Title

Author(s)

Citation

Issue Date

URL

Paramagnetic unlearning and Complex spin models

NOKURA, Kazuo

物性研究 (1998), 70(3): 440-443

1998-06-20

http://hdl.handle.net/2433/96367

Right

Type

Textversion

Departmental Bulletin Paper

publisher

Kyoto University

iIi;Bm&~. ~ • • ~A t:: ~~T Jl,.

#lJi$iI~*~

Jf:t-:95

im~j8ti-1:"T'/V~;::to~t Q~~~~'j:, **~~ 1...-t:. to)C ~'j:J4f~QIUkmi0~*~;:1::1:Q::' c i0~~ G

.n -Cv 'Qo ::..n~I& ~ ~< mtf!4c 1...- -CBt~~ c v\::> ~;ti0~m:~~.n, * v 77 -1-/v ~'.:cT'/v~;:
%It" Q ~ ~ ~ V-~:3 /~~'j:1ilip~;:Jl!!~te..O)~j]i0~~~ ~.nQ::' c i0~JF~.n -C ~ t:. o 1::~~ffJ
~;:~'j:, Bt~~~'j: vAIliO~t:jJ~;:Jt:a::. ~, IMk~~'j:~~;:%tJ;tt" Q ct&:!t~.n -Cv 'Qo .:cT'/vO)~1to)
c v'::> m~~~'j:ipft ~ ffiMc 1~,:b.nQO 1...-i0~ 1...-, ::..n
1::°/:tk~O)&~~~;:tR~~;tQ c, m1L1'Fffl~1t~'j:A1::°/mMM~~~~.n, iWii.fii

MfffffJf~iiJf~~'j:,
~iWii.fiimo)A

.:tk~-t.-O) to)O)&~~

Jii/jfl~fflv

'-C t c O)m1L1!Pffl~~t"::. c i0~~~ QJ: ::> ~;:ftQo
:'O)JE~1t:~:'J:.nft, 'fJJWl~f*~* v7°7 -1-/v ~'.:c7'/v~:,C Q cBt~~O)m*, J: ~ fllij]i6~
iWiv' pseudo-inverse model i0~~Q::' C i0~JF ~.nQo ::. 0).:c7'/v~'j:n~ft ~ bl-iW~;:m:~~.n -Cv ,t:.
i0~, -1:"7'/vO)f!4fft~;:AIffJftfjf.lJiiii0~1YJ~ 1::qw~ffJft;f:,*~'j:~:b.n-Cv 't:. o 1...-n~ 1...-&~~0)~~~'i

::.O)J: ::> ft*,~@]~iJ~

Q::' c!:: ~~~ L:{v\Qo
&~~0)~;t~'j:*~-~l¥J~, c'O)J:::> ftA e/-1:"7'/v~;:t~fflC'~ Qo fJJWl~1*~ S K -1:"7'
/v~;:'C Q~~'j:, m1L1!Pffl~;:m~i0~1::-rQ c v\::>::. C O)~li0~~:', tXO)J:::> ft~qw~ffJft.~n~G
t!Jt,*iJ~IYJQo

§~9f.~;:fHE 1...-::>

Tft:b~,

1::

r ~;::tov '-Clli~iJ~G~:¥rd1~'j:1${f£@]~iJ~~J*~;:, :to-t.- G <7/·YA

~;:~~Q~WJ~3rJQi0~, ::'O)~WlO)vAIliD~O)~rJ.l~'j:pxA~;:<G~-C*~*v\

~1$~@]~0)7 /!I Aft~fft c!:: Bt~~ c!:: iJ~~~~;:jO::'

VE0-C ::'O)c

Q c!:: ~;t G.nQ o S K -1:"T'/V~WWJ~{*~;:

Lt:. c!:: ~ ~j:&~WH;:J:: Q-1:"7';vO)~1t1:-1fIf!ltft*"'(:'~-?0)~j:.Lv \i,)~, ~JiJJ~~J: ~ 7/7-* V

77 -1-/v ~-1:"T';V C* V77 -1-/v ~'-1:"T'/v~;::tov\-Cm1L1!PfflO)~%~~~;:1...-t:. to))
1...-t:..:cT'JVO)M:W~BtI!9C1...- -Cv \Q cWl~~.nQo
(/)~llp'':, 1fi'j~f.t.~~i)0llilftrmM(/)::l A

::'0)-1:"7'/vO):r:*/v~-M~~'i&~~

I, I;}~C!:: f!Q:'

iJ~~1t:

C O)r~lf*

c{) '"(:'~ Q"

&~~~;: J: 0-Cffl..nQ pseudo-inverse model ~7 /7-* v77 -1-/v ~-1:"T'/v~'j: S

K-1:"T';VC

~'j:*~J4ft0t:'A

1::"/;7"7 A.:c7'Jv~IYJQo ~~;:::..nGO).:c7'/v~~'j:m1LfFffl1T31fJO):li*~~1i«
i0~-;<-7 p ~;:m~ 1...- -Cv \Qo ::. O)J: : > ft~~ b0A 1::°/-1:"7'/vC 1...- -C~'j:, ~:¥rW~;:f§1L1!Pffl1T311j
0)~~1i«i0~± 1 ~ CQJ: : > ft A 1::0/ -1:"7'/vi0~!MJA. G.n, 1tJl¥J ftm~~O)1HEi0~JF ~.n t:. o ::. O)m~
~,~U'j:S K-1:"7'/vO)J:::>~;: v79 7J%If*ftMiJ~ffl..nQiUCL -C~j:;jt~ t:Jftv'o ~};r0)~10t.
~;: J:h~t7 /7-* V 77 -1- /V ~'-1:"T'/V~;: -")v \-C t /PJ~~U;:lJJffJftm~~i0~#1:Et" Qo ::..n~'j:m1L
1!Pffl1T~IJO)~*~:W1ito)~~~;: J: 0

/

~'1 T ~

?

-C :r:*/v:¥-~~t

A O)Iil;Q::~i,)\*~$. < :ff:1:E.~- Q:'

c~;t -C J: v'n~c::? n~f'j:~~&O)~~IYJ{)iJ~,

1t:iJ~:to:.

n~ft

I? ~jJ! 1...- -C:to I?, A

C O)&~ c!:: ~;t G.nQ o
&~WH;:J:

1::°/~rdH;:A

:.n~m9IDIJJte1iO)~1Jj

0"(7 /~ AA 1::°/-1:"7'/v~;:Wl¥Jft~

{) c It \::> :. C ~'j: vAIliD~~;: J: ~1$~@J~O)~ll~~t"QJ:~.'*3rJQm*"'(:'IYJQo

- 440-

1::0

Paramagnetic unlearning and Complex spin models
Kazuo NOKURA
Shonan Institute of Technology, Fujisawa, Japan
We discuss the spin models which are created by paramagnetic unlearning
in neural network models. The spin models which arise by this evolution
are quite different from the Hopfield model and usual spin glass models
such as the SK model. One of the important features is that the largest
eigen values of the interaction matrix degenerate macroscopically, Le. the
number of them is of order of the system size. As an example of these
models, we present the studies of the anti-Hopfield model, the Hopfield
model with an opposite interactional sign.
The idea of unlearning in neural networks was proposed several· years
ago as a mechanism to remove spurious states during REM sleep[l]. Numerical studies have given affirmative results to the neural network model
which was defined by the energy function

H ==

1

-2 ~ JijSiSj .

(1)

ZJ

This idea is very interesting not only in the study of neural-network evolution but also in the study of complex spin models. In the framework
of statistical mechanics, it is natural and convenient to unlearn paramagnetic configurations instead of spurious states[2] . This corresponds to
assuming the paramagnetic temperature in the formulation of the Boltzmann machine. The resulting interactional changes are expressed by the
high temperature spin correlation functions, which can be studied by high
temperature expansion. In this way, we arrive at the evolution equation
of the form

~j == eJij

-

E

L JikJkj.

(2)

k

The studies of equation (2) revealed that, when initial model is assumed
to be the Hopfield model, the model evolves into the pseudo-inverse(PI)
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model[2] . This result is very important for several reasons. Firstly, since
the evolution rule is local, the PI model becomes biologically relevant by
the process of unlearning. Secondly, as an associative memory, the PI
model is better than the Hopfield model not only because it has greater
capacity but also because it can memorize correlated patterns, which
are confused in the Hopfield model. These points support the biological
speculations about the function of dream sleep.
We are also interested in what happens when the initial model is the
spin glass model. We can see that frustrations among interactions are
changed by (2). In addition to this academic interest, unlearning in random neural networks can play important role in the development of neural networks since some biological observations revealed that newborns,
whose neural networks presumably develop randomly, spend much longer
time in REM sleep that adults. Here, instead of studying the evoiution,
we discuss the interactions without the first terms in (2), assuming uncorrelated randomness for Jij • This model is very similar to the Hopfield
model with an opposite interactional sign, Le. the anti-Hopfield(AH)
model. In addition to the relation to unlearning, we can show that the
AH model has a simple meaning as an optimization problem.
To see the nature of the AH model, it is illuminating to study eigen
value distributions of the interaction matrices. The AH model with ex =
P / N < 1 (N :the system size, P:the number of patterns) has strongly
degenerated largest eigen values. This situation is very similar to the
PI model and the random orthogonal(RO) model, which was recently
studied in a different context[3]. The reason for this phenomenon is that
the evolution equation(2), when it is written in terms of eigen values of
interaction matrix, has only one stable fixed point to which positive eigen
values tend.
The replica study of the AH model revealed that it has replica symmetry
which implies that there are no spin glass
instability at Ts = -1 +
phase transitions for ex < 1. However in computer simulations, we found

va,
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a sharp change in the temperature dependence of the internal energies at
finite temperature just like the RO model.
Following the same idea as developed in [3], we found that, for a < 1,
the transition point is well identified by studying the one-step replica
symmetry breaking(RSB) solutionswith the marginality condition, which
is supposed to characterize dynamical phase transitions. The EdwardsAnderson order parameters are very close to 1 even near the transition
point. On the other hand for a >> 1, the results of simulation agree
with the usual RSB solution just like the SK model. These aspects are
consistent with the properties of eigen value distributions of interactions.
The existance of dynamical phase transitions implies that there are many
fixed points of spin dynamics in rather high energies, which are separated
by tall energy barriers.
What is the meaning of these results in the study of neural networks?
In the Hopfield model, it works to remove the spurious states which are
created by learning. In the spin glass model, it removes the low energy
states which are strongly sample-dependent. Thus, in the context of
neural networks, unlearning will suppress this property and increase'the
chances to learn about environment. In both cases, the energy landscapes
of spin glass states become more rugged as unlearning proceeds. This will
cause the increase of remnant properties, which presumably work as very
short-term memories. This situation seems quite consistent with very
long REM sleep of newborns, since they know nothing' about what to
learn and need to adape to any information outside. This point is an
open question and I hope that our studies help to clarify the function of
dream sleep.
[l]F.Crick and G Mitchison, Nature 304(1983)111
[2]K.Nokura, J.Phys A29(1996)3871, Phys.Rev. E54(1996)5571
[3]E.Marinari, G.Parisi, and F.Ritort, J.Phys. A27(1994)7647
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