT NNPO2 N0 N NTHY DOIN .7PHY NNYY MIVON PN D) 12 OV ,(DWD Na vwv

v TN NORYD DY D952 X W 1IN DN MIVHOYN NOYA NN 71X W TN NONN NONRY
DPT 59210 10D DIYTI INNYI VIRND VX9 /NPND DRI 1D ,DMINN DINN ./ INYNI

IN NPNNIVINR DX P2) NPNIPY MDON TN ,1PDOVNY DINR NIRYNIY DYV 1191719019
D2WN NPNZY NTHYN NN PYISND NYPY DRI .7PDY NNYD 590 KY DY (NPNININVDIN
92N 1D 1PN L1200 WNT IORY YAV 28N WANI DYP-IN RPNT 1OV 7200 PR VIV
MIWOND DY XY DNIWN DY TN MIVON-INYID 2WN) NHXNIDN NMPNIY NNY DMNX TIN0
DDPVANN NPNY PTXIN N3 IWPNA D) 19-DY . PONN 121D 199N

Y DY DIND DY DXODINND NPIVANLNIN DY TIDN NIRY DY NNIYD D> TAX NNPO?N
D01 DY) YPARVI NN L(ODIWN NN KIIY NT NXIN) NIDNA DMP IRN) INIINON NN : NN
YOYIN NN L(YAV PIN NN OIPOXN DY INPP) INJINN NIIN L(DMVARVND MYIM MNIPY
MYNNNI 02N TV INPP NNDINY MNT NI (CIWIN MM MYNNINI DWW DY INPP NNON)
NN DY DX DMND MNDY XY T ,0DUIN 9N 1IN DX NNPOIN THN N .(NPINION
SNNVN W 5551 NNDY NORYN DY PADN 191N NNYY DIINDN DN

INXIND I8N ODIYN) PNV DY DX 1N ,1PYPITA NAIWN NORYD NND NNPONN D)
SV PNINAN) 1227),(DX91T) DININ DY NPNDIN NIVIVY) 'TPND (77310 DY MOIRNP NTHRNN

NYNNON DY MYIAN /ANNNON NN OXPI0N” DN (MO PIT-ININ DY DIPY) PN (DM
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9 927 DY NP NIX MNMIN PHRN JIY INNDY ,MODIAN 1PN 1Y NN DN PV NYHID
IRV 1PID NIV NNNN PN ) ,7201 YN MNWUNI

DYP-IN PAYY  PRNPIN NN POT DY TIRIMPYN DTRYN XD NINK NIMIYHD NTHY
DYV INOND .NMIDH MIANDN W IOX NPIVIND NN DIDY 01PN 9N YAV 28N NHON
NN ,0°29 OXHYIL NPID N NTHY .PVDVVLD NPIPN DY NN NONX N DDWN DY NP
JIOMN YW YITHY NORYN DY AUNND AN NPYHIRDNN DY TIDN NORY DY 1dDYUND NYNON

NOOON ,DINNYY) 12Y2 POV INNIY ,NPNDPOPN NPNDINDL MTHYA VT NOID
TMIVON N2IWND OPN O) MYSIN (V999 W DD HY NON NI 1N MITAN D GN,()21D)
MY PR NPOPIVA MYMN DY IYPNA 1ON MITHY OIIN .NPPDIRVNN HY TIDN NINYD
SN0 MINMNN N YR NPYA INY MITNYN 1, TINND YTIN NYaN DY TN NP

395, IPAIDIDIAN D2 NP NYOND NIRYDY NN DMIN DN ,J0-ON ,DINY) DN
NYPINN MON S PNY PRI 0N 71PDY NNIYY DOYPNY IR ,D1D7) DXIDM NMIN NIV
DN 1ONX DOYP .OPNIPY KON ,(MINK D210 MOIWYNI OMN ¥ DX NINRYN ,DWNY IND)
, V20 PING YOV [, TPIVAN NAIVND HUNMNON NNDN YD TYNA DXV ONION NaVN
POINDOIHPYTI NPNY 2N, 7YY DYI-IN INI TUNY IITINN YTHN NN NN DNXIND

1Y 72N YXIND PNINN KIN NI
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NVYIYNVPITVDN NTNYD - DIVNNN D3NY DN DPNHVIIN by

DOIN ,NPPVNNNN DY MMNDIDAN A NPON> WTN HIWIN DN S0NHN NN IWIND

IMN 1291 P OINNAND 02217 DIRPIVNPNNY NMVDMVIIND NTIYN 1PV 1120010 IMD
.DINN2 VN 2D HVIND

THPTT DIN 92D NINNY M) NPPVNNND DY DPLDYNVPIIVD NN DNNN)

158

72237 (60-N MIY YNNIN) GIONIA DN OMITIND PIION OOIN |, 7 19-N INNN D2 VI

159(80-1 NW N NN)

NADN NN ,TININNVDIN 7PYA NN NININ OT-DY YN 970N 99 .
DNV DXONON Y9-DY DIFDN PIAND JNN MDY ,DXOPMIIND DMI9DNN NN NI DV INYIND

:1°915w NPVIINPR NN 9-5Y X9 LYW NN DNXY 1Y DI DINOPN

Objects do not do the job of numbers singly; the whole system
performs the job or nothing does... numbers are not objects at all,
because in giving the properties (that is, necessary and sufficient)
of numbers you merely characterize an abstract structure'®' - and
the distinction lies in the fact that the 'elements' of the structure
have no properties other than those relating them to other

'‘elements' of the same structure.

DYOPMAIN DY DNIYHYN POV ,10W DDINLPIVON NYAN NN P23 HPMN INNND TN
DYP XY 0N ,DNYYN D9 M IN NMDN ONY PRI ,MIANI DMPNRN P NI OOVNNN

173209 NINn INRNNY

Maddy, Realism in Mathematics, p.170 '

Detlefsen, "Philosophy of mathematics in the twentieth century", pp. 104-105 '*°
Benacerraf, “What Numbers Could Not Be”, pp. 290-291 '

MNpna vyt 1!

Resnik, "Mathematics as a Science of Patterns: Ontology and Reference", p. 530 '
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In mathematics, I claim, we do not have objects with an 'internal’
composition arranged in structures, we have only structures. The
objects of mathematics, that is, the entities which our
mathematical constants and quantifier denote, are structureless
points in structures. As positions in structures, they have no

identity or features outside a structure.

PLOYNOLPIIVON NTHYN DX JPOPNNY AN IWVIND NN PIX DT P19

T NN NMDWN NN (DMVNNN DN 22D DPINM)



VNN DHHNVPIIVD 2.1

nown2.1.1

NYIPY Y2PNn DIHNDN DXONY D011 DMIPPNN (PNDIN IN I9D) DXVP1IIN GOIND

NMDN NP DN NYY DXVPMPAINAY ,TPNNWN NIWN PTHINY 1N ,Swny 70 1 naawn
:NNAYN DN’ DN N2 DITINN DXOMM L(NNOWN DM 2 NN DY NY) DTN-M2 YV
DYIN ,(y DY JIAN NN X ,9WNY) DPMPNR-IT DN 1IN DION N 737 00X )3 ,7PV7 52
Z -1y DN X 9W 1777: 193) AN DPMIPHR-NIN DXON> D) NN DOVPMIINA YY PTHINY 1)

PO HYIN PPN WHNYI DX 91270 NN 0V (MDY /7222 NN Y , 797 XIN X) MNDON N (

SPIZP-TN D2 VN WINOPWN D9 T772) n=1 72y PN n ONd DY 927 N YD 12m3a

DV INWYD 190170 HWINN NININD TNY ¥ AUNRD MDA HYNIPN NN VAN ,NINAN YNT

165,164

NOIWNN DY DXVPMAIN N DI NN ITHNN MNPN N DN 9D 12D )0 ON ( mmpn

AMNX DMOPY NOYIN OPPY DN
NPPIN ONVIVN DM SNIWHD NIIYNI DYOVPMAIND P2 DXON TIVHY NN PRY 9N
DYVPMIND ,2OY7 MY 1T NONTI PNNAVH NIIYNA 171321, M MOIWNIY N YD
2OVUND N2 TPIMAND NPPIN SNYIVN 19-5Y NOIWNN SON> IR DNPPNR XD N ONDMPN

: DYONN ,NPNNAYN NOIYNI

y 5w Nox 200 x - Mother (X, Y)
y v nan »on x - Daugther (X, y)
y v yanxnx - Son(x,y)

y v nx xn x - Brother (X, y)

Shapiro, Philosophy of Mathematics, pp. 73-74 '©*
Howsomn, Logic with Trees, p. 68 '*
Chihara, A Structural Account of Mathematics, p. 51 '®°
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¥ oupn NN (NN P2) DY DIDYPN

VxVy( Mother (x, y) — ( Daugther (y, x)v Son(y, x))) .
(XYW 12N N NN NN Y IR Y DY RON N7 X ON)
VXVy(EIz(Son(x,z)/\(Daugther(y,z)v Son(y,z))) — Brother (X, y)) .

(y D¥ DX NIN X IR ,Z DY NN IR 120 XN Y- )INWDD Z DY 120 XN X OR)

vxvy (Mother (X, y) - —Daugther (x, y)) o

(YW 12N NON NN IN Y YV NHX X7 X ON)

PA0 02 OIYPN PNNIYN NIIWN DY DXVPMAIINNY DOONN TIVHN NYIN N NPPIN
IN NNON DY NAN NI NNADY - NOIWNN YONY NN PIAND 1D N2 WHNWND N DAY 008y
DV 12N IX NRN DY 12N XN 7PINR7 S NRIN DY NN IX ROX DY X NN 77T NRIN DY RON

LINDP YD), INKD

man2.1.2

DA DHRMOPHRN ,DOVYAN DXVPPIIN YW GDIND 210NNV ,0UNN PN 11N N3N
NN DMI1PN DNPNIY I2YN NOON NNON DIV DNY PR WX ,DOVVWNN DO’ YV GOIN

L8y 2000 71953 DPP N M9 F¥an D PR MAN YW DVPPIINY I DO

-yT @0 Nwm ,d -1 ¢ ,b ,a : DVPMIIN NYIINND 2570 L E man X nnnTo T
MYNNNI MAN INNY NN .(T2932) Scb - Sac ,Rcd ,Rac ,Rab : o»pnnv 75 ,S -y R o»mipn

R oomm ,D={a,b,c,d} -5 Enan v 0orpn 0NN 17 Mid MINON2Y, 09700 NN

NPVIYN IN NPHIIN PNV MATIN 29-5y '

MY PYDI TN N XY NN YYDV 12ma
Shapiro, Philosophy of Mathematics, pp. 71-108 '*®
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IMOX MANN IWRDY .S ={<a,c> <c,b>} 1 R={<a b><a,c><c,d>} -5 S~

: DWINN MYNNAN IS 1) 5w E mann NX 97 19IND DI NN IWON 10 1910

DNV ON PRY N1 1212 Dovam o1 E man dv S -y R ovondm d -y ¢ ,b ,a ovup»aIxn

DXONN TN NN DMNIMPN ONPNY T2YN (12T DYDY DD 1N XD ,I01DI) MYNYN SNYIVN

N IN OW) ONOWN NN AN PR DIVPMIIND . HINN NN PN TUNY DD ITNNY 19D
DN DYONDY DLVLPPINRD INDY MNYN .E M)2n5 \inn 0rp X (90N NWNn DYDY I 7PN

20NN NNOND OINN MNY DNIPNA NINIAD 7PN 1N OOV
,N12IYN DY NOWAN YT-5Y N3N 5P NMIY YN PNIIVNY 7N ONWIND NITHINN

NOIWN OV NIANN ,OVND [TO .MYNYN DN NOY DXON DXVPMAIND PIN I T-DY [ ImDd
D990V, {Oj} DVPMIN GOIN 99D (9OYD 2.1.1 PYDA MXINY 1T NONTI) YYD MHNNIVN
GOINY L, (NMNNAYNT NIIYNI OMDN DTRD DINNND VPPN D) NIIYNI DOVPMIIND 190N

(M212 52PN DN DIRNN NDIYN ON> D) NN DXONN 19ONd DI9PNY ,{R;} DON
NYPIND AR ,INYND P2, 09> Ry -1 R3 Ry Ry -8, 0790p0-1T0 D0 NN NyaINy 7o

vivi(R(0,,0,)>(R.(0,,0,)v R,(0,,0,))
ViVi(Hk(R3 (Oiook)/\(RZ (Oj’ok)v R, (Oi’ok)))—) R, (O“Oj >)

(R (0,0,) > ~£.(0,0,)

NN DMV OONN IR DYINPNN DNIAXI0N DXOVPMIIND VI ,NT NI2NI O 11D ,0°19 DXIADNN oana'®

NIV T 92T DHNN NN LPNOIN NIN 72N DXVPMIIND 190N ON ,NIVIN N N IN) YNNI NONIND
POIN NN 2V NAPYN NMIAND NPPIN NINN NNT
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D2 DIIMPN 19Y DXVPPNINAY DOONON TIVHN NYIN NHXOW) NI NI HYW INPPIN DINN

NOIYNA NNAYNN PON> DY NLYIN 12 DITNHNN DXONA NMIRID NIVIND (DNNY PIAD

GOIND PN ONIN (N S 1277 ©N°N NX Ry 5w Apox ©ndon IR Dx»N Ry AwNa) monnavnn

.DNYYN MOVNNPN NWHWYN {O;} DOVPPINRN GOINY N {R;} DYOMN

0317 OMIDD 1N TYNNI IRDY 90V) DNIND MIADN MNNDNT 190N PnD

: (©”VRNN

NN HY NPPVNPTIND N

: DN YV BY0MITND IN) NT 1IN DY PN

DXVPOIN NOPN .1

ZWIANNI0 1MV SOMPHR-ITON .2

:INID NYPIND NN (INYN ) OPN NI

AN HY AP IR TAN VPPN PPTA) IXVY (SXY A VZYW(-SZW —> 2 =X))
(0 N1 RIPO D2IPN N VPPIND VPPN

(NN 3P PPTL W 0PN 939) VXY (Syx A VZ(Szx —> 2=Y)) e

DPPAIN NN 9D DY PN WD OPPIN 9I) YXVYVZ((SXy ASXZ) > =) e
(PN

ANDY Yo (VX(VyﬁSxy — PX) A VXYY (WX A Syx) — \Py)) — VXPX D»pnn e

(TPPNPITYNN IPY) TAR SWaIN Mnwn 0y P

MY ATON NPINY MYNHNA O3 RV YT PEPITIND NPy I 70
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D»2APNN OPIND OM90NN NIIWN NX ,DMYIVN DI0NN NIIWN NN I 91D MY MIaN
D90NN YW 1) PR MDIWN SN DIOMYN DM DADNNIY GRY MIKIY 1wn 1w
NDWYNNN DNN D92 INY PPN ¥ DNN TN DD ,(DMNTN DM90NN DY I D»YILN
LPYAIND NIV ,1 990NN DY 7N DN NN NNYNKIN NIIWNI DMPH ,OWnd 2 190NN
IORY VPPAIRD XY NN 2 190NN MIVN NN NI ,INKR VPN GN DY AP IORY
DY DOVPMIND MNYI DMYIVN DMDNI YNRNYND NN GX DINYD .INK VPN G DY AP
(VPN DY DY) 2 990NN TN L(NMNYN MIIWNN DY DOVPMIND PI RIY) XY MIANN

NN VPPN G DY AP IPRY VPPIRN DY APIWN PNV OPMPIIND DY MY MIANI NN

7?95y 19 1 19000 TWRY)

SV NADIN MYNNNA 90720 MW DY NITHN dT-DY NANIND 1) DY Man
DMMPN PN OON .MIAND (z =X - y) MXyz -) (z = X + y) AXyz D»MPNR-nonn DXonn

PoNan owpn N

NN NI

1-1x 9w apwn 2N X' wNa x + 1 = x) Yw(Vz-Swz - Vxvy (Syx — Axwy)) e
(NN DPPIIX N HY APW IWRY LPMAIND KN

NI Y WNA X+ Yy =[x+ y]) VXVva(Axyz — VuWwv((Suy A Svz) - Axuv)) .

(X +ySvapwn nmn [x +y] -y dvapwn

29570 N2WO
GN DY aPW IORY VPPIND NN 1 WNL X - 1 = X) VX(Vy—.Sxy—>VyMyxy) .
(NN VPPN

NINY WNIX Y =Xy +X) VxVsz(Mxyz — Vuwv((Azxv A Suy) — quv)) .

(y Dv apwn

D3 1IW»Y NYIN PR ,(DMADHN NN VIS NPPORNNI NIN NT AN YW NP 13N widwnw mans 7!
19 WY YT AT HY TNV NNONY IN,DMINI 132N TN DTN XY NN )PARY ,Hwnd Nt DINNY \INND
N0 PN TN NONNN

1379 NUYY 295 ,0-n 9NN DY IwaNy 72
Landau, Foundations of Analysis, pp. 1-18 '
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YT-HY LYY 12105 ,71P0 1) D9 NN MWD DY MITHNN NN

Mo MMM L7 orn awm By nToynY I AWK MEPNEN W Sv mAhin .1

NPNPNND 590N NNN
PN DN DDA DY APW TOSPN MITHIN .2

ONX VPPN GR DY APV INPRY OPPAIRD DY IRNNY 717 DV VIDOIY .3

DY VYN NIRY MIXID 2IWN DIIN 7NN NNON VIV MV DDIPN 1IN N DIYNNIN
DY0N’ DY NITHIN MYSNNI HIAPY 11 (D957 NNN MDY HY NADIND : DY NIPNI) NIANN

AT DYPIN OMOMPNN ,DI0PMIIND P2

DAVIINMD .2

,J207) DTHINY YDVINIVIN IN MY IWPN DN VYN MIANN N NAD NNNT

AT MY202 DPNIDN DONY P DPPNNN WP 93 . PIPYHpIND MIvmNIN NX 1N IWUN)

,NYON Y DTIPI DY DYVINDRD YANIN 19IN NDION YT-DY MVNIN VAVNY TIOND 1NN

DN TPRVINY DT )2IN2 DOV NN NDOXIPN MIVMINNINY GX) 1) 2¥) TN

DYOPMIIND IV ,0%)I) DY DIXVINIRN NNT NYIYY .DNONA NP PYTY NN ,0PVIPHP
(MYNYN 555900 BNV N1 12192 DXVWNN ,DNIY DONM

TOPOPIRD PIVMNNN DY AN 2223007 DHPOPN NN NOD 1M Ywnd 1o

: ()TN OVONNNI)

VXVY((LX A Py A =Oyx) — 3z(Lz A Oyz A —3w(Pw A Owz A OwX) A
Yu((Lu A Oyu A —3Fw(Pw A Owu A OwX)) — U =2)))

Parsons, "The Structuralist view of Mathematical Objects", p. 274 '"*
Grassmann, Gessammelte Matematische und Physicalische, Werke 1 '7°
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L ,nmpy’ - P P807970)RN DOIN 191N X210 MNNINXD DN Y 7132192 DXONIN) DXOPMIIND

TOPOPIND DIVMINNN DY DDAPNN NIVOPNR NN 1D 1PN 7Oy N - O -y mer -
(02N DN NM5NVY ,NNNY NIIWNN DY 1Y)
IUR) TITOPIND PIVNINNDN MNPOPN NX OOYNYI VIIADN NYY IMT JaT
DOPIDS DY qOIND DMIN NDMY L, (MYY21 MNIN VYN XD DY NINNDH NONOPN NNOI
DVAYN NN NNV WO VAN AN MYPYN YN DN GN DPINN 0PN
IN) NANINN PRVINTVINN DY THNDNDY NY OX (9952 MNPOPNNI) MIVNININ MNPOPNRN

yiw DN MY MNPOPRIY DO DXVPPIRD YW PHYHI NINK TPYOITIOIN

One should always be able to say, instead of 'points, lines, and

planes', 'tables, chairs and beer mugs'.

178077190 HY INTIAY NN INNN D72 919

... not as a system of statements about a subject matter but as a
system of conditions for what might be called a relational

structure.

TPIVMINNDT NN, PN 7NN VI HY IVVINIT MNPOPR NN INNND I 1NN
2 n3an Y apnrs v

DV 2970 I NN MINONT ONY P9 10 7PIVNINDM NN DY NPPVNRNIND

PN N2 MDYN W ORI DXLV DNIAND WY DN NYIY NPYOVNNINNIY 0NN

:2WNY) MOIWYN IPNY D1VNPNN DD DIVNPNYN 12V DINN Y32 KON ,NVNNN NPPVNNNI

oY NANY NPPLNNNA VIVOWUN 1PV (MDD TPNDPXID IDANY TPNIOPA DD NP

NPPINM DMNYN DOVPMAINRD P2 OXONN XIND NION DY DON NNNTIND NN NIIWN

Hilbert, Foundations of Geometry '

Gray, Worlds Out of Nothing: A Course in the History of Geometry in the 19"century, p. 254 '/
Bernays, Paul. “Hilbert, David”, p. 497 178

Mueller, Philosophy of Mathematics and Deductive Structure in Euclid's Elements, p. 9 '”°
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NOIYNA ONPPAY DXONN MYNYN YY IN DOVPPAIND I9IN DY NI ,D0»PN DN DYONY
PNION

D) 2AND NPOVH NPPVNNNI VPPN P OOMN HY NTYIIN OMDYN Y

90N
What matters in mathematics, and to a very great extent in
physical science, is not the intrinsic nature of our terms, but the
logical nature of their inter-relations.
:DIYN

NPNNINIY DHYIN DN YIDY DN IYIY THVDYNVPINVDN MNINNNY DIVINNIY INKRD
DONYY WNWN 7NX2NY AWINNY 25 DXV 1IN ,0¥N NINY NPIYHYNI DINYD DIWNYND MINK
DY NN J9IN D32 /NN DOYD 1D NRIPY NN JPXY XPNT NPPVNRNNI DMV DIYPNI
IN YNNI NNT PIX) 1D ONX NINX ,D0U0 1ITNNY 19IND DN DOYINT VIOV DY TP DN

.OWNY  TPVNPOPNR NIIWN IWINN) IWPNNN 12 I2THY

DLYAN NN NNITH DTN 2.1.3

DOVPYINN NOVYINND DAPNND NIANN NN NWNTN NMIDN NIIWNY NN MN

DYVINONNIWYY L (MIANN DY DI NNNN NIIWNN : VYN NNY NN IN) 1IN DN NOY DXONN
NOIWNN DY DMYN DXVINONRN YT-DY DINITIN MIANN DY DOWNNT (DXONN DXVPIIIN)
DN T DY DXITIN 2.1.2 PYDA ININVY 9D THNNAVN NN DY Mana Ry omdin ownd 7o)
289913 112DV AN NN 1D MO (NT M2 DY STV NNV ,NNSY TPNNIVNN NN S NN

N5Y NLWYAN NNNN IN) IMN NNTHY NIIYNN NN

Russell, Introduction to Mathematical Philosophy, p. 59 '
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DY IOND T ,NOIYN DY DXOMM DXVPMIIND GOINDY ,NT IYPNA MINID 1WN
20N DY ONIAN-2NDPA DT INNNND ,TPNNIYN NOIYNI ,OVUND 7D 191N ¥,V MIN

U NON OO L (TOn YRNWND YD YY) DTIN-12 NI VPPN DD, NNIN ISMNN VYN
30 MVAYN IN TPNIIN D) ODINY) TNOPI MyNvn v R vwamnn omn NX DX THN

IN PNIIN LNV ON P2 N NN DXONN IRYI D) MYNDYN ¥ NNYT 191N (T8N
J9IN Y9103 DN MISY MANN HY DXONYM DIVPPNIND NRT NMYY OIYID NINN

DN DYOPMIN HY DNDN 190N DY MM N2 DN DOWIN NYINHNNIY NN NNNTD

: NN NPPINN 12 NPy | T Ompn-1T

VX—TxX .1

VXVYVz((Txy ATyz) > Txz) .2

VXVy(Txy v Tyx v x=y) 3

990105 DI9DNY ,DOVIN YV ONYID NNAP NPN DY AN (T XD INR) VIVY DTN
o)1 TXy 2390 ONYN AWK, NI N DNANL DNV ,DOVIRD DN TIUNI 1IN DOVPMIIND
S= 2N ONPN OT-DY 1Y DTINA

SY (PN ND INPRIY O9IY) HTIN NN DMYALN DMODNN NP T 19INA
ANTNN MINN DV DTN NN 595 712200 MW NIDINA N NNIIAPY NN DY NPPVNTMIND
NN O) TI IONX NPLVRIMIN MW ONIX”N M -1 A DPMIPHR-NONN DXONNIVYI INITHINY
YTIOPIN NN VNN ANINM DT IR) THITOPIND NPIVNINNDD M DV DTN N PWNNN
LOTOPIN-ND MOMIND MAN INYHR DY DTN HIMIN ,IMNNI

MOIYNN P2V D2 WPN NN ,NPIVNNNA DNIAN DY DTPIN NN INVTRY NN Td

o9 onv

During the period of elaboration of any deductive theory we
choose the ideas to be represented by the undefined symbols and

the facts to be stated by the unproved propositions; but, when we

Padoa, "Logical Introduction to Any Deductive Theory", pp. 120-121 '*!
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begin to formulate the theory, we can imagine that the undefined
symbols are completely devoid of meaning and that the unproved
propositions (instead of stating facts, that is, relations, between
the ideas represented by the undefined symbols) are simply
conditions imposed upon the undefined symbols.

Then, the system of ideas that we have initially chosen is
simply one interpretation of the system of undefined symbols;
but from the deductive point of view this interpretation can be
ignored by the reader, who is free to replace it in his mind by
another interpretation that satisfies the conditions stated by the

unproved propositions...

s MINAN MIPONN D) MYAN YD IMININN

DNOY¥YNN DION PRI Y-Sy YAPNN AWK NON NN W NN 93
YUYN 1IN DMYNVYNN NIIWNN DY (DXONN) DOVPIIIND) DIVININD NN

, DD M M DN NN v 1

YMNMNON NNONY TD OVO DYPPT NN
DN D) ,10NY 2.2 YDA NININHDY NVDONLPYIVDN NTHYNN YaNY 195

(592 17772 1K RYNN NINONN

7320 NPND NYY MNY MDIYNY I ,MIDIYN 1900 INMD DI TAN MAN
DYON DXVPMAIND MYNYNA XIN TN MOIWYN P2 DN DTINIYI ,9Mmun
DV 12N ,oWNY 7o (10N 2.1.7 YDA IR 1T DT DY NMDYN NN) OV
-NY DMINT NPOIPN MWD NSMY D) DXNYD WNYHD HINNSYN NOIYN
MINT MDA YON IN DINIP NONRD IWNNND DINNY 71XIN NS ,NNIVN

25y

oMo yama 1

519 2.1.5 Pyoa 1200w Hwn
AMN MITHN MIWHN 93 HY MPPWN NPYAND NN NN N Dyay 15
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D»VPNN ONIN 2.1.4

990D NMNMP KXY N BPUNNN DN NIPOIND DN DMNIN ION NONWYN 12D
Sy

NYIPD DPNnY 0021 P2 MNDIVNN DTN NWUYNY PRY ND) NOPVLONNN NTHYN
D>INN 0NN P1AY (MNYN NPIVDINNDM NN DY NPYONTPIND NNTI) DMVNNN DD
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D59 HYA ON) DMYN DXVAVN DN MDD NIYINRNN DMAINN YV DX) DN DPOIW
M0 N ,DWNY  NPHNOWN MOIWN YW DM PHY DI PN DIRPVLPNN Y .(Fordwuyn
PR 19Dy 7DM»VNNN DN NIMDN NNN HHNY O PN VN 0NN DY ,NY PRYN DY
SONNND VYNNI NN DI MNID ,NPVDINNN NTHYN 9-DY NN

DN NMANND NPPIND IWYN 0NN DN DMVNNN DNINY NOMN NINN NTHY
DMINONT I PIVNINDM NN DY NPPVNNIND .ONYY NPYY MDOVPYTT NPPN NIVINRND

TN,y DN D93 DN DIRPIONNNY 0NN DN DI 1T NTNY 29-9Y DIIN,TdY MMIEN

99 DINN .(OWNY ,NY PRWYN INMNY MIAN) 7OMONNNDY NIPIND OMINT ,NT 1PIVMIP DY DY

295 2.1.2 Pyon VIVIN E Mana 15%9K) NINK IN 1T DTN DDOPITT NPNY IR MAIN

DNYPINNY DN ¥ OIIN (—Rba -v Rab -1m R onyn Yw mvunmoxnn pond ,Swnd \nmn

NN L7OMIYN RI7ND DNIANNN DT ON TI) ,DO0AVN DY 17 WY HIAPY NN NPDIDIN

DY PIVAIP MR D2IPN) 7O1VNPNN” RIPINY MITN NN W DTHY 19-DY ONY PRIYHY

WD NIN IV ANRD (DY ONTIVIN 19 XD AN YW MPPINY N, Fam9momand

PDMVPNY” ON DX VAP YT NT NIVIIP T MNP XHY 0912 DN DNON I P ,01NY
ANVOD NINN NTHY DNIY YINXD TIVX) DD YIINY NN DN, NI IN

SIVIVN YT-DY DITIN NIN ON P OX YONNNY 2WN) MDY NN IWHY Ty

LVNY TDL(NNNY N9 NIRY N PVNNND NIWN THMN NN NIRYM) DLVNNN NIIYN

DYN) OMNX DNXMNN DNIANN DI 1I-DY) ,NPVNNN MOIWN N NIVDINNM NPPVNNIND

Shapiro, Philosophy of Mathematics, pp. 97-106 '®3

1IN YW MR MAPYA PAY 11 MY 1PNNN DIRPONNNY DIND 1N ,SwnY DM Yw iR
VIDOW N NYIYN D000

Shapiro, Philosophy of Mathematics, p. 98 '’
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19-931,NPVNNND NMDIYN DPN NY PAYVN PNNIVHD NIIWN ,NINT NNIYD .DMVNNND DNNYI
NPYY TDOPYITT NPPN NIYIND DNPPIN DX 1P2) VXD DIN DNMIN DNNMNN DNINN D)
57102 YTY OIN ,NNN NIV TYND AN YT-DY DXITID NPND D1 TNV INNN .(ND N DOV
JPVNRNN MDY RIPIND NN 7PN NIV T ,0N0N NIANY THN SVNNN

DX NN 7DM»VNNN DD DY NI DY NIV NTHYN NN YINI) DX 1T NN
N NN .ONDY NPYY TPINIIR-TPDOPITT NPPN NIVAND DNPPIN TUN DOV DNIN
IN TINIVNNRD AWM NI NTRYM) NT NN MHXINY THINDIDAN MIND THIMNN NPN
DYPI92) DY P92 YIDY 12 NYIY NDNNY MPNN DY NYaUn 1Y ¥ IR L (MININVDIIND
.DONIN

YN MYYA JPRY MWD DNX»HD DX27 DOVNNN DNV ,PNAND WD 1D 0D
SV DMV DY TNPNI VA TN L(BPNINNVL 03N OVYND) RPNT YXIVN IX 11901

N9 DLV DVPMIIND PIDYN ONAY ,OWNY ,MMNINN NN MIITIVN NPPVRNNN

189 188
(

D200 YT RON NPNR NPPVNNNN 1AV 29-DY)  NNWIAY 12T 1N DMI90N

92YTNY IWITN TNXD P NT NN NNIX VNRYN 9DV Y0001 N3N NHNN :DIVN

MYV SNV DOVINON NYYA NOIYNI XD, WNN LY NN

NN INON 2.1.5

SWNNNI DN MIIWN INNY NN (2.1.3 - 2.1.2 ,2.1.1 D¥DOYDI) Y0 1PNV 19D

MYNYNN DAY DPNNKN ,DNY DIND HD1OW ,(D»ND DIPID IN MNNWN ,OWNY) M)
oY THNDN DPIYIVYI D3NN DOON NN DMIYN DVPPAIRD NN DNIXMN IWYUNY ONYDD
YN DNIN) MOWN DY 9HII9N MNINN 1PN DT NN OYNHN .2V OIITNHN PANN MDDd

(20991 NN ONON I NNIN OVNPNN NIID AVNI TYN NI DY IININN INNOINYD)

Hellman, Mathematics Without Numbers '
Shapiro, Philosophy of Mathematics, p. 75 '¥
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MWD SYNSNN NIN INASY 13NN NN MAN DY ODNINON NNONNY WIHXYTIY 1wN
MPPIN DX TN (M MIMITHY MOIWNN NN IN) IMN IRNY N9 IWaNnY |, Onovoan
NN DNON 11N MY ©TIYN D»ONPNNN DYON MYNI IMNMHNN DX N
DYON AV DXVPMAIND DN NN TN UN (reference 121H2) NXIN DD 1N YDNNMN
.DYPN NINY NPPINM DYDY D THIND
IMN NMDXITHN MDIWNN DY HODNTON YNINON D) 12190 NI 1IN DY YNNI »NIINON
DV HDNMAN INNIN NN D) INNN MWD NN DY HODNNAN NN : TN G, (1IN ¥ ON)
D517 PNMN XY DN NNONNY ,DTAYIN YN TN DMK INOHPN DY MDD
NN DNV DINDD2 1PN TON MPNID NIIWNY (DNODN 11 ,ONIONN) NP PN ,MYNYnN

MY NVY

DVNYOPNX NIIWN 2.1.6

VIDWN INPPNY NWHNWRY MORPOPN Tnoynd msy nann pa pnand 2wn

295 2.1.5 Py0A NI NMTA HAN ,NPPVNNN TIND XI19) 02N IPND NVNPOPN NIIWYNI
;W) 0P Yv 7H910 qOIN 1T HNLDIAK YD NN NI NN DY YR NNON YD
AT DT NDD 0NN DX MOUROTINY ,7)202 DIIPPNND (11D) DN DXPID , MINNIVN
DIVYPN 9D DTN .12 DIIOPNNN (DXVAYN) DD DIVP NN 1N DNMIYININI TYUN)
N9IWNN DY DIMIN NN ,MNPOPRN GOIND NPT DNIN OPPN MIANN HY DIONN TV
DT DU PUNRIN MNOUN-N VAYN DIDI-DY HUND DOVTY NX) NNPYY NONY MONPOPRN
NOWN PR LV NN H)ON DT ,IAMIDD L, ANTNNN NN DY NPPVNRMIND MIANOY
MIANN NPPIN NN N NN 1NN WX MNPOPNR DY IND GOIN PR : NNHYY NPOVNPOPNR
1122 92525 PRI ,MIANN IPND ININVDIAN SYNNN NI PVNPOPR NN ,)D OX .(NMNHYI

ANINY AN Pad

Shapiro, Philosophy of Mathematic, p. 137 '*°
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97 DY NURIN MNOVN-IN DAVNN

95 2.1.1 PYDA NITNINY 1T IWNRD NNY MYNWNI 51PN ,wHwn "Nown” wmn N 2
JIPIVID MNPOPR YW XNDYN 1901 YAPY 12903 111 NPDONPVY/NPINIAN MNPOPN Yv >a0 1900 '
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LONDIMODIAN SYSNND PYTY) NN DY NITIND NYNYHN MLNPOPN NIV DINYD

39-5y D9IN .9 T00 120N HY IIWID NINK IN TPDOLINIVYN NWHN DT NN DN I1P°¥a
NOAYN L,(PPND 2.2 PYDA NDTN NN DN OYY) DNIAN OO0 HLDONIN NWIANN
MNINDY ,TANR MNGT) DMP NI NIRNI P XIN ,WTN NIAN 7NISONY PN I DPVNPOPN
AN NINNND NN NI THPVIVDYONP NPX NIIWNN ON .FPVIVDIONP NPVNPPOPNN NIIWNNIY

PND 2.2.2 PYDI XN NPVIVDIONPN KW DY .7MIAN

OVNINIVN 2.1.7

va o 70-70 Anxn7 TdP DR PN DX APSNMIPN 1N MOWN ONY

ST2 DOINND NOIWNN DY DX DVPMAINDY NNX NIWN DY DXONN DOVPIIIND

NPPINN TN DY MY CDmwn DVP»IND P2 DONN FIND X DY NIDYN IDRNNNY

92NN MDA .(NIIYNI NHDPPNNY

i, j € {1,2} my ox P11 DX 1Y W APINMPN N T, -1 T, Mwn N
- DVPPIN DN a,a,,...,4,7wN1) R",a,a,,...,a, €, YdH

on by,b,,...b wx3) by,b,,....b €, - 121 pmpn non A R”

a, —>b1, a, —)bz, ceey dg —)bn NNNNIN NP ONX L,(DLVPMIIN
eopnnon i S"awna) 38" e X, w R"(a,a,,...,a,) 0OpIm

.S"(b,,b,,...,b,) o»prm R" — S" nnxnnn nnvpnny 73

: NI NNPONN MY OVINIVND NITHINN

ompNn NIN MY, MYPY DR XID DPONMIDN .1

NNYY MONMIPN NN NN Y - NPDOPYHT 1.1

Mueller, Philosophy of Mathematics and Deductive Structure in Euclid's Elements, p. 10 '**
597 399 70-70 1900 Ao 1P

Shapiro, Philosophy of Mathematics, pp. 71-108 '*°
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NMMPN X, NN OX L2, X MOWN N D35 — pIvndo 1.2

L2, NOWND MOMNMMPN X, NOIWN DI IN, X, NOWNY
PONMPN X, NOWN ON L2, 2, X, MIIWN WY 5350 - PUNIL 1.3
2, 0N D) N X, NOWNY MONMVN X, NDIWM X, NOWNY

IR NOIWNY MINMIPN

DV NPPIND Y2)0 PXONY D917 NN NPINMDX JNIY MOIWN ONY DY MY T OX .2
NN NN TIO DONT) NINKRD OV DNPPIN DX NMION THO-DY 11N NN
TPIVNIN NN P2 OPANIMPN NYIP WX ,PIOUINN DY 1PHYIN MONTN
1200 nyon nx nY91ON TOPIVON NOIWNN PAY OIPY I-ININ DY
oV YUNNH MNIN YA MOMI-NNNT N DD DVNIMVNIND NINNIND

O PIVIN

NHMP NITIN O9-DYY DIVN ,NDXTH NNV 712N NONMIDN N NN D5 .3
32010 DY 1YN) DY DY (DXON DOXVPMAIND) DOVINDNN P2 INDN NINND
NVPN NN D) NN NN DY TiNOY 1112 10 D9 ,(MYNYN DO OXPNNN VIV

N5V VYN AN

020N MNYY NTAYNND YN 2T .OMNMIVN 0NN NY PI1 MDY nn»p 4
DYVOPMIIND P2 DXONN TWN PT-5Y P DTN DM ,MYNYN 5510 DXPNNN
NI512 NN ONYY DXON DXOPMIND P2 RN NNRND 1I-DY ,DNOY DINIVN
DY DIPN NPPOLNNNA ,NYYND .01 DTNV 12T DWW PR POV DM NN

LODNIMIPND ON? NIN 020 P2 MNTD

DN %9 4-1 3,1 MIPONN Y21 NI IMX NIINTH NPINIVN MWD NY .5
NAX 931 INNARY I PIYII NINK T, NIWNY MSNMPN IWIs T, NN

DMHNMIPN YN DN D) ,(DOYD 3 MIPON) NINTH NONY MIAND NPNIMIDN JIN
(2¥0 4 MPON yan) oM 0N 32 O LYY 1.3 -1 1.2 MNPONN ¥yan) 0711

13212 99YN 10 DX ,NIN DVONMIVNRD

Reichenbach, The Philosophy of Space & Time '
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D»NPTONIN 2.1.8

(GVND  TTOPIRD MIVNINNIN DDAV NT) DXIN NNY DMVNNNT DN NN
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Y D91 NNINA TNX PN IND D)) PN ONINONX NNN MNYNND 0NN MY PDOVPYTT
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A3 T
NoNY M Y YONYPN 7O»NN PRV NN JNIY 1T 1IN WD YNNI
NYND MDY MNIYNND 257D INOIN YTHN-IT NID NN MNINIAND AWNND NONTN
MNONNN 2NN DY NN INKD /DMN 1N PRIV IX 7DMN 1N WY N : DXIANND MWD THNI

: (NYA NIMDN DN NA YIW NNAWN) XD ASNN DUND Nvod

=DY )M YNONN NANND YT-DY 1N YAPI NNAWN DI HY NN ANNNY ,TD 22NN NITO 712w »I0N

S2%DONAN DYHIY DRNNA IR, NIIN MDPNN MXIVNN 8 YW SNIIN 8NN YT

YOV MNIVN 2-0 MNAT NYI XN DN P DN NIAXN NN MIVN DMN N2 WY nsavn .1
APOIYIIN NINI9) 1IND M¥AVA 3-1 TNV IN (MTTI0 NNN) 01N 12
102 WY MNIWN 3-2 DY) NN DN P DX NN NN MIVHD DN N2 PRY N8avn .2

.(M2aynn) o»n

Shapiro, Philosophy of Mathematics, pp. 193-198 '*

Gardner, “Mathematical Games*, pp. 120-123 >
DMPNRN 8NN PRYNIA DYYYIN DN YN TN ,DMINK DXYYI D) 1NIY 1N PIPYI 201
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NDTN DX DN TI-DY TN ,MPIYN AMIVAN N2 MMD) MY VIVA PNYNI
201N YV 122599 ,)92) NPT NI DRI PRYNY DNMNNY 1N T NN O»NN1A . Tunna

: ON (NNT NIIYNI DY ININWY) DPNN PRYN DX IXONHY INDTN

(10N NMYIYN) DOVPIIIN PNOON @
(1 M55 1Y) T 10070 MIPN-17 ON> @
(°N5177 2302 020 72 ©2 MDY \Y) Lo mpn-1n ond e

(N2772303 020 72 172 1IINOY 1) NDompn-1n ond e

:DVUND (NDNNNN MNIN NN PNVNN YD NN RLIANY DMIYP GOIN DPPN 1T MIAN

Vx(Lx - (VyVZ((Axy/\ LyAAxzAlLz)>y=12)—> —|Nx)) .

NN MWYN ,02N 1N YIY MNIVN 2-HD NMINS NYINI DN N WY NNIVN)

(Nasn

VX(ﬁLx —>(VszVw((Axy/\ LY AAXZALZAAXWALW) >y =2ZVvy=WvZ=W) —>ﬁNx)) .

MYN NN ,DN N2 YIY NINIYN 3-D0 NN NYINI DN NI PRY NNIVN)
(asn

R )]

NITO D5 19-51) OO HY HTINY GDIN MYNNNA YaAPI PIDN DY ONONNNN 1IN
MANNY YWITND 2IWN (NNY 01T N3N NNDOXTH NNV ININNN ANNN NINNN TUNR 028N
D2HWNN) DNNPYTND WNWNAY INK OYNNN YD IN DXIANNN DY 1NN MISNN NN ININY

JON DTN DY NOWANN NON,(OWND ,2WNNN NN NX DIXINY D1DNYNN
ANHN T2YN 591D DNNONY TOA NNVIAND WX PR (MDIYN 5¥) 0120 DY NPHNTN

TR NON NIV YTHN-YTN NPI0N DY DXIANNN NITO NX MNXIY M) O9N ,(MDIYI) 2I8nH

-TH DYON YW GOIX Y910 XN N -1 L 000N D1pnav povo man YN PON onN»NnDY ,TNN

L nx 9900 Ly ox 09500 nymnav 2,71 25¢2 020 72 v2 7 DNNaY 1) L 09mipn
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VAN Ly 1230 0HY5 q0IN -5y 3TN SNoNNNN axnmM N X Ponn Ly w8 ,k>0 995
N NX¥IYPI 07N 2 X 35PI7 NN MY Ly ymMpn-1Tn onda wnnwvnd X NooN

DYMDN DMNIANY 1O ,202’\9\9v 1320 Y-y D) NNMD NN M NPH1T MOIWN ,NYYNY)

(D»NIT DTN I OPVVLD DTN N NPNY DN

Shapiro, Philosophy of Mathematics, p. 197
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VNN DHINI 2.2

DVYNI Y DD 2.2.1

YD DPHNM NN PYUNIN 0nnn avuNey Yw DD MY Yy 121 Y1pn

DYOPMIN DY DNYP PI-DYY) ,DPNVIANR D) KIPIV ,0M0VNNN DOVPMIIN DY MNNIVIND

IUN ,NNN-YITY 220 DVIN XD IYM ,DMN MHNNY NN 17912 7NN NN O1ONNN

P OYA APV IN TPINX NION2 NN DPVNNN TIYVY DD YA ,OPINYY VIVI NI

YV NNRN-TIY DR DYTY (NI ON IN) NNNDY

ND DDIN,NPPVNNNN DY PNDIFINL NNNIN NTNN NWANN NPN SVNNN DINM

YMIYRYN DN MV IITIY WO GR) LDNLYIX N ,5wNY 5T *H1om 0t N2 NN

R

75

NPYVNNIND DY MNHYN-IN SVIWNI NYNRT ITON NPMIDN DY MNHYN LIYN N2

:2%D»NNN DVPMIIN Y AN NN ,SUNY

It seems to me that the assumption of such objects is quite as
legitimate as the assumption of physical bodies and there is quite

as much reason to believe in their existence.

(M2 M) *¥ans 1NN .0

I believe that mathematical reality lies outside us, that our
function is to discover and observe it, and that the theorems
which we prove, and which we describe grandiloquently as our
'creations', are simply our notes of our observations. This view

has been held, in one form or another, by many philosophers of

DOINPVNNNM

Shapiro, Philosophy of Mathematics, p. 37 ***
Fisher, On The Philosophy of Logic, p. 125 2**

Shapiro, Philosophy of Mathematics, p. 3

205
1

Godel, Russell's Mathematical Logic, p. 456 2%
Hardy, A Mathematician's Apology >’



high reputation from Plato onwards... 317 is a prime, not because
we think so, or because our minds are shaped in one way or
another, but because it is so, because mathematical reality is

built that way.

%0»0unnn D3N 1239 MVDMVLYIR-TPVLDINR NTHY NPT SONNN BPYNVPIIVD

PV NPNAN ST-5Y DRINT MIMN IPRY DPP DOVNRNN DNIND NONMH NN I
-T9Y NONMN NN DOMN TIVHN NN DH1PR MIANI DIOPMIIND 1Y 1IN IY MIYL 925w
2 OTPHIN 7P DI VAYNY ,DMP PN, SWNY  TPPHPIND DPIVMININ MI2D) ITHN NN
DN D)) ,0AVUNN NX NI MAND NN NNN NNPIY NPNIAN DIPXA NNNANND NI NN D)
0909 O OYP N KD YYD DX AN INX IMNNL OTOPIN NN OWNNN ANINN
7992 ONDNY DPP PN (12 DITINN DXONN DY TMY) MI2NN NN DMNDNY DOVPMIIND

2991595 nyAnNN

PPPONA TP¥NNN DM 7 5199 N3N IN 19N 99 >90N DNYY DN 1D NI .
2w ©omn )IRNI DONNWN DN 1Y 1MINA 29Dy ¥aP) TWK) ,Mana DIRYNN ONY

s NTHY ONYD NPIYNN NY2IPN YVNNNN DIINVPITVDN NNDNI

mMoINn DY 1NPPA NON ION G DN DY 0NYPp pady ,ante rem ovoNey .1

DV DNYP MDA MNVY ,PVDMVIIRN NYIAND NNITI) ININ MNNDTAY NPVIPHP

YN D) ,00»P DPIWAND DN 99 Mo L

DOVWMNN DN PN OX D) 09919
DYYTIN ONY PRY YN DN ,(INY IN NNNX) TPOIPNP NIIWN SNYIDN IT-9Y DIMTINY

DOVPMIIND OOIN ,DDTIND NNN 29-DY MNP DY TN ¥ 1N DY) O1VIPNP

.(ante rem DYNIIL 12VTH PYTY 1I-DY) ,0MVIPNP DN VN DTN DXONMN

IMN DTV NN YW NNYP GPINND XIN M2 DD HW mvp »adby ,in re ovuney .2

CPwminm men 9pInn P71 D»P 1NYHI 999U NOIBY ,THPYVIVDMIND NTHYY IDITI)
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n 209
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Shapiro, Philosophy of Mathematics, p. 18

Resnik, "Mathematics as a Science of Patterns: Ontology and Reference
Maddy, Realism in Mathematics, p. 17

Davis and Hersh, The Mathematical Experience, p.142 2!

Chihara, A Structural Account of Mathematics, p. 68 *'2

Ibid, p. 69 >
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POV IND PYTI PNYOD NN DY NLWOHN DNY DNIAN DNMX P DNINP TIV-IN
92 NPOVNNOIN MIVAR NIN DX XD TN, 9192 ¥MINNn XN OX P OPP YaN HY 0MMDN
VIOV DAY DYDY DOXWTN DI 1N ATHY 29-DY) NN DY yas dDnoa nvny

(DN2 VYN SNNVY 295 DMIPP PN KD ,¥A0 DYNN DN TYN) ,MINNN ODWI

NYNPNN NVLOIYNVLPIIVDN NTHYN NN ante rem DVONIIN NTHY YN MTHY SNV PN

T NN HY PONDIW IR oM Hny

NPVIVDONP 2.2.2

IN - NN DY DOOPMIIN N DI 1A MMIPHN N 0N DI OAXD NN MWD NV 9-DY

92) DYOTIND NN 19-DY MNP DY DTN ¥ M D32 19-H9) ROV IN NN DINDMPN DNY

NI5N2 NN NN PTHND NNMINNY PVNPOPN NIIWNY Y21 NI (YD 2.2.1 PYDI PINY

NN NI 0D ,TIDNN PPIN DX D) NXNND VDI NVLPINVDN NTHYN .NPVLIVDONP
ZE01pY 22901 NN SDIVDIDNP 1DINT MIN PTHINT NNNYENI

MIIINDIIAN NPOPVPNNIN DIDT NYIV DINIT VAN YSN TIY DINSIN NN TIY DN

,TNNA-NON MAWNN NPVNRNNN NPYIN NNIYI NN NN XN NIV 1900 MV 117191 MWD

ZapPonnna nvapyn n1ya NN NNOWIA 1WA PYINYI

If contradictory attributes are assigned to a concept, I say, that
mathematically the concept does not exist. So, for example, a
real number whose square is -1 does not exist mathematically.
but if it can be proved that the attributes assigned to the concept
can never lead to a contradiction by the application of a finite

number of logical inferences, 1 say that the mathematical

Shapiro, Philosophy of Mathematics, p. 11 ***

Chihara, A Structural Account of Mathematics, p. 47 *'°
Calinger, Classics of Mathematics, p. 662 *'¢
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existence of the concept.... is thereby proved. In the case before
us, where we are concerned with the axioms of real numbers in
arithmetic, the proof of the consistency of the axioms is at the
same time the proof of the mathematical existence of the

complete system of real numbers or of the continuum.

5TI0 TI MYSNKI 19Y NPIVNININ MNPOPNRN NIWN NPAPY NN MNP MY 1IN
2 o»wnnn 0Maonn NN D01 5Y 1IN MNPOPRY
72 2P01P 17 NPVLIVDIDNPY NTHYN NN AN DINK DXV DIRPPLHNN D)

2P pIN9 o | Swuny

The word 'existence' has not the same meaning when it refers to
a mathematical entity as when it refers to a material object. A
mathematical entity exists provided there is no contradiction

implied in its definition...

13791 NAVIN NNYTI DOYN NRY NVIVDYONP TPLVNVPOPN NIIWN YOV YaN MmN

ON 12 ,(NNVYIN) DMNIMP 02NN DI NMVDYNVLPITVDN NTHYN Y9-DY OIIN 0P MIAN
IND DN P ,MNOYA DMK INND MNOYYNRY NPVIVDONP NPVNVPOPR MOIWN NNIN
0D TPVNPOPNR NN MYNNDNI OOY NNND 0NN’ DPX ONIPY JI9INIV 012N H9D)

2009 YW NprORMIND SwnY

279NN X9 ,0PP NNPVAN NPVLIVDONPY VIAPN YW INTAYY THNN M9 1IN
,DMON NI N2Y DVININN TANY HOIVDONP NIWH PTHINY N9¥) DNY MIVINNIND

:5unY |, Z'o»p DIMYNY TN PPONY Y9N

Hilbert, Foundations of Geometry, pp. 28-29 %!
Chihara, A Structural Account of Mathematics, p. 17 *'®
Poincaré, Science and Hypothesis, p. 44 *"°

572 W 2IWUN MNYWN-N LIWHH YaNW 93 22

Frege, On the Foundations of Geometry, p. 36 %!
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,1320 DV 1NPPY 22900 MNIN NI NPVIVDYONP T NTHY 9-DYY TI-DY Ty RD NXI19 DIN
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ante rem DVYN DIDIA-DY MOLDIYNVPIIVDN NTHRYN NR OINNNND DX DT NN

DN DVIN PIMN WX 2NN NYNPHN MOLDYNVPIVON NTHYN ,NIRD NNV

S5y o»onnmn 0NN : (Z4ay vIRYLDY P

P 9P PHnon Mo Pyorna
DV NP N ONYID NION DY NNPPA NMON MND 19IND DINMP DNIN NINARNN NPPIND
DYYN NN DIRNND XON IMNX DONONNND N DX 712D OOPTHD NNYI IOV 0D

NN NPNY YT IMN INND YT )NVDAN MNYI SYNNN NN IPN NNNOY 90NN 1ININN2

Shapiro, Philosophy of Mathematics, p. 11 %
Benacerraf, “What Numbers Could Not Be” 223
Hellman, Mathematics Without Numbers 22
Resnik, Mathematics as a Science of Patterns **°
Shapiro, Philosophy of Mathematics **°
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VNN POAT PNVYAR KX HPIPA NPXR 0NN YW MY DPP ,PaD Pond 1) Zmvpin

(D919 119 ANINY
IUN DMVNNN DN DY DNPP DY NINNDN NIN P9 YITNORY NPDIRVNIN NNNPNN
YONNNI DIONVPTIVOM POPIPI DIPY DY NP IN NN NION DY NNPPA MNON PN
20HmnN 197,590 DN VaVNRY MNIANN 224Nt TPON N9NY AN NVN NIXNND NN
NPNNINY 1IN DY NP 1D T ANRYY ,DTOPIRD PIVDINDN YT-DY DITINY 1)INa
W INYP DSYA KDY DN PTYPIN SUNND ANINT DY INPNA XD, NMIN DRYDA XD IMON

NI PN ININ YR, NDY PPNV NNNNN DDA TINYNY N1IAN NPN ,DIPN

227
8

228
>

Davis and Reuben, The Mathematical Experience, p. 31

NN IUNL(OWND ,NPIMVPN NN DDA HY YN YONNN NI DY NNV NITIN VMY DTN NNON )
TN NNINA N2 WHRNWNAD D919 1997, 0INMP HPODIN NTHY NPODN

3292 DXONPM DXOPPINRA TIYD MTIX Yy YL Yw 20 2
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2 P9 DD

N (NPT IN SVLD) PVLPNNY MM ,NPPVNNNL NVLDMNVPIIVON NYINN 19-DY

DA OIMPNN NN NI MIDN) DLV DIXVPPAIN HY GDIN KD IUN , LV PY

P2 DONN TIWNY PNYID NOIYN XN NYY NID VYN MIN .DXOYNN DXON DY GOIN

2T NN TN I9IN NYYA NNPNA T NN .MINN DY MID I9NMIVN MDY DIVININND

INND ND IWINNY INLDIAN MY OYSNN - GMYN YONNO NNON W DY DD TINDY MINY IOV
.DPNMON NN NPNYY DMIN

MOLDMLLAN-NPVDIINIIN NTHYN NN ,7PININ DAY ,PVDIDNVPITVDN NTHYN
17902 MMN PR DMVNPNND DNIAN DY DNPPP MI-DYY ,0MVNNN DN 1D ante rem

NIIWN MYSNNI MIAN PTHIND I IOX 0200 DMVIPNHP DOYTIN HY DNYPI N NN
SV NINNNN NI, 0P 1320 DY NINON NN XD D NITHN OIN,1PVIVDONP MVNIPOPN
Nahmbaly

-9y VPPN OVYNVPIIVDN NTHYL YHNYN 1PN WINORY TPDINLNN NNNNN

.TID> NNIND ante rem DPIHNY DIV
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NVOANVNN NINND NS - YVNPNH NIAND MYNND HY

SINVN WY 5552 M1THRY NORWYN DY NNYD MIVANRD Y200 NN NP0 0»NON 1 P9

YNONN P92 OOIN .OMNY OMNN PT-DY T WY DMV NNPDNIN NN NODAY INKD NN
POVDIDNVI NTHY ,INNND NOINND DT NDN) I NPVDIONVIN NMIVINRD DI NOY NNIN
TIOWH NWY 12 VDWW O)TITIND YN MIYON NN DXIND ,QDN 30 NMWYIL W) ,(NWUD2
TMIYY NN TN NRINY,NDNN DY MIDINND NINN IR PINX YOI D02 DY .XUNN DY NN
NMNNA MOPTN NPDVINIVIN-YOIN NN 1T 1IN .APIVIRVNN DY TN NORY DY Nyd
P99 722 PON YITPN 12-931,(191T YXX NININD DONYY MVITI 191T MK NYYL OIIN)
MO DT NINY ,7PNN NIIINN SMIYL INYD IIYY RONIY NPITINM OOYP DY NYD 1O M
200N NNID YV ,POUIIMP NN ,IOY DDVIRIVIND MYNNN NN X DT NP

2

MYN 03 MO [ POre;»an Y51 Anva NYaNN NONYYY NYTH Yy MYapnn Nwn)

.7920 TPARVN NTHY MINDN (4 P2 NPIRY MADN NP ANV NMINIVYN 190N NPIVIN

James, Some Problems of Philosophy, p. 46 *°
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7122931 MNND T NVNNINIPN 3.1

920NY 2WN> NN NORYN N2 ,NPODMON0I NPNDIDD ATHY NHORHD DT NN INND
N3 PYDA MNPIVIANLNIN DY TIDN NONYD IWPNA IVTIND YTHN MVAN NX DNXIND ,D2ap
MNMN PITYY NMMINN NN PINY 72000 AW S0 1 P91 PNMINNY MTNRYN NN DOON

RhjAlam]

ANPp 0’0 3.1.1

MYV 555 92010 VITNTY YV NN L,1.1.1 YDA MIXIN TUNRY NORD DY NDNY NTNIYN
NPINN D) WY OIN INYN Wy DT SN INRD OWOD awnN» 127NV 01N NN
OV PNDIN NIVIYI MAND JNMNIY SMYV 1T NYIAP DD DY ./ 1INWN W 5931 TN DINYD
NIYIV DIV NYIN PRI INND OIN,(INNIY 9201 9 DY NADN "YITH NONY) "IVTH7 MINY
MO2HNN DX DY) NNIVN PN NIVIV NYRY DY NAX) PYTY DX ,TNDIN 7PNN MWD
NNDNID NMIVY DXI20NN NIYIVIY MYV 1D 19D (130 N1NT 7PIN THN XY N NPNHLDIN
PN NN 28D 95 RPITY N NPNDN YAV 280 INT 297 NN N NYNIND NDWNNY OIN
212 R (NN DMPY NTIIVN ,IMIDI) D2WN DY INPPY SNIYL 1.1.2 9yo1a /1100 YWNT
920N NN 9200 DO 1N NYND WY N DI TYN DY 2NN RPN ,OYA0 ANnDTD avndnD
920N NN 9201 D MITH DINWD 110 PYTY ,IN0NI) PIA0NY NN PR OX YN PR ONY NNVNRD
MONRY NIV DY INPN PRIV 290 ,DDIN 920NN I )TN IR PYNnDY nvnd
(D>PADN DM2DN JNNY NYWIN MNNN NN THINDIN "IN TNH
DA DT NPN LN ONN DX PIMTIN DYV DT HNYN OOPY DTV INRND
MYMN 5Y NN TAYD OMYY IUN IINOD DMIVIND DI20DNN NNV DXNLVNN IOPIDIN

DY MIND N PN DYONMNHN) 2

DYNYINODV IN DPNDIDDI DADN ,OWUNY ,TD .NPYIV
DN NP IN TPNTND0I MO DMINNA DNYTN DMIADND WNYD DMWY WX L(DMN
NPOLVNNNI ,NPEND DDIPN TYN ,NION PDDIAN DMIA0NY IR L) 1D INMIYD D1V

Y93) DI DY INYPY 72005 vNvd D01 DN DN D) ,NPNIYY MITIN DY wpnD

JPITIN APYTH MTHY DXIN IPRY PNIPOPNR DD 9y 11N, 1.5 PYDI MNDY ,1NNNY0 nunion 2!
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IPIN DN DN YR ,DMNDD DMIADNY (1.3-) 1.1 DY) D) WX (1.2 PYDI YTININY
YND N20ND NYOITN PV DT AWPNA UNTIAYD IR MYYD” 01D DX ,YINN DV
NMIVOND 2NN PN 7DV ,(1.1.3 PYD) 2211 DY NNDMIVN 92 NNIN XN YDVNPVIIN

220m9910 92WNY NN 1-5Y IWNY) NYTN DY NYAPTIN NN N

-ND 1OV, 00 NN NI 9200 - TPNIYNRI N NN MINPNIN PRI 18D Opdn .1

JPNVYNT N0 PADY D13 IR VONMN DIV

PRIV DTN DINY DI DY VININ PR NHNDN IMIINI - NDO RIY INN DN .2

YT DY NOAPNN NN MY

ANDIDN DY 191D 1NIT-ININN DV INPPY 120N PR - TN IRD DO OIPdN .3

MZNDN IPNY NN IT N0 IT-2Y MDIDN 19N 1.3 PYDa NNV NPVDIINVIN MITHYN
ONRYY NPoDN NAIVN NNY

NVNN .MIINDN DDIAN 120N 1N YINOYW I NYIY YN IUNR 12010 DY INK NO
ND YY NODIN DNON I NPNN 71HIVIDN NN DITHIN DID MDD NIDNN PN TN NHRYD
SV MO NORYO NAIVND PADN NN NI 1201 WTH PTPRIN 1.4 Pyo 7200 DY M
NVY) MIINDN ODIN I20N DY INN DDA (ORIMPYN NTHYN DY NNPIAN) NPPPINVNN
WP PADN PN NI 20N D) W11 STPRIN 1.2.3 PYDI DIIN ,DOVINNPN NN VIOV
M

MM TIY DXTRIY 10 OX ,0MYTN 1101 MND 1PN

NYINON DINNN 3.1.2

NNN GN D27 DINPIVY OPYY |27 VINOY 1T VI YTHNY 920070 MDN0N TAN L1021
S5y DDIANN 120N WD LMPNDDDM NPNOP YD) NINY ND YON NMIYNIND NON 920N

LONYNY 1PNY) INK YT DIND DY (9393W XIP 1INOV) TON YT DINN DY INTHYN

Nozick, Philosophical Explanations, p. 137 %
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IXPITI N

SPEPITY OT-OY ODNITIN 1IN TPVUYI INK YT DIND DY TNXR YT OINN DY NTHYN
23 MUNIN DINDA DVYIWA DPINDN MMV DINN SPIN YY TPOPNN-TND NPT NPV
DINYD I YTHNY I200 N0 ,INDIMN-22207141 9301 DINN DY DNYINI INNN 1D NP
DINNA YIMYIY DN D02 DY MNMIVYN DINNN NDWIN NITIND DX NYIT 11D INITI L(PON
INYUNIN
DN YW NPMONNN MWP 9N DY NPMONT NP NN INPITID NOVIVS NPT
TPIPNT ANINT [ JTPIPNT TIPA0 0D, MOUP M) YW Niona Dooa 0w Crornmp
DINNDIN DIV MIYNNINI OVTND O 25N I TPDP0 iPIIN |, THI7T DI, 0ION

JPIPMN NNIRNN NN @ WRY) T = la 100 0pIm 0707 D91 YvW Nip»ona vinowa

13D TIDY YPINK DM 9N DY PO IYNN DIMANNN L(0IMN T -y mnnn vanm |
2Emom v mwn pinn) F =ma
MYNNNI DTN DPN YN DIV 1D MMV YN DINN DNV , 0PN DNINI
MNNN MNY DY DMOVINTIN DNYIND P2 NNPNNN NIND ¥ INYNIN YN DINNNND DIWVIN
NP9190 NPPRPTININD DY PXPITIA ,OWND T .022257D71N INY NPT NN IWANRD YT YN
SV YNNI P07 12PN HNINT (NPXNRYTININT) /770790077 3N P2 DNRNN NYIT
TN AN LNPIRPTININT TID AWIN N DT IVINY DWW NN L (NPNONI) 19750
Mymn 95 NN A0NY 1P N NHRNNN DDA DY .NPIONN DINNN DO NMIYSNNI

.NP22100 PN MYINKI NPMIPTININN

NP NYYND NPNY) DNIYIN NNNNN MYNNNRI P¥PITI DY DDIANOD M 1200
savn explanation by identification 9Py ,(19X DMWIN H¥ ANNN SRYIN P2 MM

:3ND H201 NPN HNNYL ,DMNDD 020N HY NNDNA 2V AVNYN NXIN D G T NON

DNNY NN NON MNP DY VPN TINRN YT-DY NN NPNR G0 DY NNV

NPIMNY I RO MNPOIM DY MINRN DINR) MNPIN SY NYSINNN VPPN PININD

Nagel, The Structure of Science, pp. 336-397 ***

DN YV NPAIONN YV NIANIN IWURD INY KD MYP 91 DY NPNO0NI NINIY IDTIOY ORI P YD G 234
DMWY YT INYY 1IWN) XY O2IWN 1IN DININT NIYY DIV NNXD ,OONTIP)

8 NN, NPIN AIND 2
Newton-Smith, W.H. “Explanation”, p. 130 %
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N>T) TN NNVINIVNIY I N NI NNINA HAX ,MNIY DM LYINND DINTNI NADID
(NN DN NN NNV 1T NN DI NNVINILYY ,DINTHI NADIN NMLYY NNINVY N

Su R WY TDIONSY DYMINN YP-DY MM PYPITIY NODY  NwWan
-39 DNVNINN,DMN DINN , MNP ,DINVN ,DMIVINON DIPIPON : M 290 DOVPMIIN
NNN D5 HY DXVPMAIND .TID) YT DINNY NAVNI NN DI TWUND ,N1PNIIN MNP OONRN
oy OYNN DOPINM ,MNNNNY NNIN DY DVPMIIRDND DXADNINN DN 0N MNINN
LDMNX DXDINY DXVPMIIND DY DONN DIPINDNI DI PN DOVPPIIN

MYNNNI YINY NNV TUN PV DI0IIIINN NIEPITIN NN 1INV TINNP NYIIN
,IVIND 19D DMOVIN DXANN YIAND ,DYND) DDV YT NN TNSN DIVXAY NN NPT

2351919709170 DINHN DINNND MYXNNI MIVITN MINND

D17 DTN PX N NN (
VIV NN NANNDY MLWIN DY D) (VNI NIND 13D TPNPITIV DIPNNNDND DN P O))
NP MDY MNID DNYIN MYSHNI ONNN MM NNIYY MMBN MNI2 DNHYINI
V17792 GONY DX DMIDY DXTINY DY DIANND NVWY 'MIIND DMIY 1D ¥ 1D VIYN) 1PN
(D030 NXN1Y NPIIIN NPXPIVINRD NNONDY N7)T Y987
5y JN NDDAND PDVPVIIND SYTHN 20NN NN TPIPITIA NN I TPV T NTHY
NP NwAT M TDP0Men DMWY Sy 3 YN YW DNVDNT MDD MNYNN
,IPIVAN YPIN NN TY INY DMDX0IN YN IMNND DINVN YN IDINN DV NIRDN MINPITI
NTHYN DY NV 10D ,0MONIP DMIPNI LYNOY KON YT NPITPN DDA XYY NN TWUN
DN P2 ,NRDN PPITY DY NYIITI TNYD TIND NYPY 1AN0N ,NPI0N DY NP TININD
1 VPN NTRY 2 DMMIPY DYMDI DDIPIWN DN 111 NIPNIN MYNHNN MM Y91
WD, DPNNON DINY YW PPN 9Y 9 ANNY XY TN, 70 Ywa o oomnn wp
NDAM TPEPITIN ,NNT DY THY) HPONINRY 2ZMano) : PNPITID NPIYDN 1IN MNIN

LCEDPIIND DINNNY YDOILLIN SYENND DT YT SWINY DINDIPY DY PrTY

Oppenheim and Putnam, The Unity of Science as a Working Hypothesis, pp. 3-36 **’
Churchland, Neurophilosophy ***

Hooker, The Unity of Science, pp. 540-548 **°

Dupré, Reductionism, p. 403 **

Seager, Supervenience and Determination, p. 480 **!

INIT YT 7T P9y T2V WIDWH DINNY SUpervenience xwny oun 2

Nagel, The Structure of Science, pp. 336-33 ***
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5¥ MK 12NN DMWY GR 99,7297 24991 Y onvansa X0 mMORIN Y NPN
Y19 NMYIIY YA T PR AWK - yT1nh D) IMK DINYD IWARY 7PN N, D97 DIINN
SND1D OMY DNPIVN NWANI NI MSPITIVI IN) NYT MDINN MY P2 7PNPITY YNID
NPYW KYY MIPIVYN DINNT MW 191 KW 0T 121102 MYN D1 NNOPY DINNIN TN ,(MIWEN
DN ,5UNY [ To SNWNIN DT 9Y 70 »mvn oinnny K NN NIWRIN DINNA
5Y DYINDI DMYVIN DXAXNY NYV> NYTINN NYAIN >V oY von nnn NN DYapnn
0103 Y5718 2803 MW XYY 50N AN NPV 1IN NI MINN DN 0NN DX
VOPA NPY NOY UNINNDY ,NPIND MR DY DNYIAN 19INA NNPY ,OUND T Nw 19-DY)
DYINY Y1 T N7 KOW R 7NN DPLNP PNIND TAND TP MPYON Y20 PYIND
APN (MYNIN IN) DIMNN MW P2 MDD NP .(NYAN NPWY 1T TPNID TPNTN MY
SY NMIAMNNN-MN HYA ANY NYON NYIIT I N ,INDD PSPITIV MIYIND IR DO
PPN PINININD MONOIN
YMINN IN IWINM INND DNIN ,MINDY YW DY DNDY APIYN NYNPH NI9DA
P XY, NPNINT DINYY TPOININ NNNNN NNOWA TNEY P IND IMN OMIYM 1T NNY

DMV MDNOIN YN0 IND

DPOINK .5

L($9INN IN) HPVINIIND NN NN NPNNON DIXNY YWY TWPNA YN G0N NI
DMV DAYPNI DY DNANXI TN IR IO 0 NI MDD POIAN Y0V
TINDIONN NPOLNIIX P2 MNAN Y919 AT NN S MMM MNY MWD MN»P

DTRY MHNM”NY) NN NITHNN I9-DY 12 YNNUN XD ODIN ,TINDNVDAN NPVINIIND

Moore, G.E, Principia Ethica 244

Hare, R.M, The Language of Morals ***

Seager, Supervenience and Determination, p. 480 ¢
supervenes

TYNNA DRI MY M by 24

Crane, Elements of Mind, pp. 70-101 **

Crick and Koch, The Problem of Consciousness, pp. 19-26 >
The Cambridge Dictionary of Philosophy, pp. 689-690 **!
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PONIIND AYNN PIMY PN YT DN MON : Z2(ANY NHIPHN ROIY |, TINIINVDAN

1D-DY¥) MNYNRIN DINND NPLINDIN NMNONN DIDI-DY NV NITHND NN NN NN DN
DYIN ,)209) 1NN MTIONND 29NN /O D3N INND ,INPNTY .12 MYNYN NIoN NN
12-591 ,MYHNYN DWW PR MDDV : DN DY INPI NPDIDIN NNONY DMION MTIDN NNI2
7YY DY UPNA HHO-T972 YAV NN NPVIINDN .FPVININN NN NPN MY INN)
APNY N9 TPTING NP NP NAINNN IMWN DINDN NPPIN IWNRD 7 maomnn nnta
YONIIN TN 121D DINNY DNMNND I IR ,NONDI NN PHYY INYNRIN DINND NOPVINDA
NN NPPIN NP OVIP YWY 1O NON 21D NN MIAOINNN NN TdINYHVN DY)
NN DMMANND OO DOPIND ,DWND 1 (MHNNNKY 1T DY NPPINDN MY IMaN
DYYNNN POND DMUMD DN (DWNY |, M7oyn MINPN) NIAN TOYNIND NNMNNN
NOT NODN NNNT .OMPDY DINDI MNAY IN DNN DM IXTNA DN YD DX,V HY DY
IID) MANIN TPMNIN YN NN P PLVLIMNMYT YN L TPVIND NNIND DY NPPIND

Y20 MPDYMIN SV 1T MTHNN NPINAN

DNV ,0MVPITI DIMNN DI DMVNINNRI NINID IVTY IPNNY DINDIS P

THRND YNT NIR ONUNRIN DINNN DY IONND TN IOX MIMIYD DINDD WD TN NINY
oy NPNRPTININD NTIYN YWD 75 .(explanation by identification) D2 MPINN

7PN S IoYPn MYNRD YHIND WINT NNVINVN N P2 DHRNNY PP PPN
NN ONIHBN ANDNY DPHNN DNV DMN -9y NNVIVNVA IWNN M

1092 NY PR NPINN PPIN NNV DIVN) NP TININD

WX T MNNY NAIWNN ,NPNINN DINNNI 29 20N vidy Ny y1in )0 ON

.920N YW DT N0 DY THNDN 1IN (191D 3.2 PYD) NPIVINLVNN DY TIDN NIRYY

Teller, Paul. "A contemporary Look at Emergence", pp. 140-141 %2
Nagel, The Structure of Science, pp. 374-378 >

65-86 .y , 0N , ooy 2

Nagel, The Structure of Science **°
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YTRN MTHNY OVOPIVS 3.1.3

, DM DXONN DD ,Yyava MYMNN 0NV NN YTNI 0PI NVOVN NNINN

DY DOMAN DMHPIVA TID SPINHD NN ,DONNDDI DANN N ,NPNOPI MOIWN
MNDNN MIAPY 1N NNIN ©Y0A DY .(BTIPIS NXIPIN NTNIY) DN TWNIL DMIPII DIVININ
Sy NYONN DMWYN DINNN NDPNNA DNNOND ,NPNINON DINNNL WIND Y1HN DY MA9
MINNR NWIAN MY .NNXY NPIDAN DY DMNM YLD SYTN 20N NN TNRYNDT OIRYD Y1010

79-9Y amow aINp 991N MR IVIND TAPNIY NI DHDVLINDL NNPHY ,¥190

T IPIND VTG TIPINTIT TP TONIINING W PUNIT T

“It is obvious that, at the present time, laws of psychology and
social science cannot be derived from those of biology and
physics... no scientific reason is known for the assumption that

such a derivation should be in principle and forever impossible”.

MMM ISP DY MPNN NPIDIN, MO0 10D NP MYNN NN DY DOYTY 1IN DN
DX2WINN 23 GR) DIXVINNPN NP2IND MNNWHNI DMIVINONT DPXPINN P2 DTN TN
(DMTPNN DXAVNN DY 1IWNN MDA 720 NYND ¥ D217 DIPN) ,DYIMN DN 1D
2N ,XNN DY DXIMIND NIPN D L(NMIZIPIINN NI IPPY) M NPNDPI MYNN D)
DY5NM NPNYD NPIPN ©XDI-DY 120N0 DY NN ,NMTI) NdASY NNYPN RN
D»YP) NPAXVAN DY N21D NMPNDPIN NTHYND 7171 DIXXY DXIIN DOYPN GN DY), 07019
PRY NN Y702 2109070 DI NN L(NPNZPIN MIIYRN MIAINNN OPONI MNAT DOYINN
M>2¥9 S¥ IUPNA 1N 21V DN 0N DPNNDDI DXANN VAN JPIVIN-IND NNOWN N
YT OMIND MY P2 DXIYPN PIN DX DN, NI NVIPNRN (HUND  1ONNNN) NONOPH
YN, DSNOVNY PYN DA WANY NOIND PAD SN NT PR ,1T P IPN PITY DN OININN

09NN VIS TY

Ray, Logical Positivism, p. 250 *°¢
Hanfling, Essential Readings in Logical Positivism, p. 128 **
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NYNN DX NHD PPONN NPNY NYY NPNININ DINNY SY 1T NIWIVIA 1PV 5Iwdnn
DOLPMNON  NNN NPTIND  SYa NIRD - PNYDD POV NN NYTINN
DOV DOYNN 0501 DX T M2 RD WOIND .NMNX IMINNDY  NOVIPPOPTNRD

TVUPY PO TIMYNYN MINTPNN NDN ININNDY GN ,NPOLIN NPNN YD DONON

MY DN YO DX ,MIPN 992 . EN1erken 1PN NMYeY DTN DPNYTIN DX
2¥ NINK IN T TITA NN MNYN PNINTILIDID YILNY NI,V TR 31590 DI NTHY NN
OPYPIP 1IN NTNYD RIPI XD IN DYI-IN DNIN 12N OX P2 ,01HPP19 DIPIN DOVPMIIN
Y TPNPITYI MYNNND ON) IMN NDIND NI 2NNND OD2N PNIPYY IONNNY INHNONN

D20 D27 DIXRPIVO I N .(NINX TIT D2 IN,NPOPIVA NMIYIIND MINNKN MYINND 510510

APINN) TPNYINLDARA NNINY NI DOPIPT DX PR ZAWANA 10 NI W TINPITIV DPD

INT MIVYD MYON) 1K DYI-IRY 1T 112XN2 NMIND OIDIN NN MDD (N

INPN (NAN PYDI) NPIVINRLVNN DY TION NIRYD WX NT NDNY NIWNN ,)D DN
SV TYDM NNIN .NPPVNRNNN DY NPIIAN NTHYN NN NN ,NPNINON DINNY DY NINDNI

NTOW_NHNY NN INDNY_TPOPIVON NIIWND NI ,NNNIN AWANY Ty mnn Ninn

NN TNRYNY 112 POYY N0 OVNNN MY NION ,LYIVA MAINND NI YV 177NN D013

.DNNY DOYPIVON NIIWNN

Crick and Koch, The Problem of Consciousness, pp. 18-26 ***
Mauldin, On the Unification of Physics, pp. 5-19 2%
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TONINM-NINVIIND MDD 3.2

=INVYAND NIHN NIPN 1OV [, NDNN DY NN MNN DX PIN MY Pyo2

L DN TPIPOY TN IPRINNND

21220 1OMYPIVANN DOVPMIIND VNN AN NNNYD XONX NPNX MwnHnn .1
DN YAV PPINY,NT MIAN DY DOVYNNN DIXVPMIIND XION DN MYNNN ©IDI1IY
P25 D DMIMPN PR DOVPMAIRY DXONN TN NN NIMINNY NPPIND NV

DY Y20 YW DMHPOIVAN DXVINONN NN DAY MDOPITY NTHY SN DY

%(explanation by identification) LW VNN M2N HY DIVLINYNN

N GRY ,NIOY D191 12V IDINDND DY MYNND DXONMN DXRY "NPOPIDrn .2
T2 DO POV NIONN .NLYMNN NNDAD NN NYHN ,NT YVNPNN AN PON
PIPYPIVS NMN DOVINN NN TO YWY ,OUMND MYNNN DX NN NOINY

MWUNNN SY PNDIONN XD NDNVDIIN VI DN PNPOPIY [ INNDD)

DIPPN :NPPVARLAN YW MO NINWY YTOH Myn M) N IPVARLVY AN .3
IV9AN DPP WY W 1DMPNNY OTI IHVITINDIIV NDDY PIPY WX S0NND MDD
19912 X O9PIVY DIP> YW INPPA MMN PN WK ,INK S0NNN MIAN 939 1D

OMN MHNHY NX)2N

5S¢ MAINNM ,0227 DMVLNHNY DN DIVMP TPNVNIN "NPYPIVY” NPPP N .4
NWAN IUN ,PVNNNN MARNN PINI) NN SY *'ANYan NX NIWANND BN PN
YN NION-"2DIN 02D PTHIND N2 T HVA /NIDPIVSTD NVYNNN NNAD NN

SOMOPIVIID

TPVIIN NTHYI 1N NTRY TN IDTYW NI P 0N 2
emergence Y2101 >°!
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NN WNNWUND DNIPNY R DYV NN TPNINIPI-112I0I9N 1 MIN PTPYOY 10 Non .1

TI93D MNOPNN ODIY NN VAN I1NNY POYIN 70U SY MyNuna MNVIINY

DNRY DMATNY NYV NIOVDMIN DY INTY 19-DY ,DININNN 1IN ,NOOPIV9N MWUNNIN
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DY9PY DAY NDINY 117 GN DIHNDN DININ NNNY) DMPVHRNN
DINNN NPT AT IPONY (TPTIPIND DIVMINNIN N NPPVRIIND NHNTI) POV HONPNN

12V, (7DMNN PRYNTA DYND 0N N3N DY SY9NY DIINON NNINTI) 29T Y0NNN MIAND

Dainton, Time and Space, pp. 27-92 **’

presentness awmnY >nnaw onn =
Shapiro, Philosophy of Mathematics, p. 183 2*
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’90) 2YYH 2DWN NNNYNY DMWY DMYN DXVPMOIIND P2 DXONON 1) DVPMIIND 190N
MYNNY ©X0IN NXIN DN IOX DMVNPNN DN MNDN TANR GNIY 12 .(2.1.8 PYDI ININY
MWD 22D D) D7) .NADNN YT-DY NTID WOAN) P97 NON ,/IOPIDY” MNN DY NN I IOV
VAN 12V DXON DOVPMIRD TN TR ,PVNPNNN MV PIANIN” 92T DWW PN : ININN
2NNV MIVONN DY X100 1IN NPPHH DM 9901 ,1DN) ’NPININY NN NIOND
RGP0 NPTIDY AIMINHDN ATNY DM KON Y01 DOTIDY DYTY DN DNNY YT
,Y202 DPTION DXVINONRN YWY DMNNY NIAPNNND NN TIRINMI-NINVIIND NINN ,NININD

(N2 MON NN

ININN NXI) TI RNMONY DN OIIN NTN) 3.3.5

NN D) NON 770I199-ND NDY NN-I2T W VTR P NI DRY 219 |1 9992 PISY 29D

-TPNLYANA NN 1921 .21 mINKR K9 75 RYNY DN DY MDY - NWPIANNN NODINN
DN Y2VN SPINYY ,NINKR XD NI NIN DIPXNIVY TI0 720NN 1N NORY DY D) NNY TIRINDM
YONNNN NN T ,DIIMPY OOVNPNNN DNNN NIDPX TINBY ,XIN ,DINN NI IIND
1T DY DXON YIIYN) DMWY DOVPMIIN ¥ DNY D1VNPNN DNIAND .12 DINMPNN NRY
NHN PON NN DIV INN XD ININ DMNN NN, NDY MWNNN IR INNNY SONNNN 1IN
NDY ,120D 1NN MDD, TPUNNN-RLVN NN NIRYD NIWND IND D) INK MIANND NI
RapRabiatihal
YONNN NIAN DY (P 2NN D9ID) NMVNNN NTHYN ON NYNYN D) NDW NY IWpPn2
PR OVNNN NNANY D) ,)OV) TPYRI WD INMN ROY NID 10D ONX) DIPYY NIONNN NON
D2 HYY DNPPI INKNAY NXIN .(DMIPID ITD) 2N XINHD NNVIIN OMP NIN — NINNN
P 2NN THIRINIVA-TPNVIIRD NINN 29 DY ,TOND NON IO 2NN NN OOVNNN
12 NIPN NAY IX NN DIPXN ONX NYRVIY 1IN, MVNND DYDY >UNNNN NN D1NDN
12N OIPOXN DY INPN DY NPVIVDIONP NMIVIRD SNV ,N1IAN-D9 NONY NPN NONNN

(DXINRNN DMVNNN DXITIN RINNDT I NMIVINRD YNYD) YONNN

Witten, “Reflections on the Fate of Spacetime” **°

82-83 0y ,MTHNN NN Y DINK D¥ANI NYTNN VWA Y309 2!
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DOVNMIDND WV 3.4

PN PNY FORINIO-TPNVIINN NINN NPVIIMP NN NMININD WD DY 3.3 Pyoa
MTYY MMNIN SNV 5Y THNDN IWUN) YN NONY TPHONONRA MINN TON TUN POV

NN YV HIDIDIA

MHNINN X

MYMN MTYN 95 5915 ,pMyamn 519910 Sy yaon - ONNVNND) BVYHPION NN .1

NY DINNX I NTNRY .OMOPIPY DXPINY DOXVINON DY NN ,NNDWI 19IND) 1IN0

NYTIND DY NYMOND NPDLPYNDN NMODINNL DTN IURD IPYa |, NoNna
N IMNDPDA-YPNN APNNI NVOVN NTRYN YR L("quale” TINMNPNN YA NINONY)

PN ,3.1.3 PYDA NINANY 2921 DVYPIVON NN NTINNY ,MODYNVIN NTHYN

L(NY 712°N2 NNIX DINNNA

: DMVNNN DAY DN ante rem DPINY NNIN ST - 2VNNNN DPINVPIIVON NN .2

NTRY) OOV ODY DY INPPA MNYN YN PN (NMNVDAN) DINDMP DMVNNN ONIAN

(2.2 PyvA RPNV

NYON .2

D991 MIPN NN NMNY ,1OPOVO NN MUnna XY 1NN NPPYan
Y NDNY) PRI DIDAIY DMIPIVON DIVININRN DN NIIWNN HY DXVPMAIND : DOVNNN

NN 319191, 01 200 YW DXVININ DN DMIWAN DXTHYN TN DM 2PNNN WX

DMV P DXVPMIIND IRY HY) DYDY DITHNN DXOMN IN D DN ,ININIINY J91-1NT02 D) 22
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»PH ANT R DIOPHIIN P DO 3IND NN NMINRNY NPPINNWI (DN IWRI 193N

MYNYN NMY NPNINONY D DININ NI DY HOPIVN YN A8N .yavn »pina v
,PO00N MO NNN P-DY NAININD ,OVND ,NTA0N) MVNNN DY DY DOV NNONY
DN L (D»VIXNPN MTYN NN OT-DY NININD OMIVINONN OPPPINN NNMNNY Tiva
YIOVN AN INNY DON PHPIVAN YN OOV GUNIY DRY N NPP192 21D9101N DI NWan
9901 DPD ¥ OYPIVAN APNNIT) 799N HY MNNONNY NN NNN MINNOTN MYNNNA 1D1D
7Y NN POIND A2YN 1T TPNNOT DY NP MIWIN HY DIPIANN TUN DI

NNNY NYDPIAN NIIWNN DY SONNNN NNINOD NPNY NNNIN 99N DY PNINONNY
NPYVAN YPINY NWIANN YT-DY TPNNN WYX OO IPNNN YW NNOTIO YT ; MIWNNN NN
NN NPIVNNNN DY 19T NRXY NNONNN DY NODIAN TUN) VNN NMDNY NIPYL ONINM)
DN ANYNY VYN MAN ¥ NN YOOV INND DOOIN (4.1 PYDI LNV 9D) YIVLN
DV HOHLNPNNN INNIN D) N NIIWNN DV PVNPNNN NNNONY INND ,(2.1.3 PYDA 1 NMPON)
SY MNNONTY INMN OVNNN TN YW TPLPIVIN MVNND DIV N L(2.1.5 PYD) DY Man
NI 1320 DOV ,(2.1.7 PYDA 3 MPON) 1RV INNRD SVNNNN INNN DX INND NININ 750N
VI9NN NN NN 7991 HY TININOININ NN YIDNNY YN AN XINY NIIYNY 297IMIDN
POPIVAN MWNNY Y9NMIVND PVNNNN NN INN

DV NITHINN 29-DYY 1 PINMITN PVNNN M ¥ TPOPIVAN MWNNOY INNRN ,102)
7202 VPN DINNN (NN YN RiDY) OIPI9 VPN DY ,(2.1.7 PYD) DVNIMVND IV
13292 DXOVPMIINRAY NPPIN PNYIDN DIRNND ODOPIPI PIN D95 1D Y9MMIVND YVNPNNN
YPIN 1Y 19IND NN NHRNNA NN ,DMDY DITHNN DXONN TN NNONI OMN»PN
LJMNT) TPOPIVAN NN ONY OAPNN DMOIYPIVAN DOVPMIIND DY DON NPIPIN
MYNNI ORY ,NYIVI (PODINIMDNRY DY MYNYNn >IN M) N DIXIN INRNN .(09I1va
YNMIVNRD YVNNNN NN DIV O )INNI MY NN NYINI YDPN2 DIN DNYN NIOPIVIN
DNYND oW INRYA PMYYY’ 7NN PRVIND 9PN DY YIONWNY THPOPIDIN MYUNND
NHN YW OHPIPIN MYNNI NINN DT YO0 0) 1D ,INNI MYIN MY DYPN2 DM

DYINRNNN DXOPPAINRNY DXONN TIVNI NRVIANNY) N2 9NINVNN VYNHNN 1IN NXAPNH

(D2 DNMPN

MK PNXOT IN M TN 193 91W93 TPOTN MHINON %3 Iy I SOITHIVDN YN %9-Yy DN Pa >
DVPOINNIPN

Smolin, Three Roads to Quantum Gravity ***

106



SY NN IPIND MVIND MTAWN DO DIY YN MNDIONND DVYPIVON NNINN
N3 9952 ,1HPIVAN MYNNY SANMIVND PVNNNN AN MIPAPH MIVHN Y NIONN
YONNNN MARN MYNNIY INRND TN .THPYNIND NNDA0 NN NYNN ,NI1ONN NNV DTN
NPNY ONNNX MYNNN DY DOVINONN) TENIOVNINN OMNNA P DT DY SNMIVND
N2 MINMPNND MMNNI KXY TN ,(DXOWN DN PONNNN MANN DY IVRY Tyl 09919
YHPIVON DIV NHYMPNN NN ON TPNMIVIND THD DY NYTO NDID PN NINAN NNV 1N
DT, MOINN D30 19V ,(2°¥D 3.3.2 PYDI NNTIY MITVANR) 1D Y9NMIDNN Y0NNNMN MIAN IN
NNY PIWAN N2 DT PR 1I-DY DY OUNNN MANA NDAPN W OUNNN DY NAVNND IN
MYNNI IMN ONN NDRY GR ,MYNNY I9NMIPNRN YVNNNN MANI NYYNY DNIMPNN
(3.3.1 9P¥D2 ININY 293) MO
12D ,NY O0NPNN NN DY INPPY 1IN ,DMVNNN DN 12)D DVININ NNIN NNN TN
NNYP DY NNT NNWD OO OO DY NP MNIN ON ,INN YVNNN MAN DD DY INYPP
SND PINN TOD-ON LDMMISY DMOYR 9N L1 P92 1INV 9D IOPITS MVNNn Yy
M ,MINK DN .NOPVHPNNN MYNNN NN (DN NRY 1) NOPPN DTN MYNNNY

LONND 990 DY PNINND DNNPN DMX YN ,NIOPIVAN MWNNI I9NIVNIVNRA DT YONNN

YVNNN NN NNV D ,INIDI) YN NPDPITA NN NNMP NIV ,DNNY MYNND NID NID

Y9NIMVIND YVNNND MR PNPOPIV’N MVNND : MINK DIDNI .NNMN NTHN (VYWD

DN INN DY
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3 P9 510

IUN ,TIVANRLA NNNN NYNAY  FIRINND-NHVIAND NINN NN ONINN 1T P92

:TPIPYY ONIVNY .DPIVARVNN DY TIDN NORY DY MIYD 112 NNINONI

DXONONN NN NNTAY TPDOVPITI NTHY NN OVPNNY MIAN NOX NPN MYHNHNN .1
MV ON YILN PPINYI ,LVYNN PVNNN MIN DY DXVININN DY YIVN TV D1OPIVIN

.DNNY P2 D2 DMNMPN PN DXOVPMIRY DXONN TIWND NN NIMINNDY NPPIND

PON INNNY ,NIONN DY DNDIY I9IND DY MVNNY DXONMN DRY "NPOIVarD .2
N2 ONNNLDXAN VN N PNPIPIVAY 139) FWNIND IMNX NYIMIM ,NT Y0NNN MIANN

AMYNnn SV INDIONIN

D»P DIPPN :NPPVARLNN DY TION NOXYY NIWN NPADN N TPVIRLY MMNN .3

.DMPNND YT MOLITINDINY NDOY PIPT NI ,OYIN YNNI 1IN (NNVDIN)

0NN PON HY MADNHM D227 DMVNNND DN DIDOP .7YNN NPIPIVY NP N .4
) IPOPIVAYD NLYAINT NNIXI0 NN NYAIN TIWN NN DY NNYIIN NN NIVAND

SDM9PHAYS N7ON NNNANN DNV 19N DI MK

Y 97921 ,00WUP 1901 YN ,MYNKRI NN XX NIY NPHNIVPND NN NTIN WX N NN

: DYYY NNYY YO

1M DRN .DYOWIN DMNVYIN DNINK NPMNN NNYD VAN PVIPNPN MYNNN e
MPIVAN P2 WO — IFPRINTO-TINVYAND NINN NNDNA DT ONYIN Y9 201D
,NOUMNN MYNNT NN DIYNN NN INDINVDIAN NIN INDIVNIN Y NN SVNNND
JID) NP ,9908 AN v DY NPNIN I8MNY ONION PN MYSNNI 7NN PON DRY
D»VNPNNN ONIANT NN NINT NMYY .02V DY NPVIPHPN NYIND DX N NPNY

IPON MINAD IDIPNT NN NNV ONIIN PNIN MYNNNI DIVAIN NN DN NDRY
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POWY NN MUNNN NN YHNY N1 ION DPNION DONMN NYY PPN ONYD
TINNOVNN NNWI NIONN PT-HY VAN MYNNN DY DININN DN ,NPPVNNNI
YTNN NNV PN NNYTINT WANI ONXIV YNV DY) DXV DOVNPNN DNINN
N0 DY DY DN DN YN O NV DTN DPNIONN DNNNNNIY DIVND YION

MVNNN DY IMMDIVNIN XY INDINVDIIN VN 17 NPVIPNPY INON

NPN NN - TOWNN MVIIN NI NNINNY (NYTIND NYIIN 5513) NIDN NI TN
-TPNVYANN TINN SIIN IOPIPY DWW YNNI 1D NYTIN T O) DTV
DVYPIVO HY NNIN NNN .D»P 925V 1120101 YN NN NINY NN 1O-D0Y IRINM
12-99) 9NN DY AN PR XD DYTIND L,ONOPHA-1PNN IPNNI NVOWYN) YOI
YN NN D) 1IN NN LY MY RIN PN NIMIND MYNNNIY NMTVIND
NP2 AYDPHRN TNNONN NPNY WM DY MODININVEPND INNONY NIXD) NYTIND

ATIRINTA-TNIVIARN MNN DY NAYPNN ,NT OINNA DD

- N9V MNPMPY MYMNNN DY 291 IWIYN NN 207D DN0N SONNN 1XAN ONND
D) NLINNY 12T) NN NVIVI NPND NI LYNNN NIANN YW NDYDIN NPPINN
NOVIVE NPPIN D17 DMVNNN DN PV ,(NPOPIVY NPNNON DINNKDY NPNYA

(0NN PRWNI ,5WND) 1N M) N2 NINT DY SONININD IPP NN NIVINRND

NNYNA NIMAINND IUR ,MYNNN DY NPHRPTN NN AN S0NNN 1IN 51D T
NI YA DO NNRD TN MNN 22D NPIOIM MTHY SNV MNP - 11PHN
DN OMOYNN DNV PINND DOWNYY PYNN RN INNN PIY ,0ONT Pn»T
NI PIINY NONM VN DTRYN CPNYD DX 2YNN DTHNNL NNTPNNY RPN
MIPN PNPNNM DTN NNIND DMYNND DD TY INND DIND YOV NT 12102 YLV
DM NN TARD NNIRNN NIN MTHRYN NNX DI .N19NN DY VAN NTIPI NOX NPWNHN
YOLD AT : (DINPY DNV NIINT I GX DIINDN DININ NNNY) DOVNINI DN DY
(TPPOPIND IVNINDN IN NPPONTIND NNHNTI) PVVD OVNPNN MIAND DINNN
20 DY SYNNY DIMINMIN NNINTI) 2T SUNNN MIAND DIXRNND MIPT AT IDON)

(70»NN PRWN»a Sund ,ommm
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DMANN NOOPX TINN - 1N MAD XPNT NTH PONPNHD MIAD NN MYHPHNN DX e
N9Y IMN DNN NXY 12 DIDPPNN PRY SONNNN MM N ,DIMPY DPONRNNN

OINN Y2019 XY NN PN NNPD DIWN INNR

TANDN YN ,NYINN MINNY TPDIRLNN NNNNA THIND NYL NT P92 INN )02

NN N 79IN DY NN INKR YIDNT .OPDNVPITVDY DPOPIVI - MNIN SNY DY
DITIN 9-DY OO .TIOPIVAN MYNNY O9MNMMIDND dVNNNT AN INK VIDNND
NNN) 9915 ,NY Y9NMVND MV NDXIAPN NN Y OWNNN OV 1T DI DVINMIDNND
VAN ,NIONN ,NNY NTIYN VI ,NIINN NJIVA JPIND MYINN MTI (ODHPIIAN NNIN
NOT DN TPNMOIND THD DY NYTY NI NPNX 1NN NION TIT-N .PYMND NNII0 NN
DMIMPNN NRY 1I-DY MVANY 1D 297IMIDND YVNNNN MANA IN MWPIVAN BYIYI NMPNN
)29 YW 1NPPY INRD TX TP MWNNI ININ DNN NNRY G ,NT O0NNN N1)2NI NWYNY
NNYP DSYV Ty ,(DHONVPITVON NNIN NNDN) XOPIVY O2Y DY INPPI MIMN 1PN PVNPNN
MIND PINMY I (P3N DY NNnDMLVN) OYOPITIO NI 7YNNY IOV MYNN HY

PONNNN MYUNND NN NDOPN DTN MYNNDNY
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4 P99

NN -5NVYAIND NINN BV Y9390 D AN by

WYY DYIONNN DI .NIYYN NN L3 P9 MIXINY 9D, TIRINNI-NINVIIND 1IN

N, TPDVINIVIN-INDA T NIYYN DY DNPNH MINOY MXIND : INX NN ONIVN 3 P92
95 ODIN,27 MO W NPPDARLNN DY TION NORY DY MIYD NN DNYA .10 NOPVIIMNMP
,TPOVIIMP NNPNA P XD NN NHXNDN MY NNAY YT NIOVNY NIARVLN NN N NN
Y2070 MO Y THIRINIO-TNVIAND NN L1092 .MIADN MYMN PIADNY NN D) NIN
MAPN MORY YNV DY D) NNY NI .APIDAIRVNN DY TIDN NOXY DY NNYD NNDIDD YN

:MPODN MWD 1D NN KD OV TYY OOPIV9N IPNND MIVINND MINN

1991 1% DT DY WIAND MYHY) WNOYILIY IND 1VNNN MINY Yavn P M .1
PN YVNNN NPNY T DINN 720N 9 )POPIVN IPNNI NTIAY NNIND NYIND

8NN RY 91201 avN)

S5 PANYSN MIWANNNY YT PTY N 19INT DOINON YION ONIAPY MY THD .2

1(NNT DY 1PNIYN OWAPA 1NN DMIYIN DYDTIN 1OV) 26m539an mon

: D901 DYMIND NV NTNHN NNINN YD IO

NI 1257 HY NPINOND 7NN TINDIONN NYISN NN .1

NPV MV PTY NMINA Y 19D YIVN NMINND NDAP DY TONNPDI NOPN NN .2

TN

emergence 1212 >
NPNIAN DY WIT N2 DOWD AN NIV NN DYIN,DMN HY DNYIN Y10 NN NORWN HYI-T717a 296
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NN NMYYN DY NNIND — "NPPVNRNNND NOWA NIND YAV 190" 4.1

D992 NI DIPMNHIN NN UK ,0PMNIN DN YN PRY 1919 D)

:#PY0NNNN NSWA 2N 191D YI0N N0V WO ,0PONNN

DAN ,NYVWY 12 OONDN NRY ,ODIYN D PIRN 1902 AND) Yavn YN
NYIPOY ,INOYW DX INY 1093 DD OTIPY ININD NIN MIAND 1N NN 190N
,IPVNNN NN AND) NI DAY N9V SN NN JNHY NPMND NN

NY JTYDIY MINN NPIVMIND MM ,DO0HVN ,DOWNIWN N0 NPNIN

28 HaN TIAma MIYNY WY Y TYYAV ; DNX N9 9N 12 AND B9IWY YO0

SV NNITIVD INND NODIANM ,NVTNN NPXPAN YT-DY NNMIN NI DY 1N MYV
SUNNN MDY NIPYA DNIN) NPIVAN PINY NN YT-DY NNNN TYR IOPIVAN IPNNN
,MIAPY NY 22PN INNINNY NPIIAN 29IY 9D DY D) 1D TINVLIN NPIIN DY NNOSNN
SV M2DYNN NN IYNNMD JINX ,NPITAN PIN MXAY NNY NPLPNN NMVIY DY IDDIANN TYN)

DD HY NINSIN 1232 NNID NN LYIVN NMYOIN NN NPIVNNNN
Y00 N NN NOY OPININ DONIPYD NN TPNPIINY 1NN NPPYON

: DNIN MY NNOYI 1T NN NNOAN

PN NI KD DMIPNRN 12 AWUR ,MYNN NPNY DNNV DOVHRNN DNPIVI VIDY .1
DY) YY DHNYP NN ONDPN NI OUNY 70 onwhd NINN TITa Mo
299

NN N PRPT,7700IY DY MIXIPI TUR)Y) DDPY MNNWNN THD DY DOOUINIMIVPIN

WNYN PWON DY PIVPIR N2NN N YHRNYNIY IRNYNN TUND NIV DY PP
DIPNMAN NNY DINY DN YY DNPP MIVAN NN PPon Tows e ,>*arn

DY DD YY BN IMINNY DA,V IPOWmN YY nTwn Mxnwn TN

302

VPON) ~ T DOVINNPI NN NAN-INDA POVIVNDY WYNON LPON DINNV D1VNNN

TPI0Y PN TN (2I7IX-D7712 DPON : DY DY DY NIV

Galileo, Discoveries, pp. 237-238 **

65 1y ,MPIPIIAP MM ¥BY 1993 : onn 2%

Brown, Mathematics’ Role in Science, p. 260 299

Steiner, The Applicability of Mathematics as a Philosophical Problem, pp. 156-168 **
133-142 /ny MDA IMN DX 39770 >

Steiner, The Applicability of Mathematics as a Philosophical Problem, p. 134 3*
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LOWUND D) TISPNY) VNN NN PN DMV YN DOV DPIN YWY MDY .2
Mynvn ono v X ,0NYID 7OMOPIM” DXOPMIND DXONMNN DN PN IMDD
NPYY DOVINNPN NN .1 MIRHN DX)N 0N, NINNN DY NN Iwpna
DINNIN NN DY ,0)TIDN OPPONN DY NP9 D) NP 27D TR ,IIND MINHONTA
19981 0opnn v KOX DNY PRY DPILVDIDN DWIANY DY PN
nPEYan 9995 Pooonn Yw VAP 1MVIdNLA YV PN ,NPIRYTININI
DXRPIVY VYN NIV PVNPNND OIPIVAN PA DTN TON YILYLI NIMNNND NIV
AWM 92YAV NPINN Y DIITI 7NPVHNHD NNV’ MINNI YIDdY DPD DOV

.(OWUNY ,OMIVPIN D) PN JPINI NPIPIVAY

MYSNNI POV NYOIN YIAND NN NIV NYOANN I9-DYY NON [, NINT P ND
TIOD> VTV NYNNN DY 120N DOV Tiva ,NOY NDVNIVLIIND MIAND NAVNI NPIVNNNN
IHPIVON IPNN TPVIPNYT 11D XN I NTNY . CPapn XYY DHY XY 12019 2WN) SONNN

%95 5y 2119 1OV LIRPLD .DXNYY YOYWLN NPPOLRNNY NPIVAN P 1NV TY

Mathematics is so thoroughly entrenched in the practice of science,
to the point that many hold that there is no sharp border between

them.

nnay 37

YONNN NNON TAVN 12T ONY PR YN DOVDN W THITITIND NP9 )0 DY I

DYNY DYNNNI ONX DXVDN PIADNY 1PN DI ,0PNY NI I ,OWNnd [, D0IRNPN
OWIDD NTI DMVNNN

PRY NT2IVN NINDI DXV, PINNI 121D 12D TON YAVLN NNOND NPPVNNNI YW

NN YAVN DY INPN NTAWA DONYY D27 DN ,NYYND . TD NT WITH NIRYD NNODIN NIVN

9T NIYYYN NYVNPNN NIIND

11 PR, 7TIN NPYDAA DYPAY POV PN WP 0

Steiner, The Applicability of Mathematics as a Philosophical Problem, pp. 36-38 304
Barrow, Between Inner Space and Outer Space, p. 86 **

Shapiro, Philosophy of Mathematics, p. 45 *%°

Steiner, The Applicability of Mathematics as a Philosophical Problem, pp. 116-135 "7
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nmYynNn 4.1.1

NI WAYN 920N DY TY NN XD HOUNNHN NPPIND NM8N YIVLNIY NTIYN DNYD
DNV ,MINOSNND NNONY NPOPVNNNA VIYN DY NNDSNY DM 1D D7 Y110 OUVIN)
,DMIN 2992 XD NINYN PITY NN 1T DYDIN (PONN 121D 2T IND 7O DONMPNN

308

W) CEOMNN DN N 9P 10309 )7A1N  XIN N0 DINPIVNNNDT DIRPIDI

: (MHYNND N2 NN HHD 1T DT NN TY WINNNY DT NINAN DXOIVIND

WTNI MHPVIDY 1D NPPOVRNNNY NTIYAY PO NP5 Y313 019 1NN DM POV

309

0DV NWXTNN) 7 HODINNT 920N N PRYI,PINDNA NYIN YILN

The enormous usefulness of mathematics in the natural sciences is
something bordering on the mysterious and there is no rational

explanation for it.

NPRY NIRDA) MINND NN NPIVAN PIN NN NPPVNRNNN MYNNNI NDID NDINNY I WO D

M9 DN 1IN D) NN DN

The miracle of the appropriateness of the language of mathematics
for the formulation of the laws of physics is a wonderful gift, which

we neither understand nor deserve.

NPONI NPVIIN NPXPN DA DI90N DY 121 RON PPIND DY DM NN T

- 5w nwaTN) *Hovvaxnpn

It is difficult to avoid the impression that a miracle confronts us

here, quite comparable in its striking nature to the miracle that the

308
4

309
7

Steiner, The Applicability of Mathematics as a Philosophical Problem, pp. 13-1

Wigner, The Unreasonable effectiveness of Mathematics in the Natural Sciences, pp. 222-23
Ibid >

Ibid *""
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human mind can string a thousand arguments together without
getting itself into contradictions, or to the two miracles of the
existence of laws of nature and of the human mind’s capacity to

divine them.

NNV NX PIOWINN VIR YN 1921 MIVA PHIAA YTNID DI MNTPNRD DN

TNOND NPIRNND NI ,1NDMN2 MMM PON TYNR SNIAYNND PN PNV [, NPPVNNNIY NTIVIN

S2rNoNnn

At this point an enigma presents itself which in all ages has agitated
inquiring minds. How can it be that mathematics, being after all a
product of human thought which is independent of experience, is so

admirably appropriate to the objects of reality?

PHRNNNY N NOW  ONOPHN MXNYND DY DN ,PTIN OD) N DY NXID MO
1NN DDAPN NNYY ,NNND MNA) JNY )NOWN TPXINHVINY INNNY DYP 1D WY NWIININ

2P19mM9 00291 PINRY 1PN NP

One cannot escape the feeling that these mathematical formulae
have an independent existence and intelligence of their own, that
they are wiser than we are, wiser even than their discoverers, that we

get more out of them than we originally put into them.

N2 DXNYY DXYHIN DIRPIVAY TI DY NNV ¥IN ,921 DI 1NN IRPIV )12 JDVO

2Hn  RPIPEN 0N PYRY DIPNI PN 110 DINPIORNNIY MNP

Pickover, A Passion for Mathematics, p. 40 312
Dyson, Mathematics in the Physical Sciences, pp. 99 *'*
Weinberg, Lecture on the Applicability of Mathematics, p. 725 *'
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It is positively spooky how the physicist finds the mathematician has

been there before him or her.

MYSNNI MY OONTH MY PO ,521) DI 1NN ORPIDY NI GN L) TV
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I find it quite amazing that it is possible to predict what will happen
by mathematics, which is simply following rules which really have

nothing to do with the original [physical] thing.

NINY ,DOOPIAN MYNND NOYMINN NPPVNNNND P2 IWPN DY AMD VHNT HP»N

100 PN NN N2W MWNNY TN, IINT-9R NI INYRINY DTN MINY 1290 >N52

... this view generally labelled ‘Platonist’, separates mathematics too
widely from its applications: it leaves it unintelligible how the
denizens of this atemporal supra-sensible realm could have any
connection with or bearing upon conditions in the temporal, sensible

realm that we inhabit.

DXLV DIVPMAIND MYIN MTWY THD VANT NMN |, HY PN Yy 171902

21550090 DI MM NN N9

Platonism is the doctrine that mathematical theories relate to systems
of abstract objects, existing independently of us. ... This doctrine
raises immediate philosophical problems ... how can facts about
[immaterial objects] have any relevance to the physical universe we

inhabit?...

Feynman, The Character of Physical law, pp. 171 '°

Dummett, What is Mathematics about? *'°
Dummett, Frege: Philosophy of Mathematics *'

116



NN N XN ;7200 PR OIT DTIIWIW 100D N1NIT 0 NINI V) DPIVDRD D)

318

: (PYY NVITN) 7T D127 HY DINVYRIN MINND NPYVNRNNN

There is no explanation as to why the world of forms is stocked up
with mathematical things rather than any other sort. All we learn is

that mathematics is the most primary essence of things.

-NYAN NYMNN NN OIINNK DINN DY DNMIRNYN DX LOXN YR )PV VINPVLD

- 09w nwaT) NN ar ama mam

... one may wonder how it is possible for a particular mathematical
fact to serve as an explanation of a particular nonmathematical
event.. we wonder about the relevance of the given

mathematical/scientific theory as a whole. Why does it work?

PRY 1Y PWIV VI DOVINNPN NNNAY DD YTNI NPOY> NPPVNRNNN 1Y IPIND OV

- 9w TN Poon 120N Ny

I have little to say about the use of complex analysis in quantum
mechanics. As far as | can determine, there is no satisfactory
account for this... T also have little to say about the uncanny ability
of mathematicians to come up with structures, concepts, and

disciplines that find unexpected application in science.

DN P2 DHRNNNY PLONIN TVINND DY AND NIV NN IRPIVNNNN
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Barrow, Pi in the Sky, p. 271 '8

Shapiro, Philosophy of Mathematics, p. 244 "
Ibid, p. 247 *%°

Pickover, A Passion for Mathematics, p. 268 **'
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When you discover mathematical structures that you believe
correspond to the world around you, you feel you are seeing

something mystical, something profound.

ANNY L(MODYNOVPIVON NTRYY NV IWPNL NONONN GRY) NIDIN YTRD NN
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Are there two realities, one mathematical, one physical, and, if so,
why should the theory of the one be relevant to the theory of the
other?... structuralism has moved away from the more familiar
platonistic picture of a realm of mathematical objects completely
divorced from the physical world... I want to suggest that the two
might be seen as so interdependent that no separation, let alone

elimination, is possible.

323
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Maddy, “Mathematical Realism”, p. 281 **
13y N9 Yye Dy Now [y 2
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Lewis, On The Plurality of Worlds **°
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Deutsch, The Fabric of Reality, pp. 50-53, 328-339 **
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Leslie, "The Anthropic Principle Today", pp. 290-292 **°

Carter, " Large Number Coincidences and the Anthropic Principle in Cosmology", pp. 131-139 3%
Gale, "Cosmological Fecundity: Theories of Multiple Universes", p. 200 **!
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Leslie, "The Anthropic Principle Today", pp. 292-295 **
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Invoking an infinite number of other universes just to explain the
apparent contrivances of the one we see is pretty drastic, and in stark

conflict with Occam's razor.
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Davies, Are We Alone?, p. 121 333
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Tegmark, “Parallel Universes”, Scientific American (May 2003) ***

Hut, Piet, Mark Alford and Max Tegmark. "On Math, Matter and Mind". pp. 765-794 *%

Shoshani, "Introduction to Formal Ontology". p 202 **

Shoshani, "Apriorics and the Proliferation of Elementary Particles in Parallel Subuniverses". pp 512-520 337
130-131 70y .NO8HN 9y Mavnn e 3¢

Shoshani, "The Philosophical Origin of Quarks". pp. 566-576 **°
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Sartori, Understanding Relativity, pp. 98-103 **
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Anyone who is not shocked by quantum theory has not understood it.

: 348|7'11"1’J NVIOIMIND NPTV NDINID TN HNNT DY TN NNIYIT M2

Einstein said that if quantum mechanics were correct then the world
would be crazy. Einstein was right — the world is crazy.

. 09w nwyt) 3

AN 132 SY NVIDIDNNNN P20 ONPIV I POIN)
Quantum mechanics is the weirdest invention of mankind, but also
one of the most beautiful. And the beauty of the mathematics
underlying the quantum theory implies that we have found

something very significant.
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Aczel, Entanglement, p. 203 ***
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Einstein’s ‘elements of reality’ do not exist. No explanation of the
beautiful dance among the particles can be given in terms of an
objectively real world. The particles simply do not do what they do
because of how they are; they do what they do because of quantum

magic.
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Abstract

This thesis is offering a solution to two fundamental questions, which to the

present day have not been answered satisfactorily:

1.

Why is there anything at all? This awe-inspiring question first posed by

Leibniz was dubbed by William James as "the darkest question in all
philosophy". The search for a primary cause for the existence of the universe

is a vicious circle, which has rendered thinkers helpless and frustrated.

Why is nature subject to mathematical laws? This yet unexplained

phenomenon, first pointed at by Galileo and now a paradigm of scientific
research, is "something bordering on the mysterious", as Nobel laureate

Eugene Wigner described it.

The solution hereby offered to those two conundrums is based on the counter-intuitive

conjecture that reality is nothing but a pure mathematical structure:

2.

As a mathematical structure the universe does not require a transcendental
cause. Under a modern realistic view in philosophy of mathematics

mathematical structures exist simpliciter (Platonically).

Nature exhibits mathematical behavior because the universe itself is a

mathematical entity.



I devote chapter 1 to surveying the main attempts made by both philosophers
and physicists to approach the fundamental question of metaphysics: "Why is there
anything at all?" Some (such as Ayre, Wittgenstein, Edwards, Koestenbaum,
Grinbaum, and Weinberg) have regarded the question meaningless, while others
(such as Russell, Smith, Parfit, Smart, Fleming, Lovell, Davies, and Ponnamperuma)
have claimed that it is unanswerable. I defuse their arguments and also reject some of
the solutions offered to the problem: different types of necessitarianism (theological,
metaphysical, nomological, analytical, and logical), naturalistic theses, egalitarianism,
and also a variety of teleological stances.

In chapter 2 I introduce the concept of a mathematical structure and the
structuralist stance, which is realism concerning mathematical structures:
mathematical structures exist (platonically) independently of both human activity and
the existence of a physical universe. Here I also explore the concept of isomorphism,
to be used in the following chapter in the argument from isomorphism.

In chapter 3, which is the core of the essay, I present the Platonic-Pythagorean
thesis, conjecturing that our universe is itself a mathematical structure. This should
immediately solve "the riddle of existence", for a mathematical structure does not
require a transcendental cause to exist. However, the suggested metaphysical picture
is extremely counter-intuitive because reality is perceived as a concrete physical
entity, while mathematical structures are Platonic creatures, having no physical

essence. | therefore defend the thesis by answering the following questions:

1. Can the Platonic-Pythagorean thesis bridge the ontological gap between

physical reality and mathematics?

2. Can conscious beings such as ourselves emerge in a mathematical structure at

all?

II



Can a mathematical structure exhibit such a complexity as we observe in

nature?

Can time be represented in a mathematical structure, which we conceive as a

static entity?

If our reality is truly a mathematical structure, why this one out of the

countless structures there are?

To support the thesis I also advance the argument from isomorphism, claiming that a

mathematical reality makes sense in the light of the following two assumptions:

1.

Ontological physicalism — all nature’s phenomena constitute one coherent
physical system consisting of physical elements (such as space, time and the

constituents of matter and energy) and of some elementary physical laws.

Mathematical structuralism — consistent mathematical structures exist
(Platonically) whether they have been conceived by some intelligence or not.
We only discover them and make up the formalism to describe and explore

them.

In light of modern physics there seems to be an isomorphism between the physical

system which constitutes reality and some abstract mathematical structure, where the

only difference between the two is that the latter is devoid of any physical content: its

space, time etc. are pure mathematical elements (This mathematical structure is the

goal of the ongoing search for a theory of everything). We assume that our universe is

real due to its being physical (as opposed, say, to its isomorphic mathematical

structure or to some simulated virtual reality). However, all facts obtaining in the

physical world must also obtain in its isomorphic mathematical structure (this is

directly entailed from the definition of isomorphism). Based on our first assumption

III



this should also include all facts relating to conscious experience, including the fact
that we perceive the world as concrete. It is therefore conceivable that the actuality we
are experiencing is, in fact, that abstract mathematical structure, rendering the

isomorphic "physical" reality redundant.

In Chapter 4 I claim that beside solving "the riddle of existence" this metaphysical
thesis also explains the unreasonable effectiveness of mathematics in describing
nature: the universe exhibits mathematical behavior because it is itself a mathematical
entity. The Platonic-Pythagorean thesis also provides an explanatory basis for the
fine-tuning of the universe, as out of possibly an infinite number of mathematical
structures, consciousness can only emerge in those with some very specific attributes.
In fact, the thesis provides a cost effective ontology for all physical theories based on
a plurality of worlds (such as Everett’s relative state interpretation of quantum theory

and Lewis's Modal Realism).

Key Words:
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