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—_. Restriction of Break Point
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 positive rays: my (N) = N+ 1
ox  my(2) =3 < 22: break point at 2
« positive intervals: my(N) = ZN? + N + 1
oxo  my(3) =7 < 2°: break point at 3
« convex sets: my(N) = 2N
o z Z my(N) = 2N always: no break point

« 2D perceptrons:
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< my(4) =14 < 2% break point at 4
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what ‘must be true’ when minimum break point kK =2

« N =1: every my(N) = 2 by definition

« N =2: every my(N) < 4 by definition
(so maximum possible = 3)

« N=3:
—Dbreak point k for N > k
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B(N, k) < poly(N)
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maximum possible my,(N) when break point = k

« combinatorial quantity:
maximum number of length-N vectors with (o, =)
while subvectors

« irrelevant of the details of H
e.g. B(N, 3) bounds both

« positive intervals (k = 3)
« 1D perceptrons (k = 3)
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« B(4,3) ‘no shatter’ any 3 inputs 3] x o x| o

= o + [ 'no shatter’ any 3 | o x x| o
+ 3 < B(3,3) ]

5—FH , BFatx42337E , BaRF IR =rshatterfy , NgeHESHa
BB IR Rshatterfy, XZEEN , NRoBABEHEEMmshatter , Mx4X 2
FSIEERY | BBAXT. x2. x3, x4ZBpRYalSABER = mshatter, XEER T 514
HIgE. X MMGAESIEEDY | BRET AMTASXESHE. HMERINGISE
a < B(3,2)

| X Xo X3 X Xo X3 | X4
O o O 0 0 O 0
.y (8] (8] o D a b
(5 = o ot o QO o
Q o 0 . [} ] X
. . 0 At Q o
« o dichotomies on (X1, Xz, X3) o x ol x
with X4 6 o x| o
» B(4,3) 'no shatter any 3 inputs o o x| %
— « 'no shatter’ any 2 . | -
¥) X o x 0
o X X | )
< B(3,2) ]

HItEHB(4,3)5BBX)HXERS :



B(4,3) = 20+7
+8 < B(3,3)
< B(3,2)
= B(4,3) < B(3,3)+ B(3,2)
&, HESEH—RATUS
+4 < B(N-1,k)
< B(N-1,k—1)
= B(N,k) < B(N—1,k)+B(N—-1,k—1)
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B(N, k) | 1 2 3 4 5 6
N > 2 2 2 2
2 | 3 4 4 4 4
3 | 4 7 8 8 8
N4 |1 11 15 16 16
5 |1 31 32
6 |1 63
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» positive rays: my(N) =N +1
ox  my(2) =3 < 22: break point at 2

» positive intervals: my(N) = ZN? + N + 1
oxo  my(3)=7 < 2°: break point at 3

» 2D perceptrons:
O

< x  my(4) =14 < 2% break point at 4
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Y. A Pictorial Proof
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want:

]PJ[EIh € H st. |Ejn(h)—Eou(h)| > e] <2 -exp (—2 fEN)
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actually, when N large enough,
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Step 1: Replace Eout by E;;

%ur[an & H 5. |En(h) — Eou(h)| > €]

< IP[Hh € H s.t. |Eq(h) — B, (h)| > %]

« En(h) finitely many, Eyyi(h) infinitely many
—replace the evil Eg first

+ how? sample verification set D’ of size N
to calculate £/

« BAD hof Ep — Egu
PR BAD h of E,, — E!,

El

Probability distribution
of £y,

evil Eyyt removed by
verification with ‘ghost data’ J

Step 2: Decompose H by Kind
BAD < 2P[3heH st |En(h) - Ep(h)] > é]

< 2my(2N)P [fixed hst. |Ea(h) — E,(h)] > %}

« E, with D, E/, with D'
—now my; comes to play &
« how? infinite 4 becomes space of
|H(Xq, .. Xy, X X))
kinds Pl o
 union bound on My (2N) KiNAS | () i mequiy (5 Gaien B (e} e

use my(2N) to calculate BAD-overlap properly |




Step 3: Use Hoeffding without Replacement

BAD < 2my(2N)P|fixed hst. |En(h) — En(h)| > 5]

< 2my(2N)-2exp (-2 G)E N)

» consider bin of 2N examples,

choose N for E;,, leave others for E_
-, E Ein+E'f -~ E
|Ein — Eipl > 5 & |EBn — 5| >

» 507 just ‘smaller bin’, ‘smaller ¢, and
Hoeffding without replacement sssesnssee

a

le for E,

small bin

use Hoeffding after zooming to fixed h ]
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Chervonenkis(VC) bound :

[P[Bh € H st. |En(h) — Eou(h)| > f_}

< 4my(2N)exp (—%EEN)
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