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Children want explanations, and there 1s a child in each of us;
descriptivism makes a virtue of not pampering that child.

(Joos 1957)
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E@Eﬂﬁknn/\@%f o HEHCANCIRE LT, LTI 5
R SAle S e (s s =a s sl e g
R e TZ?)E) < Boasian tradition

Trubetzkoy phonology tried to explain everything from
articulatory acoustics and a minimum set of phonological
laws..., flatly contradicting the American (Boas) tradition
that

, and offering too much of a
phonological explanation where a sober taxonomy would
serve as well. (Joos 1957; emphasis by NF)
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[EL 248 iR 70 AT

(Immediate Constituent Analysis)

My most recent plays closed down
{1} {Z>} {most} {recent} {play} {Zi1} {close} {D} {down}

({Z1}= plural, {Z>} = genitive, {D} = past)

I | Z> | most | recent | play | Zi | close | D | down
3 2 4 3 4 | i)

ICD%(2D, binary), fUA D JFHI, F R,

XA DALEST T (M3 I E construction Tld & 5 23,

constituent Cld 72 V> — unlabeled?), 35
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Zellig HarrisD 5 s

AN LR LT, ek (:I*—/\X) ﬁ)%iiﬁ%?@éﬁéﬁﬁ@iﬁ%
PR, BRAIMPOIL, [8EE] O£ THRPHZ LT 5,

: grammatical equivalences that preserve the morphemes and
the grammatical relations among them, though in a changed grammatical

form. Cf. papers in Harris (1981) # a geometric conception of grammar
N; vV N, < N, vbeVen by N; (passive transformation)
it seems that Ny be A <> Ny seems to be A (raising transformation)

component divisor transformations, elementary transformations, string

analysis (center-adjunct)S§: 4 DIAED BGH IC b BEME 2 FFORA 2 7
O | s
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Chomsky 3428 (William Chomsky) DfL:37% 38 L T4 DUED> & 2
BB DILHIZEH L AT Wi

The structural linguistics that [ was studying...developed in part in parallel
with radical behaviorism in psychology and was very similar to it...One of its
characteristics 1s a sort of infantile obsession to worry about explanations...
The work 1n structural linguistics, as I knew 1t, was concerned with collection
and careful organization of data.

From the very beginning of my work I have tried to the characteristics
of a given stage of language by trying to understand what a person knows
about his language, not by means of historical explanation, which would be
irrelevant, but rather by trying to attribute to him

— Jjust as an historical linguist would
seek to things by looking at the historical stages of its development.

(The Creative Experience, 1969; emphasis by NF)
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mlk  “king”
malki  “my king”
malke “queen”
mlaxim “kings”
Hebrew phonological rules
(1) Spirantization: k - x/V
(2) Vowel Reduction: V— &/ .. .[+stress]...
malaxim — mlaxim malaxey — malxey-X

{ ! (X contains main stress)

%) %)
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Question: malxey “king of” Why not malkey, even
though there is no vowel that triggers Spirantization??

Answer: Spirantization > Vowel Reduction

Underlying Form: /malakey/

! Spirantization
malaxey

1 Vowel Reduction
malxey

[malxey]
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Chomsky #]Hi3HB

FERCE R DR, HUREPE DR HYIE K
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\NTH X~

Peano D 2~ %

The axioms are based on three primitive symbols: the predicate °
,” the unary operation symbol for the

(intuitively X =X +1), and the individual constant ‘0’ for the number zero.
Peano’s axioms are then:

P1. 0 is a natural number.

P2. If x is a natural number then x is a natural number.

P3. There is no natural number x such that x = 0.

P4. If x and y are natural numbers and e y+ then x =Y.

P5. If ¢ (0) and for every natural number x if ¢ (x) then
0 (X+), then for every natural number x, ¢ (x).

Axiom P2 says that the successor of any natural number is a natural
number. Axiom P3 just says that 0 1s the successor of no natural number,
that is, it expresses the intuitively obvious fact that there is no natural
number x such that x + 1 = 0. Axiom P4 asserts that the successor function
1s 1-to-1. Axiom P35 1s really an axiom schema which expresses the
principles of mathematical induction for the natural numbers.
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It 1s a proper question and not an 1dle philosophical
speculation to ask why mathematicians agree almost
uniformly on Peano’s axioms. Deep and difficult
theorems about the natural numbers were proved before
any adequate axioms were formulated. Putative axioms
which did not yield these theorems would be rejected
because, 1t seems, independent of any axioms there 1s a
quite precise notion of what is true or false of the natural
numbers.

Adapted from Suppes, Patrick. 1960. Axiomatic Set
Theory, D. Van Nostrand, New Jersey, pp. 121-122.
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First we need to define natural numbers as suitable sets. Now numbers
do not at first glance appear to be sets. In 1908, Zermelo proposed to use

2 42y (WL

as the natural numbers. Later von Neumann proposed an alternative,
which has become standard.

0=,

=19} =19,

2=10, 1} = {2, {0}},

3=1{0,1,2} = {@, {D}, {D, {T}}}, ...

This involves some extraneous
properties that we did not originally expect. For example,

el e

and
(G G DGRy
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But these properties can be regarded as accidental side effects of the definition,
and they do not harm.

Although we have defined the first four natural numbers,we do not yet have
definition of what it means in general for something to be a natural number. That
1S, we have not defined the set of ALL natural numbers. First we define some
preliminary concepts.

_.I_
Definition: For any set a, its successor a 1s defined by

a =aU la).

A set A 1s said to be inductive iff @ € A and it i1s “closed under successor,” 1.€.,

YaE A a+EA

In terms of the successor operation, the first few natural numbers can be
characterized as

-+

B

+ ++
= = DG
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Infinity Axiom There exists an inductive set:

IA[CEA&YaEA a EA]

We can now define the concept of natural number.

Definition:

(Adapted from Enderton 1977; emphasis by NF)
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Definition (due to Kazimierz Kuratowski in 1921)
<X, y> 1s defined to be {{x}, {X, y}}.

Given the objects x and v,

We must prove that this definition succeeds in capturing the
desired property: The ordered pair <x, y> uniquely
determines both what x and y are, and the order upon them.

Theorem: <u,v>=<x,y>» < u=xandv=y

(proof omitted; see Enderton 1977)
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PeanolZ & % HAAEMEZ DWHE(L. Cantorll & 5 BANEATMDIRE. I
5 IZFregeD & DA L. RussellZs E3EH L 7k 4 7287 Fy 7 A
DFFIFE) . Wb 3 TEEmOBEE, R EZE LT, BFEDIRE
D, BeAb S nlamBisg (BEEmEsE) FERE L TL 5%,

ZHOVoINDIEE T, TEHE LI v RARRIEIIN L
TA. Turing!3 Turing (1936)!Z ¥\ >C Turing machineDE&Z e L. &
FMERDN 2 S 2 51153 %2 ¢ %, Turing machine(Z AJRE 7% F /D35
BC¢H Y. Turing machinelT HR 2\ Z EIFEETIER, S 51T, H
Plofk4 2Bz GIETREEE. 713U XA, BREEE. &) ie

jEea AT

CTuring machine DBLZITEEILTE % & S 172 — Church-Turing Thesis,

O e 2 5 FCEELKE
#2877,
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29 WO RO T, Chomsky23 M L 7= DI, FEBHE (proof theory) D 7:
DIZER I NTzPostsystem & ZHONE L AT LTH S, ZNICLk->T TAH
%0 Db DHIE L S e,

R E LT DM 2 3204 (V, S, F) TH 5,
VL5852 (vocabulary, alphabet) & FEIX L 2 R iREl 5 D EIRESGTH 5,
2.S1IVD LICEREI NG HEHDEATH D, NHELEPIN S,

3. FlZV* (*1ZKleene star) D OHFAD FICER I N LnBER n>2, BB,
FOFRDnflizAd % EBEFPNTRITINE R SR ) DEAETHD, FOH
Rk, 7u¥y s ayv, A, FEH2ER], & EOKRITHIEN S,
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Chomsky DK i] # FERICIEMK IRt 2 MMA 5 2 L2k D, RN L ERHE
ZRINTEL L L, E5lc,. 2OMBIC LT, RusHEDER (354
) EREEDER (BAER) ZRAITES L)L 7,

Ll o e 2 nhl sl il @G = (V. N S e
H B,

1. VNIEEE 5 OB BES CIHEKIRE S LRI 5,
2. Vot B DA RBES Cikait 5 & EiEid, VwN V= ¢ TH B,

3 S (VU Bl s s EG e b ) AN (hEea B L REEE R
E)o

4. FlX(VyU V)*OH OESH EICERZSINT-nt R (W>2)0EETHY, &
T Z BRI E XN S,
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Nesting, Crossing, Merge-generability

B OEDOMSE 5| nesting (nested dependency) 73
A [RARTE ji/fﬁ)é”f % £ L Ccrossing (cross-
serial dependency) 23 SCHIk B H A S SUVE D FE 2 41
AT REE L TR CT& 7,

Glerta A= EEE icrossmg%ﬂ“ﬁ‘ﬁkf LS 3

HY ., ZOZ & | AREFFEIISUIRE BAiEE
Fasha sl el e s i R e e

X7, 2 K7 7 MOk, Postal 1964,
Stabler 2004, Wurmbrand 200655 ¢, 2,
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L2rL, Z9Woci@Emilidn < O RAR 2 BEN H 5,

1. CrossingBlR1¥HL1HET-T, TIhbHT<IC (

: = ) SRR ARG RISV Y
LTLEIDEIFREVTSH D, AKMKFIRESEDY (534
AU OET) AMSEDOET VE LTABERTHDZ &
(LI TGRS LTS, (Chomsky 1963, Section 372 & %

Z )

Bz X, ZDOF A T OIEITERE (permutation; ab—ba) % A
e (efah Bb BbBa B bl il e e =
(copying language) Z/ERKTE % Lerossingb BLE TE H D72
23, Z DOREIL. [FIRFIZ, John will arrive — will John arrive ™D
B J1I2FB T, willlNP %, JohnlZmodal auxiliary @ 7
N e U )

P,
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2. NS REICT B 1T Dnesting & crossingtd R D75 AR . FFHEICIERE 7
EARYIEY SR

. BIR IS A2 Ea) 1 O =l E W) %
7 et X Z2H->TWw5,

duleonil e e
5DEEEE THICTHRTAR S &, Tuv 20MmEM (R 15
WRH-7 D, HEVLIITEEFTHENEE (Wb 3

) Rl b ot s s LRis L Lns s

Z ) ok 6. ABEEEIE “mildly context-sensitive” Td 5 &
WIHITWHH INTE (Joshi 1985) ., ET 31z, ARISFEIES
A4 i D ChomskyFE & 12 9 £ K fLEfT I 6N WD TH 5,
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Z WV RPLE, BEDIHEET LV TREIN
TV ORAEETH L0 (Merge) Z{RE T
BL DI Dl i €S B,

e B A e eI 2 E I e | = e LR
nesting<°crossing’2 & DIRFER b 2 THEIT L -
eSS s b A e by aal Baalie e
hiaiban s R A (B2 015)

1RGN
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R ORER TRV B30TV D Merge-generabiltiy & VW 9 &1, & HIZ,
IKTEBIFR DN ERE, Merge DA X » TG-S H 55 (directly Merge-
generable) & | Mergell & o> TAER I NG MO T v R (BRSO
FEFR D A 7 = X L) BDEHINTELND B D (non-directly Merge-
generable) & (2570 5,

b, IKFEARIZIILLTOREENH D Z LIZ 5,

HIRDFEEHHRZ TN TH S & nestingld 1 & A & Ddirectly Merge-
generable Cd 1) | crossingldnon-directly Merge-generable D b D 23 £ H,
55 Z LDV 5, Non-Merge-generable /s KFEEI R 13 A5 58 TIEEF S
LR\,
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Rl T - MEMNTZHLNZTHZ LN TE 5,
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-
N—

Lyt

SCARE BARE LA & o B A5 ( ffﬁﬁﬂ‘% E .ﬂ ORI ne
11) DOFERAIDBH X 5 EFE (LMK FE = A ) LXT
Ffbfb\ékb ZETHY, ChomskyD H.a %L S ARNHYIZ IR

D
73))/)771_\_&& }Z)

U EDsEfm R, FRAFEHERICL > THOBEEEND D Z &
23 C& %, Tanakaetal. (2017)% %2 =M
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