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Enhancement of memory capacity
by long-tailed distribution of excitatory postsynaptic potentials

«[. Matsumoto and S. Nobukawa, (Chiba Institute of Technology)

Abstract— It is known that the long-tailed distribution of excitatory postsynaptic potentials (EPSPs)
enables spontaneous activity in the micro-circuit of the cerebral cortex. Liquid state machine (LSM) is a

reservoir computing model, which allows to implement the network structures with high physiological validity
typified as long-tailed EPSP distribution. In this study, we constructed two models of LSM with and without
the long-tailed of EPSPs. Then, we evaluated them in a memory capacity task. The result showed that
the memory capacity with long-tailed of EPSP was higher in comparison with the case without long-tailed
of EPSP. This distribution might contribute to enhance the ability of LSM by virtue of its high memory

capacity.

Key Words: Excitatory postsynaptic potentials, long-tailed, Liquid State Machine
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Fig. 1: Long-tailed synaptic wight distribution of
EPSP (single logarithmic plot). This plot follows
log-normal distribution Eq.(5) (o = 1.0,u = 1.0 +
log(0.2)). In the figure, the weak synapse means that
Vepsp < 2[mV], while the strong synapse mean that
Vepsp > 2 [mV]
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Fig. 2: Dependence of memory capacity on delay 7
in the cases with and without strong synapse. The
ten-trial-averaged memory capacity and standard de-
viation for each tau [ms] of LSM with strong weight
and without strong weight (single logarithmic plot).
The “with strong weight ” means that taking both
strong synapse and weak synapse in Fig.1 into con-
sideration, while the “without strong weight ” means
that only taking weak synapse in Fig.1 into consider-
ation. Input I., given input neurons was regenerated
each trial. Here, spikes (5 [Hz]) according to Poisson
process gave all reservoir neurons on regular interval
in the case without strong synapses to arrange the
spiking rate of neuron population with and without
strong weight.
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Evaluation of long-tail activity distribution in spiking neural networks consisting
of multiple coupled modules

«R. Watanabe and S. Nobukawa (Chiba Institute of Technology)

Abstract— In recent years, attention has focused on the long-tail nature of EPSPs, which are found in
various regions of the brain and are thought to cause many neural functional properties. In this study, we
examined whether this long-tail nature of EPSPs is also found in spiking neural networks with embedded
associative memory models. We constructed a spiking neural network with a lognormal distribution of EPSPs
and embedded an associative memory model. We also tested whether long-tailedness could be obtained from
the activation state of the embedded patterns. As a result, it was confirmed that long-tail nature could
be obtained from the occupancy time of the embedded patterns. The long-tail property obtained from the
occupancy time contributes to the emergence of long-tail property at the functional level of memory at the

microcircuit level.

Key Words: Spiking neural network , Associative memory model , Long-tail characteristics
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Fig. 1: Spiking neural network of 3 coupled modules constructed.The combined loads enclosed by the red dotted

line follow the lognormal distribution of the EPSP
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Fig. 2: Firing rate of the excitatory neuron population
in each module at A = 1.0[Hz]. Here, the embedded
patterns [1,1,0] and [0,1,1] are alternately recalled due
to the switching of activation between modules.
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Analysis of brain function during driving by micro-state based on instantaneous
phase distribution of EEG

«K. Otsu, S. Nobukawa(Chiba Institute of Technology),
N. Wagatsuma (Toho University) and K. Inagaki(Chubu University)

Abstract— There is a causal relationship between driver proficiency and the frequency of visual-function-
related traffic collisions. In recent years, several studies have been conducted on the relationship between
driving skill and brain activity. Examples include the relationship between driving skill and the response
properties of P300 event-related potentials related to visual attention and functional connectivity. Therefore,
we focused on how driver proficiency affects brain activity during driving. In this study, we analyzed the
brain during driving from an ”emergence” perspective, using microstates based on the instantaneous phase
distribution of EEG. The results showed that the expert group showed more state transitions from the frontal
to the occipital lobes in the delta band than the beginner group in a highway driving scene.

Key Words: driving, EEG, microstates
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Fig. 1: Location of electrodes used for measurements
based on the international 10-20 method.
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Fig. 2: (a) Estimation process for continuous instan-
taneous frequency time-series of electroencephalogra-
phy (EEG) signals. (b) Estimation process for state
based on instantaneous phase time-series of EEG sig-
nals.
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Estimation of cognitive functions by betweenness centrality
of functional connectivity

«M. Tobe, S. Nobukawa (Chiba Institute of Technology),
K. Mizukami (Kanazawa University), M. Kawaguchi (University of Fukui),
Y. Tanaka (Akashi Mind Hospital), M.Higashima (Medical Corporation Aokikai Seiwa
Hospital) and T.Takahashi (University of Fukui)

Abstract— Implementing optimal interventions to maintain cognitive function based on estimating the
cognitive function of the elderly people is urgent issue for super aging society. In this study, we investi-
gated the relationship between betweenness centrality (BC) as an index for hub structure in the functional
connectivity and cognitive function in the elderly from a topological perspective, using the phase lag index
based on phase synchronization. The results revealed site-specific BC characteristics in the temporal lobe in
theta band between two groups with different cognitive functions. This finding might contribute to establish
bio-marker related to cognitive function of the elderly people.

Key Words: synchronous analysis, betweenness centrality, cognitive function
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Table 1: Basic composition of the participants in two groups of high and low cognitive functioning based on
Five-Cognitive Functions (Five-Cog) scores. The p-value of the group difference between the high and low
cognitive function groups with p < 0.05 are represented by bold characters.

High-cognitive function group Low-cognitive function group p-value

Mean of age (Standard deviation (sd)) 69.71 (4.08) 74.23 (4.99) 0.003

Mean of total score of Five Cog (sd) 112.43 (8.96) 89.14 (9.09) 2.930

Male/Female 6/15 7/15 0.822
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Table 2: High-cognitive function group vs. Low-cognitive function group based on the repeated measure AN-

COVA results figure-value (p-value) and partial n?-value in betweenness centrality (BC) analysis results, F and

p value with p < 0.05 are represented by bold characters.
Group

Group X node

delta = 0.602(p = 0.442, 7% = 0.014) F = 1.514(p = 0.140,7* = 0.036)
theta =0.110(p = 0.742,7> = 0.003) F = 2.561(p = 0.009, % = 0.059)
alpha = 1.554(p = 0.220, 7% = 0.037) F =0.979(p = 0.441,n%> = 0.023)
beta =2.975(p = 0.092,7> = 0.068)  F = 1.196(p = 0.299, 7> = 0.028)
gamma = 1.813(p = 0.186,7> = 0.042)  F = 1.467(p = 0.191,7> = 0.035)
theta
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Fig. 1: The result of post-hoc-t-tests for BC between high and low cognitive groups for each node. Positive

values correspond high (low) BC value for high (low) cognitive group.(*p <0.05, **p < 0.01)
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Modelling-Driven Optimization Problems with Uncertainty Tolerance

OFAEIFERER  BEfHE—

and Their Solution Strategies:

From Standpoints of the Circulating and Spiral-up Systems Approaches

Abstract—

Working in the framework of the circulating and spiral-up systems approach, we attempt to embed

modelling procedures, used to construct approximate models of input—output relationships at the induction stage,
into optimization problems formulated at the abduction stage. In particular, for cases in which uncertainty is
present in real systems, we show that, by considering worst-case scenarios from a risk-management perspective,
we can formulate optimization problems with embedded modelling procedures that might be termed robust mod-
elling. As a solution strategy for these problems, we consider a constraint-relaxation method—the scenario ap-
proach—and discuss how this strategy fits into the framework of the circulating and spiral-up systems approach.
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Improvement of Re-labeling Differential Evolution and Its Application to Mixed Integer

Optimization Problems

* M. Araki, R. Funaki and J. Murata (Kyushu University)

Abstract—

We improve Re-labeling Differential Evolution (RLDE), an evolutionary computation method

for discrete optimization, and confirm its validity in efficient solutions to mixed integer optimization problems,
which appear in many practical design problems that reflect individual preferences. In these types of optimization
problems, numerical evaluations are not available. RLDE efficiently solves discrete optimization problems by re-
labeling indices of alleles of discrete variables in the order of fitness values of solutions when the variables are in
nominal scale, but this causes local convergence problems. By setting conditions for re-labeling and making other
improvements, RLDE achieved better convergence speed and approximate solution accuracy than DE and con-

ventional RLDE.
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2 Re-labeling Differential Evolution

2.1 Differential Evolution
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Fig. 1: The process that RLDE sorts indices of alleles.
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Fig. 2: Two ways to place individuals at equal intervals.
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Fig. 5: The average convergences by using proposed
method No.I in P2.
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Table 1: The average generations of first re-labeling in

each problem.
Condition - Variable - (B)-x; | (B)-x3 | (B)-x5 -
P1 9.88 10.87 9.09 9.58 9.85
P2 10.92 11.06 9.31 10.68 10.35
P3 11.75 14.19 9.95 11.00 11.71

Table 2: The variance of generations of first re-labeling
in each problem.

Condition - Variable - (B)-x; | (B)-x3 | (B)-x5 -
Pl 1182.56 | 4655.31 | 2518.19 | 2946.36 | 3373.29
P2 1913.36 | 4129.64 | 2727.39 | 4795.76 | 3884.26
P3 3228.75 | 13482.03| 2856.75 | 6732.00 | 7690.26
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Fig. 6: The average convergences by using proposed
method No.2 in P2.
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Fig. 7: The average convergences by using proposed
method No.3 in P2.
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Fig. 8: The average convergences by using all proposed
methods in P2.
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Accelerated interactive differential evolution with multi-stage evaluations
*K. Noda, R. Funaki, and Z. Murata (University of Kyushu)

Abstract—

The purpose of this research is to accelerate the convergence of the solution in

order to solve the issue that the user cannot obtain a satisfactory solution because of the limit
on the number of evaluations in interactive evolutionary computation algorithms. The following two
improvements were made by incorporating the multi-stage evaluations into the interactive
differential evolution, which evaluates the solutions by the pairwise comparison with a light
user burden: (1) Generate new individuals around the individuals with good evaluations; (2)
If the pairwise comparison loser is better than the winner of another pairwise comparison, the

loser remains in the next

eneration. The performance improvement was confirmed by com-

paring the proposed metl%od with the existing method.

Key Words: interactive evolutionary computation, optimization
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Five-stage (best) 12.97

ARIOYI 2 b—ya URERND, 3 B
change DE(rand), 3 ExP&#¥fli change DE(best)DPEREIZ
ElLiTF L A ERZ T beinodz, 5 BRI
change DE(rand)(ZR8 L CIE 35 H#ARLIED S DTz
HRENBEL 2o TV D ONMERTE 72, 5 BT
change DE(best)|ZB8 L Tix 23 726 35 R E CTORID
MEREAm E L Tnd, Lo LIESEFIED DE(rand),
DE(best) & bz L 7235612, MEREES K& < M7 ET
IZEH L7z LTHEMRGRREDOM L L7Rnizd,
a—VEEEZEETD L ZOFEICERAEND D LT
BRI,

Table 1 [ZF4E 2 1230 C 50 AR FE Clo B R TFT
O FROZHAEREL D 1 FITH 7= 0 OFHfEE R L T
W5, 5 BRI change DE O DOAZHARIEI L, 3 BRP&
ZT4fi change DE @ 2 & 508k L7-, FRDOAHRIZ LV {H
EOFHmAS 1 BT ORL 2275 & n BREFHMN
TIE IO REEN S n—1 FRFHMIN R 725,
[FIERIC 3 BEPEREAMN Cid | EfRIC D& 2 BEfiE, 5 BERERT
i Tl 4 BB MmN R 225 EHIRFCE 5720
DD IRAER L 7R o7, BERVEREDS 3 B M7 change
DE XY ¢ 5 BefEE¥AM change DE D537 721wk
LTWADIE, ROHEFOEINC L 5% 572L%5
BT&ED, 5 BEMEFNCTHAEDIR DO S O m LA
WMa T2 b DTH-T-ERIL, BROIZHEEDS 2 512
otz LiIn A, B UFHEOEE LFE LR WEE
(IR DI T DI IR N Dt [ 23 D e v o 72 2
ETho,

SR DT 2 BEIN S 5 72012 K0 [l Rl 2

-
N —



552 L THREOR ENEIFFCE D3, 7 Bt 10 X
BEEHMEOBANT S 2 ik, 2—VEEPKREIGFEL
/AN

53 F&3

FEI OV 2 b—r 3 VRERIT Fig. 6, Fig. 7 IR
., Fig. 6,7 12100 FATICBIT DUERFEL FE3 O
50 HARDOIPFHMIEE R L T\ 5,

fitness

35 :
generation

e=gp==DE(rand) ==ie=method 3 (rand)

Fig. 6: Comparison of the method 3 (rand) and the
conventional method (rand)

generation

e DE(best)  ==i==method 3 (best)

Fig. 7: Comparison of the method 3 (best) and the
conventional method (best)

(rand) FH COBERITHRKR 8 HARUZEPRMAREL
(best) FRDIEFRIZI T b (rand) U & TIERWA
4 06 6 U EPORNRL 72> TWD Z E DR T
x5,

DE(rand)?® worst BN _X—2AX7 hVETITES
RT NVIZEA S L85E . Table 2 12 worst B {53 R
E¥ e LCRtdk Lz, F7- worst EIRDOIFERZFH L
T2 T AT IART MVIRE—F sy "_T RV LD
TR L7-E%cE b7 A 77 MVEERIE S LCRD
#k L. worst EARIREEL S T A 7T AT MOVEEFRIER
b IR AZREE L7, DE(best) Ti, worst fE{AH

40

E T N IAER SNz EE A worst ERERIN =1
& L. ZDOMOEHRIZHOUW T DE(rand) & [ TH 5,
FoFE 3L T, worst [EENE T T EREED
best AL MRS N DT80, T OIRHLZ 4T best AL
PEER SN EE % worst EEEREEE LT 5,
SEIOY I 2 b—3 3 UREAEIZT worst {ERDZRRE
OB I X (rand) 5T 15000 [E] | (best) 53Tl
11111 FTH 5,
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Table 3 The number of times the optimal solution is reached

The methods The number of times
the optimal solution is
reached by method

DE (rand) 17
Five-stage method 2 (rand) 27
Method 3 (rand) 36
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Method 3 (best) 50
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Text Analysis of Incident Report in Nursing Facilities by using Growing Neural Gas

* R. Kaburagi, N. Doteguchi, T. Obo, N. Kubota (University of Tokyo Metropolitan)

Abstract—

As the working population is decreasing in Japan, ICT applications are expected to reduce care-

givers' burden in nursing facilities. In this study, we focused on text analysis of incident report in care-giving in
order to extract knowledge that can be applied to the sharing for incident prevention. This paper presents a method
to extract text features on caregivers' reports in unsupervised manner. We use growing neural gas (GNG) to

represent the feature vectors in the multidimensional space.
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Bilevel Z BRE{LETRZ AW RE SO
BT IMmERL
faaES, FEEL, =#H%th (REHENLIRYE)

Improving Sampling Efficiency of Bilevel Multi-objective Evolutionary
Computation for Sensitivity Analysis

Takuya Hakoishi, Tomohiro Harada and Yukiya Miura (Tokyo Metropolitan University)

Abstract— In constrained optimization problems, sensitivity analysis is essential to analyze the effect of
varying the constraints on the optimization results. In this study, we propose a method to improve the
sampling efficiency of Bilevel Innovization, a sensitivity analysis method using evolutionary computation.
Specifically, while the conventional method considers all the constraint ranges simultaneously, the proposed
method is improved to search a wider range while shifting the constraint ranges from small to large sequen-
tially. Experimental results show that the proposed method can obtain samples useful for analysis more

efficiently than the conventional method.

Key Words: H#E{LETE, EE 5T, Bilevel Innovization
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ZEEAMFEEFET7 I A LDI-HDERKIS T T AR
ORI AR SEREMT ERTs (BXUEERE, P HEEHERE)
A Study on Synapse Adaptation in Multivariate Cortical Learning Algorithm

xK. Fujinof, T. Aokit, K. Takadamaf, and H. Sato'
(TThe University of Electro-Communications, *Tokyo University of Science)

Abstract— This paper proposes a synapse adaptation methodology in a multivariate cortical learning algo-
rithm (CLA) receiving and predicting multiple time-series data simultaneously. CLA is a time-series data
prediction algorithm. To predict multiple time-series data, we employ multiple CLA predictors. One CLA
predictor corresponds to one time-series data. Multiple CLA predictors are associated with each other by
synapses. However, the synapse relation between multiple CLA predictors harms the multivariate prediction
when the multiple time-series data are lowly related. The proposed method evaluates a partial prediction
accuracy for each synapse segment and adaptively adds and deletes synapses based on the partial prediction
accuracy. This works to suppress the synapses crossing multiple CLA predictors, which harms the simul-
taneous predictions of multiple time-series data. Experiments using artificial and real-world meteorological
data show that the proposed multivariate CLA achieves higher prediction accuracy than the conventional
CLA by suppressing the harmful effects caused by synapses crossing multiple predictors.

Key Words: Cortical learning algorithm, Multivariate time-series prediction, Adaptive synapse adjustment

EHL, THNOFESEZES 2. FHINOFGE
X, B3 F 2RI XY OO THRBETREIA
5. BREZ, B2FTRETX 2 OES THIKE
WKEOE, ZORI7 XV MBI 2EBMT 2 F TR
BEHIRT 2> F TRAEREL, > F T RABUE#Y)

IEL®IC
KRN P RN, Y AR O BEERE IS EAR R
RIEREAMCH D, FHEMEEDEHERHERED —D
TH5. sIBARRTEFICHIT 2RIITH T LY X

1

LD—DIZ, RIHBESEE 71TV X 4 (Cortical
Learning Algorithm, L{F CLA)b23) 23%%. CLA
i, ANEOKHTEEICH W TER I NSRRI
% (Hierarchical Temporal Memory, LF HTM)* )
BRELTNITYALTHS. CLA OTFHIZRE, 2
MHEDRERTTHE2H 7 Lk, Zho ZBEN
FAMBRTTHESF TRATHERENS. X7 > —
OFETM O LENWEE T D 12BWT, CLA R
KBV ALY b=a—F03y b= THLREM
HHRC I (long short-term memory)® & D & E TRk
FEZERT B e iE I T3, 2Dk, CLA
X, EEAERHIN TV ARRIITHE 7 LY X LD
—DEWVNZ 5.
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FHCTFRIS 2 Z e 22 AR TR, ZZEE TN,
BRORRINT — 2 2[RRI THT 2 2 & T, H—F
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FEORRINTRHZEHL LS T25DTHS. 1EKR
® CLA &, H—KRY|7— & ORRIN T 622
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ANT BRI T — X DRI I D CLA TRlER%
Wz 05 2 100, ARTIE, ZoEBOTH
#87% 2 CLA 2B CLA(Multi-region CLA,
BUF MRCLA) &FEXR. ik MRCLA 1%, 8O T
HIZREIC > F T2 2BINL, BEORRY T — 2 HD
Bl 2 FHNCHIH S 2. LA L, HBORRYIT—
K E OBEME DT NG S, B2 FlGEEO Y F TR
&, TRIOBEFEICKS.
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ERIRET 2. HRETIE, &3 F AT MC
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25 TRITREICHEWT, BiY) 2 > F 7 225
5 ZeNTED. BEEE MW CLA Z#IGH > -7
AFEZHD < EEGEI CLA (MRCLA using adaptive
synapse adjustment, I\'F MRCLA-ASA) &, 12
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X FEMFUICBIT 2EBORE T — L2 HWT, R
3% MRCLA-ASA 2 {ERED MRCLA % LE#$ 5.
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»%. Fig. 1%, n, =11 DANDbitFl, n.=5DAH
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Fro. JKibifE p 1213, HHiEE 6, 235 5. p> 06, TH
2856, TOXKEMEEZROSF TRy, BRI
%5, p< b, THIHE, TOKHEZFFOYF TR
y %, UIFRIREEICZ 5. Fig. 1 TlE, #ERiIREED S+
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Algorithm 1 73k CLA @ > J 7 R Fi%&

Input: An active cell-synapse segment Y, which is a cell-synapse segment on a cell r; ; in column ¢;
1: procedure CELL-SYNAPSE UPDATE(An active cell-synapse segment Y)

)

2 if column ¢; is active at time ¢ + 1 then
3 Process 1 :
4 for each cell-synapse y € Y do
5 o r+ Ap;T, if associated cell r (= y) is active at time ¢,
P p— Ap, , otherwise.
6: end for
7 Neur < [{y € Y | associated cell r (= y) is active at time ¢}|
8: Ngen  Max{Nmax — Ncur, 0}
9: Generate new ngen cell-synapses to active cell-synapse segment Y
10: Associate the new cell-synapses with randomly selected ngen active cells at time ¢
11: else
12: Process 2 :
13: for each cell-synapse y € Y do
NP . — . .
14: p p— ApP, if assoc'lated cell (= y) is active at time ¢,
D, otherwise.
15: end for
16: end if
17: end procedure
B EE Fil
U—=32 R U—=3>R, U—=3> R
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OO0 | [
=HEIO) O|O&E [

=

>1Uduly

I 7’
/ /
/ /
/ /
'

«li a0 o To[o o] *x[lolols:]
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Process 1%5%173 %. Fig. 2(b) TiX, il ry; Ok
NS F TR TAY MY Bl 55. £3, BLroF
T2EZRX Y IZBWT, Wit oiFEREDEL
WBETY Sz F TRy DKEHE p & Ap 7200
mxE3. zhANO>F 72y OKEEEp 1E, Ap;
PR X3, 2ok, Rat TIEMEIRETH - 72t
N DRI F T RZEBMT 5. £, Kisit THEMER
RED L VICBE S 2 e REE D > F T 2 newr EZ,
BINE %> F T 2B ngen = max{nmax — Neur, 0} ZH
9% (Algorithm 1 D177, 178). T I TD nuax 13,
BABMS FFRAETHS. [T7912BVWT, EHT2
CANSFTRAETRY PY L, ngen KDY F T R%5E
3 %. Fig. 2(b) Tl&, i ry3 DEALSFTRE
TAVEY bl OIS FFRAZBMNT 5. %
7o, KGR t+112BWT, FHlREDOELr, ; 28T
BT I c; DIEWIREEIC I & 7270 o 72354, Process 2
%9173 %. Fig. 2 (b) T, i r, OtL>FT
AX TR PNY BEET B AP FTRET A b
Y IZBWT, Rt OIEMEIREEO 2 UIcBE T S h
S F TRy OKGE p 7 ApP ZFRDEES.
(iv) 7a—Fk:

CLA X, THIRREEDOELDHAEDLE Z FTHIE
X(t+1)IKFa—F¥3%. AFTIE, Column-based
decoder'? Z W 3.

3 fEHEIE CLA
3.1 Fi&
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Spatial poolers HTM)!9) ¥ £ % & CLA(Multivariate
CLA)'"D 1%, DV —Y a v THRENE. AT
X, BEDY - a VTR IS CLA % EEmER
CLA(MRCLA) ¥ 5. MRCLA O#&KX % Fig. 3
WRT. Rt I2BWT, n RITDAHIRZ bL
X(t) = (X1(t), Xa(t), ..., Xn(t) € R* 257
12, MRCLA &, nffl® V=Y 3> R, Ry,...,R, %
Hw3. Fig. 3%, 3RO ANIRZ bV X (t) =
(Xl(t),XQ(t),Xg(t)) & 3{0)]) -—ya N Rl, RQ, R3
DHITHZ. BV —Yary R ICBWT, hoLrtE
ME, ANRZ bV X(t) EO %, EEREICR
5. BV —Yary R TEASFTIRELI AV 21K
PEIRBEIC T B B2, MRCLA X, £ TDY—Y 3 R;
(i=1,2,...,n) BT 3.

3.2 MER

PERD MRCLA 1%, 2 8iCiAL 72—V —Ya v
D CLA L ROHUET, LA FFRE2IET 5. 1t
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Algorithm 2 253 2 #IGHY > F 7 X FH%E

Input: An active cell-synapse segment Y, which is a cell-synapse segment on a cell r; ; in column ¢;
1: procedure CELL-SYNAPSE UPDATE(An active cell-synapse segment Y)

2: T+ T174+1
3: if column ¢; is active at time ¢ + 1 then
4: Process 1 :
5: for each cell-synapse y € Y do
6: o r + Apf, if associated cell 7 (= y) is active at time ¢,
' p p— Ap;, otherwise.
7 end for
8: Neur < [{y € Y | associated cell r (= y) is active at time t}|
N . %7 it <0,
' P (0#_91&, otherwise.
10: Ngen < [(1 — ¢+ p¥) - max{nmax — Ncur, 0}
11: Generate new ngen cell-synapses to active cell-synapse segment Y’
12: Associate the new cell-synapses with randomly selected ngen active cells at time ¢
13: else
14: Process 2 :
15: for each cell-synapse y € Y do
NP . — . .
16: P p— ApP, if assoc'lated cell (= y) is active at time ¢,
D, otherwise.
[
’ p (97701&, otherwise.
18: ngel <= [(1—p") - Y]]
19: Delete worst nge; cell-synapses on permanence values p in the segment Y
20: end for
21: end if

22: end procedure

X, [EWEZTHENCES Lnwtkrs 7 208MmE
FIF20ERHB. X512, EMELRFTRNCES LA
AT FTROHIRBVETH 3.

4 RE: BN TFTRAARICEDICEHR
785 CLA
4.1 BWE

AFTIE, MRCLA 0ZZ& FHIKE 2R L€ 2
ZexBNZ, BV FTRADESTHE LTS
AT AN OGS TFRIREEICHED #ISH > F
TRAFEE R RRT 5. BREE, &Ly F T2+t
TR MOFWHTFREELZFMT 2. /2, LT
T2 T XY bOEATFHREEICESZ, 7 X2
D> F T AR FICHNCTATE T 5. BFRKE, Ly
F TR T XY OEGTRREEMRNGE, >+
ZDBMEIHIL, »o, ¥FFROHIERE®ILT 2
XOWENET 5.

Algorithm 212, fRREONHZRT. 2587 % Al-
gorithm 213, kDAL S FFREZ X 2+ DEHAL
M Algorithm 1 Zf{& 3 5. Algorithm 2 128\,
Algorithm 1 ¥ DERZHFHT/RT. Algorithm1 D
Kb bz Algorithm 2 ZH\W% MRCLA % MRCLA-
ASA YIRS,

4.2 BT TRETAY FOBRFABE

ETDELSFTRAELI XY P Y IZBWT, 88k
&, TEHEEECT B TRIREE p 2 HIE T 5. Fig. 4
X, BT F TR R Y IIEEREE T 20T
ARG p 2 BEM I T3 HITH 5.

5, LA FTRAELI XY NY BIEMNIREEICRD,
g s %Lz THNREICLBIC, 2oLy T
AX A2 Y OEMEEE r % 1 %3 (Algorithm
2D 54TH). wATFTRET XYY OFSTHIE
& p &, WEVEEEC T 1o0ts 2 TRIOIEIE I E S W
TRt XN 5. fHBIX, p=[0,1] TH 2. WIHHHEIEZ,
p=11CF 5. BT FTRETXY MY OFD TR

o6

R plx, UToXTHEET 3.

a

22T, p WEHETOHES TR, o DEFEDOLE
DTHUREETH S, LS FTRELITAL Y OFH
DBIELWEE, k=113 % (Algorithm 2 D 917H).
AT FTFREI XY PY OFHIDBHE S TWBIGE,
k=013 % (Algorithm 2 @ 17 1TH).

B THIREEE p 12hS 2 BT DIERR k DFZED W
WA T2 2l 57-9, BEAZX—-—%0,. %H
W3,

4.3 @B FTR

HEKIL, LS FTREITA LY O THIKE
EpilkioE, ZORILSFTREITAV MY B
LY FTADBMEHIRET 5.

BN 22 F T A B ngen 1%, UTOXTHLET 3.

w, ifr<0,,

, otherwise,

(1)

T
(0-—1)-ptr
97’

AR

Ngen = |_(]. — - pw) : max{nmax — Ncur, O}J ) (2)

22T, ¢ =min(|Y|/nmax, 1) THDH, AT F
TRAETRAY MY CBIRSFTRADEAERTH .
Y| ZY CFiET 23 F 72ADEICT 3. npax 25E
TRV MBI RBmKEBMSFTRAECT 2. w ki
P2 [0, 1] DIERE AT X —KITT 5.

NS F TR RN Y O THNEE p > F
TAEER o BEWVIZY, IR0 ngen D> F 7
AHEMENS. VS FTREITR MY OETT
HIREE p & O F TAEEE o HMEWVIZY, £hELD
Bngen DT FTZADEMENS. BINY 2> F T2
Ngen DEEIE, FTEHEART X=X w THIET 2.

HIBR S 2> F 7 28 nga &, UTORTHHT 3.

nael = (1= p") - Y]] (3)
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Table 1: NTHRFRYIT— X DiHAEDLE

| A Xy AT Xy A1 X3
r—21 Xsin KXsaw Xeonst
T—22 Xsin Xsaw Xlog
r—23 Xsin KXsaw Kiri

NIRRT — 2 2 AT O TERT 5.

Xem(t) X 27t
in =sin|{ — ),
s 100

2(t mod 100) 5
100

4)

Ksaw(t) =

{2@ mod 100)J 7

100
-

Xiog(t) =3.875 + Xiog(t — 1) - {1 — Xjog(t — 1)}.

(5)

(t mod 100)
50

Xew(t) = ' (t mod 100)

25 %H_l‘_l’(ﬁ)

Xeconst (t) =0.5, (7)

(®)

ZIZT, Xig(0)=04ThH2. ZERTHDD, 1t
F¥D MRCLA Y1243 % MRCLA-ASA 12, 2R Z2h
DODH—RGRY T — X EeflAEHLDETANT S, Table
112, 3 DODFEEF —21TBIT 3 AN LHRRYF —
X OMAEEERT. AitOREAEZ, 100,000 125 5.
CDONTHRRERY 7 — 2 EHWEETIX, KEED
JEEC X - T, HBOKRRYT — & OEEED T F
5. Xgn & Xaaw 121X, BEEEDRD 2. X, & X 1
X, BEMEDD B, Xan & Xeonst 11F, BEMD 2.
Xein & Xiog 121, BIEPEN .

HHEOSRT— 2, 1 HOFEHAIR [°C], 1 HO
AetRKE [mm], 1 HOFEE m/s] D 3 DDRR
HF— X THERENS. ZORRT—XIE, KRITD
R—sR—Y B It hTn3. F— 2D,
19824E2 H 10 H25 20094E 6 H28 HETTH 5. 1
HOF—&% 1RETDT—XRICT 5. £z, G5tD
FEA B0, 10,000 125 %, 1 HOEHEGED 7 — &2
X, REPEFATWSEED, Z0OHOFEEHETHI
52T 5.
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n =3 ORINF =2 DAL, FRCTHT 572
BHIZ, kD MRCLA 21253 % MRCLA-ASA TlJ,
n=3DY—YaryEHWVWE. FV—-arDh I A
BEn,=1,024125%. T/, IHHEREICRZ T4
BE0,=2012F5%. AT, n.=412F5%. AT
By MNIOEX % n, =190, {EMX 1123y MR
w=1012F 3. £, BT LT FTRAOERBEG, %
0.1125 5. KEHEOEMEZ, Apf =0.112L, #D>
BE% Ap, = 0.00025225 123 5. AT FTRAET X
YRMY OFEMBEOy 2 1518353, £, BALSFS
A DEHEIE 0, % 0.312F 5. KitEDOMEMNE & #D
B, Apf = Ap, =0.11CF 5. KiEEDERED &
X, ApP? =0.00512F 3.

#2%¥ %2 MRCLA-ASA T, EMHEEEOMIE G, %
1,000 129 5.

5.4 FHEEIE

TR ST RERZE (root mean squared error, AT
RMSE)™ ZW5. &R — 2128V T, RMSE
ZUToXTHEHET 3.

o8

N

RMSE = $ %Z(X(t) — X(1))?

t=1

9)

TITE, X(t) DR ICBI 2 EDANME, X(1)
A X(t) OFHETH Z. AT, N =10012L,
N =100 R —>® MRCLA @ RMSE Z & H 3
5. ¥/, KB, % MRCLA % 31 [EEfTL, 15
57z RMSE O F5EE W 3.
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BHTIX, BE L L THERD MRCLA O¥ RMSE %
IKFEERTRLT WD, Fh, T35 —nN—|F, FEHERF:
PRLTWS.

Fig. 9 (a), (b) & (c) 256, KED w OHIFHT, 12
2§ % MRCLA-ASA 1, §RTORRT—RIZTBWL
T, kD MRCLA X bh KW RMSE % #m L
TWBZebhb. T, EHEARTIXA—RwE
T 2T, %3 % MRCLA-ASA TRk E
ArET2Zerbhrs. EHROKHRT— & TFHIT
1%, w=0.0524EE T % MRCLA-ASA I[Z#EYITH %
Zehbhs.

Fig. 10 12, ftkdD MRCLA & w = 0.05 IZF&EL
7= MRCLA-ASA O I2B1F 2 RMSE O#fg %R
§. Fig. 10 (a) OFEKIRICE VT, 1ERD MRCLA
TIZRMSE 2BV X8 2 Z e AREETH 2 Z e bbb
%. —}T, #8832 MRCAL-ASA T!%, RMSE %3
REZED U, DEMEIBRLTWS Z b b.
COFERDN S, IR T S MRCAL-ASA B &E LT
MEEHETEZZ b b, %72, Fig. 10 (b) &
(c) 25, HEXD MRCLA ¥ 1223 % MRCLA-ASA
@ RMSE O##IX, 1ZIZFRICTH S Zepbrd. —



T T T T T T T T T T T T T T T T T T
12 3 MRCLA ] 3% MRCLA 3 MRCLA
I $222: MRCLA-ASA (w=0.3) 06k 12%2: MRCLA-ASA (w=0.3) o1 1252: MRCLA-ASA (w=0.3)
1t - : 1F .
0.8F ]
g - t 0.4} 1y
2 06} 412 2
I F 0.05} g
0.4+ E 02k i
02}f -
I OF . OF i
OF 0V V& T TR R U R B [ R RS R R
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
Bt B t Bt
(a) Xsin(t) (b) Xsaw(t) (¢) Xeconst(t)
Fig. 6: 7 — A 1128 25D RMSE O
T T T T T T T T T T T T T T T T T T T T
0.8 3 MRCLA 1 07r 3k MRCLA 1 08r 3 MRCLA ]
o7k 1222: MRCLA-ASA (w=0.2) 06k 1222: MRCLA-ASA (w=0.2) 07k 1222: MRCLA-ASA (w=0.2)
06 1 osk 4 08F ]
05+ . 0.5F B
0.4+ e 041 .
o o 03k | o
0.3 - 0.3 1
02 1 0% T o2k i
01k 4 oir 1 oaf i
of e or T of .
1 " 1 " 1 " 1 " 1 " 1 | 1 " 1 " 1 " 1 " 1 " 1 ] 1 " 1 " 1 " 1 " 1 " 1 |
0 20000 40000 60000 80000 100000 0 20000 40000 600OO 80000 100000 0 20000 40000 60000 80000 100000
BFem t Bt BFem t
(a) Xsin(t) (b) Xsaw(?) (¢) Xiog(t)
Fig. 7: 77— A 2 1B 2 WD RMSE OH#ERS
T T T T T T T T T T T T T T T T T T
0.8 3k MRCLA 1 07r 3k MRCLA 1 o7r 3 MRCLA 7
o7k $222: MRCLA-ASA (w=0.2) 06k $252: MRCLA-ASA (w=0.2) 06k $252: MRCLA-ASA (w=0.2)
06} 4 osk 4 osfb -
Tl 7 Woal 4 Hoal g
s = s
0.4} -
K Toal 4 ®osl -
0.3F -
0.2 - 0.2F -
0.2} -
“EAA 1 I 1 A '
ok 1  of 4 of -
1

020000 40000 6000080000 100000
B
(a) Xsin(t)

TR R R R R R
0 20000 40000 60000 80000 100000

(b) Xsaw(t)

2000040000 60000 80000 100000
B
(¢) Xei(t)

0
B¥eR

Fig. 8: 7 — A 3 1B 2HpifHD RMSE O

77T, %325 MRCAL-ASA IZ, ft3€d MRCLA &
3 RMSE OZ{tDIEIN/NE K RBMHEADBR SN 5.

IRHDRRET— R EHWEEBROMEE? S, 1R
3% MRCAL-ASA OB HER S -,

7T F®

AfR T, MRCLA OZZETHEE Y LXE 2%
BN, EISHS F T RAFARERIRRE L. 1R
RiEI, BELSF TR T X b OWHTHIKEE %
WETS. ZOWATFRAREEZHAWT, L F TR
B IR PADTFTRDOEMEHIEEZT 3. ATH

RIRY T — & ¥ EHROK[REFRY T — 2 & v
FKEROMER, IBEZRE, 2EETFHICE->THI &R
INBMELMHL, FHBEom IcHFSTL L
PHHS T L 7=,
SR, FEREAT X — X w O HEIPVERE R
AT TETHS.

SE X8

1) J. Hawkins, A. Subutai, and D. Dubinsky, “Hier-
archical Temporal Memory Including HTM Corti-
cal Learning Algorithms,” Technical report, Numenta
Inc., 2010.

29



RMSE

RMSE

2)

10)

T T T T T T T T 1.7 T T T T T ]
o ft5k: MRCLA ] 1t5E: MRCLA ] - ftsk: MRCLA 1
sl ——o—— 23 MRCLA-ASA 17k ——o—— {2%: MRCLA-ASA 4 1ef —o— §2%: MRCLA-ASA 4
: I
7+ i i
I o
sk | i
ab . ; o
3t . i g 1
[ ] ] 1 | ] [ 1 A ] A ] i
0 0.5 1 0 0.5 1 0 0.5 1
BEEH/)SA—F w EBREH/(SA—-F w BEEH/)SA—5F w
(a) PR (b) EFHHKR (c) I
Fig. 9: EMAORR T — X ICBII 2EBEA T X — & w 2 Z(L X758 DF RMSE
20 7T T T T T T T T T T T ] 90 [ T T T T T T T T T ] 2 F T T T T T T T T T T T
#3R: MRCLA - 3%: MRCLA r #5k: MRCLA 7
122 MRCLA-ASA (w=0.05) 1 80 1222 MRCLA-ASA (w=0.05) ] I 1222: MRCLA-ASA (w=0.05) ]
I 1 18} .
151 | 70 i ] | |
60 B 1.6F -
# sob 14 7
s L S 14f .
10F 4 g0 Je
20k 1 12F .
| 201 - 1+ a
5 i I
10+ - i 1
F 0.8 -
1 1 1 1 1 1 or 1 1 1 1 1 L] [ 1 1 1 1 1 [
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

B

(a) “FHE5R

BFsm t

(b) Brtkk i

Bfsm ¢

(c) ‘P JEE

Fig. 10: EHROKRT — X I2B T 2K 55D RMSE OH#EFS

J. Hawkins and A. Subutai, “Why Neurons Have
Thousands of Synapses, a Theory of Sequence Mem-
ory in Neocortex,” Frontiers in Neural Circuits, Vol.
10, pp. 1-13, 2016.

HTM.core, https://github.com/htm-community/
htm.core, Apr. 11th, 2022 access.

J. Hawkins and S. Blakeslee, On Intelligence: How
a New Understanding of the Brain Will Lead to the
Creation of Truly Intelligent Machines, Times Books,
2005.

S. Ahmad and J. Hawkins, “Properties of Sparse Dis-
tributed Representations and their Application to Hi-
erarchical Temporal Memory,” Technical report, Nu-
menta Inc., pp. 1-18, 2015.

Y. Cui, S. Ahmad, and J. Hawkins, “Continuous On-
line Sequence Learning with an Unsupervised Neural
Network Model,” Neural Computation, Vol. 28, Issue
11, pp. 2474-2504, 2016.

T. Aoki, K. Takadama, and H. Sato, “Adaptive
Synapse Arrangement in Cortical Learning Algo-
rithm,” Journal of Advanced Computational Intelli-
gence and Intelligent Informatics (JACIII), Vol. 25,
No. 4, pp. 450-466, 2021.

S. Hochreiter and J. Schmidhuber, “Long Short-Term
Memory,” Neural Computation, Vol. 9, No. 8, pp.
1735-1780, 1997.

D. Rozado, F. Rodriguez, and P. Varona, “Opti-
mizing Hierarchical Temporal Memory for Multivari-
able Time-series,” Artificial Neural Networks ICANN
2010, Vol. 6353, pp. 506-518, 2010.

H. Zeng, X. Zhao, and L. Wang, “Multivariate Time
Series Anomaly Detection on Improved HTM Model,”

60

11)

12)

13)

14)

15)

16)

Proc. in 2021 IEEE International Conference on
Computer Science, Electronic Information Engineer-
ing and Intelligent Control Technology (CEI), pp.
759-763, 2021.

A. Nagashima, T. Aoki, K. Takadama, and H. Sato,
“A Study on Multivariate Complementing Missing
Time-series Data,” The 7th UEC Seminar in ASEAN,
2020 and The 2nd ASEAN-UEC Workshop on Energy
and Al pp. 1-2, 2020.

T. Aoki, K. Takadama, and H. Sato, “Column-based
Decoder of Internal Prediction Representation in Cor-
tical Learning Algorithms,” Proc. in 2020 Joint 11th
International Conference on Soft Computing and In-
telligent Systems and 21st International Symposium
on Advanced Intelligent Systems (SCISE€ISIS), pp. 1—
7, 2020.

Japan Meteorological Agency, https://www.data.
jma.go.jp/gmd/risk/obsdl/index.php, Apr. 11th,
2022 access.

J. Armstrong and F. Collopy, “Error Measures For
Generalizing About Forecasting Methods: Empirical
Comparisons,” International Journal of Forecasting,
Vol. 8, pp. 69-80, 1992.

S. Shaprio and M. Wilk, “An Analysis of Variance
Test for Normality (Complete Samples),” Biometrika,
Vol. 52 No. 3/4, pp. 591-611, 1965.

H. Mann and D. Whitney, “On a Test of Whether
one of Two Random Variables is Stochastically Larger
than the Other,” The Annals of Mathematical Statis-
tics, Vol. 18, No. 1, pp. 50-60, 1947.



BERXESEHENSILHEOHNERNLEFE7ILIV XL

OABERE (HEKRF)

RELRLZ (FRRRE)

HRAIEE (BTE R

An Efficient Algorithm for Learning Sequential Variational AutoEncoders

«T". Ishizone (Meiji University), T. Higuchi (Chuo University),
and K. Nakamura (Meiji University)

Abstract— Sequential variational variational autoencoders (SVAEs) have attracted attention in a wide
range of fields such as time series data prediction and feature extraction. SVAEs is a framework that extends
variational autoencoders (VAEs) to time series and can infer latent variables and transition structures behind
the data. In this study, we propose a method to learn SVAEs more efficiently using sequential Bayesian
filtering, and show its effectiveness on multiple synthetic and real data.

Key Words: generative model, time-series, sequential Bayes filtering
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MEZ,

BHERRINCIE LT, ZEERREEEEETV
PIREEINLGH, ZIDHDFEEMRINAEHETE S
FEDRBEINTEL. AFRERTRR, FBRIIF—KI1IZ
WNIF2HEEEEET LD S L, BRESHOT S
(SVAEs; sequential variational autoencoders) ¥ FEE
NDETNT 7 AHEREZY TS, SVAEs O¥FE 22
T 2FEL LT, IWAE 1213) 2 FIVO 9 2%
ENTERLD, INLHEFNFIENIENE WS MHEL
WA TV, RFERTRTFER, HNFMEOHETZ
N2 O00FEREREL, HBOEGNK - E7 %ty
M L TEN L THREEZRL .

AFREUTORNTHERINA TS, 2 BT,
SVAEs IZOWTEAKNZEFLERT. 3ETIE, 12
RFIETIEH T % ensemble Kalman filter (EnKF) 12
OWTHHT 2. 4FETIE, IRETFEROVWTENT
5. bETIE, HROFE - EHT -2ty MIXWT 5%
BREREPIRT. RIRIC, 6 ETHREZBNS.

2 EREFBESHSER

SVAEs 1&, £ HOfFE5kds (VAE; variational au-
toencoder) ZRFRIVNCHLR L7z ET e LTRHI N
%. VAE &, FrEfbis & MEN 2 #5001 g (2]z) &
HEALER 2 XN 2 B go(x|2) IT X o TRERKE
N3, VAE ZFEEEKRETNVO—ETH D, EEE
go(x|2) 2182 Z e B—DDOHEWNTH 5. AEEITHE
N5 T, RAOBAIERSPRY 7 — % DHHI
AMREIC 2 5.

VAE T, FIHEOLE log pe(X) D TR E LTE
FEENBZEH TR (ELBO; evidence lower bound)

X, Z
log po(X) = Eq,(zx) {log ZZ((Z|X” .
=: LrLeo(0, ¢, X), @

FRAMETZILICE2TRIXA—& 0, ¢ 28T
%. ELBO Ok, EIESRI i pe(Z)X) & Hedm
70 qu(Z|X) OFEHEET H % Kullback-Leibler & A
N=D 2V ADF/MLE EMTH 2729, #HimamiE
ORI 2 BN L RO AT 2
YHNTES.

SVAEs & VAE D4 RGEE & HEamiE i 2 REAE S 2
WO ANTZETVDMITH D, HEERD qp (24| X),

FOEaryYa—T—Saril - AT Py AMESR
(2022 /£ 6 A 3 H-4 H - R EHSEEXHY (SRR
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Table 1: SVAEs Of§]

Network VRNN 19 SRNN 16 svo 17
i pail Qo (zt|Z1:0—1, T1:t) Gp(zt|zt—1,1.7) Qo (2t|2t—1, 1.7)
EE(E! \ﬁ ge(wt\z1;t,$1;t—1) ge(itt‘zhwl:t—l) 99($t|zt)
flf(ﬁ“%@ﬁ%ﬁ fe(zt|z1:t71,1’1:t—l) fe(zt|zt717€£1:t71) fB(zt‘ztfl)
727

B DA go(x4]21.4) CIRBEBR I fo(2e|21.40-1) I
iof%ﬁﬁéh% ARGERRX, BT & OREEER
ﬁkio“(

T T
po(X, Z) = fo(z1) [ fo(ztl2141 H (Tt z1:4)
t=2 t=1
(3)

ERBEND. ZIT, 210 ={2:}t1, Z={2},
@iﬁ&:ﬁ#%ﬁu%ﬁ@ﬁﬁfﬁ%bfhé PICHEX

N7z, SVAEs 12 & » THRERFI DA BGEREDE S hvh
X, RHOERIF — 2 D4AEFL Tl EFLOTEHE
PILE LI-BEBHZ e 72 5.

RFEMI7: SVAEs % Table 1 12ZF 5. b 7S5
B B ERI R, SRS ERGERE, P A
WERIZRL, PUAATIVENER R L TWS. £E
FILDEWZ, FIR L7z 3 D DRI DR EIC
H%. VRNN 1) TR ST D A O BHIZ v
TIBEIREERHEER LT3 —/7, SRNN 16) % svO 17)
TIERBBE SIS FH L TV, SVO TIRIRREER
DO~V a 7HEZ -3 DIZX L, VRNN %

SRNN &I~ a 7 RIREER 2 IREL TW5

3 Ensemble Kalman Filter

EnKF &, X (3) TR N2 HERWIRYET L
(PTSM; probabilistic time-series model) IZHWT, #T
LWEH x, 125 U TIREE 2, 2B RIVNCEH T 28K
NART 4 NRDO—FETHS. EnKF TiE, &IKHED
i po(z¢|T1.s) BRFDOT7 VB Y TN X > T

1 N
Po(z¢|T1:s) ~ N 25z5) zt) (4)
r&ETB. 22T, 2| ﬁ@m%wmﬁﬁgf®%
i KT DIREE, §(.) &i'f}lxﬁ? Bz R 7.

F VY PFND EnKF 18 1%, $EREHE T M
HEWNR ) 4 R

(5)

x; = Hizy +wy, we ~ pow(wy).
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ZHREL, HLWERACH LT
(i)

Zip g ™ fg(zt\zgii 1i—1)> Vi € Ny (6a)
Zijt-1 = szﬂt 1 (Gb)
1 XM .
o1 = g 2 (FHes — Zie-)(E )y~ 2T
- (6¢)
w\" ~ pg.(w,), Vi € Ny, (6d)
mp:iﬁfwﬁ, (6e)
N =1
N
5= g }: w —w,)T,  (6f)
=1
Eat 1 (thf\t 1HT Zw) (6g)
zg‘zz = zg‘?fl + Ky(x: — thi‘zt) 1 wﬁ”) Vi € Ny,
(6h)
YRIFEEHTZ 9. 22T, Ny={1,---,N} &
N UToORARBOEEZRT.
AV I FNDOFER BN T L
xy = he(2¢) + Wi, Wi ~ paw(w) (7)
AN RS 5121%, R PTSM
== (h,jtzt)>
~ fo(Z:|Z1:4-1)
=fo ((Iae. Oa,) 2| (Is. Oa,)Z14-1), (8a)
= (Odz Idz) Z +wy = Hiz +wy
~ go(xi|ze) = go (z¢| (Ia. Oa,) Zt) (8b)

12Xt LT EnKF Z#H TR,

EEANICIE, EnKF (ZREDREE © 35 L WEIHI o g
&% W TRGERRBEEHEEEZ AR L TW5 Z &I
BI 2, —F, BDOBRRA X T 4 VR THIHFT 4
& (PF; particle filter) Tl&, &hFDOILELIZIGT
TIRERTFZ2 VY2 Y > 7 (ZHEMGROY YT
7)) §3 (Fig. 1). ZHh5DMHESE, EnKF X—
ZADIREED PF R— ZDRATHIRIZ R 2 BN IS
BT 5.



filtered dist.

= =] =]

filtered dist.
o cococoo

Z

Fig. 1: PF (/) & EnKF (f5) D7 4 &V ¥ 7 DBEZK

Algorithm 1 Ensemble Kalman Variational Objec-
tives
1: EnKO(x1.7,pg, ¢p, N):
2: forte{1,---,T} do
3 forie{l,---,N} do
if t =1 then
2 ~ gp(z1]arr)

4
5
6: else
. (1) (1)
T ~ q‘P(zt|x1:T7z1:t—l\t—l)
8 =CONCAT(z!" @
9

Lit—1]t—1° Zt|t—1

Zilt—1
(1)
Z1t)t—1
end if
uf? =

pﬂ(mt’zi\t l‘zlt 1t— 1)

10:

(i) .G
q<p( t]t— 1‘21Tz1f 1t— 1)
end for
{zt z 1 :EnKF({Zﬂt 1}z 1,1515)
end for

return py(xi.r) = % sz\il H?:l wt(l)

11:
12:
13:
14:

15:
16:
17:

EnKF({Zt|t 1}1 1,:8,5)

forie{1,--- ,N} do

()Nge(xtlzﬂt 1)
i =Eyl2}"] = ho(z

end for

_ N 7

T = %Zi:lwg)

—x N z,(7

ny = %Zi:ly’t (())

_ N G

Ztlt— 1211721 1 t\t 1
t = N— 121 1(

Efu N- 1Ez 1( t\t 17

Ky =¥ (59)7!

forie{l,---,N} do

(4) (@) K _ ()

+ Ki(xy — ;)

it = Fejt-1
end for

return {z

€T

(@)

18: t\t

19:
20:

21:

1)

22:

23:

24:

25:
26:
27:
28:

29: N

tjtJi=1

4 REFE

SVAEs O*%#1Z EnKF ZHh Afvs Z e T, Kh#l
PNTEE L7AERE T A O R AREL 3 % FHE EnKO
(ensemble Kalman variational objective) Z2% 3 5.
EnKO 1% PF R—ZDfEKE 14 20 21 22, 23) 12 T
3ODOBMKEALTNS

1. FiFEIE . PF R—XDOFEIZFZVI 7V VI
WAEOR T LB XN 3R T ORI
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ELBZriCED, ZLONTFZREE T 5.
77, EnKF RXR—2XORRETITREBE TRV
o, LPEONTFETIRINCEEITZ 5.

2. HEIHEE B ORI : PF R—RDFETIE, £
D6 DH > ) ZEHEIC X B3 MY Al
PEADRLY LT, M2 AT U 7= 045 29
TEHEZITS. 2k, GiHEERICNL T
ABELCTLE S D, RBEETIAELHEERICAN
A7 ZFAET WV,

3. BJECHEE B OIS B FEERIWICIRRIE O A HE
EREIEDEHTHEILERTIENTE, &E
W2 E ey 5.

REEE, HIIBEE

N L N
‘CEnKO(e’ @, X) = EQ (Z(l N) §1TN)|X) UngN(wl:T)]y

(9)
N T (i) (1)
1 fol( zf |z1t 1)96(xt|2; )
wlT ZH 1.G) )
@:1 t=1 |331:Ta Z1421)
(10)
T N
Qe 20 1X) = [ T[Hae (28 [mrr, 210
t=1:=1
go(x"|2(M)}, (1)
ERAETEZIETRNIXA—R2¥ETE. ZC
T, f_e(21|z1:0) = f9(21), Chp(z1)|fc1T7Z{(())) =
q¢(z§2)|w1;T) THY, py(xir)iE Algorithm 1 OHY
JNTHET 3.
5 XBR

2 ODF—&+Evy MIH L, EnKO, IWAE 2,
FIVO ' % L/=5%1T>7. SVAE ¥ L Ti&
SVO 7 Z R, #EHE 0.001 ¥ L7z Adam opti-
mizer 29 1T X o TEE &2ITo7. £/, LAY —$k
EDNANR=RTXA—=RETV v R —FTERL, &
BIAERIZ 3 HOEITOFIETH 5.

51 HT57—42

CMU motion capture library *5 subject 35 @ 5
L, BPEHEIT - TV BERFIE 300 D 23 @D 57—
RERIG Uz, JeAfTHIE 26 20 12hewy, #EE 3 0T,
BEEfA 47 oD T — X E2HMEL, 16 [HDFEEH, 3
EoMAEA, 4fMo7 A AT —&RIZ3E LT, KT
B 128 ¥ LTHEEEITH 2.
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IWAE
19{ = EnKO
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Predictive steps
Fig. 3: HHEFFH & XF7 — K0T 2 FE Tl MSE

Fig. 213 FH MSE Z2/RL72#ERTH 5. EnKO
X, FRCEHIFHENCE LT FIVO, IWAE 2EEL T
WB I EDTHB.

5.2 [EEFEINFT—X

FEEYTFTFT—XEy + MNIST @ 3] O¥F% 16
FEOEMRZAE CHiEI 2T —&Ey 2 %
B L7z, 1042 7—X D55, 360 B¥EH, 40 2
AEFH, 642 27 X PRI EIL. £72, SVO OfFE
L35 - @5k osiic Zzh 24 CNN, Transposed
CNN ZBiL, M 32 THEEEIT- 7.

SEEFHI MSE % Fig. 31RT. 8%, —EL
T FIVO & IWAE ZEELTWAIZ B ohb.
NoDORER? S, FBRIEIZ SVAE OFEEEE 2 A X
HTWBEEZR5.

6

>
—

+ =
i=N=]

ARETIE, FRIIF— RT3 REERET L E
L CERESTHC D2 5 2 (SVAEs) &8N
L, SVAEs D28 HEN 2\ EXH 3 72 DHHHAE 1R
Rl7. BERRE, BHFEFRRCN LT3 o0E M b
TR, ARHEEREONMENE - K78 AL TEB
D, FEERINCS THRKBEOm TEN TV

Lo L, 1RRiEIE, BB BRI B 7 TRT
H5ZrEZREROEZIIZTVWS. ZHUX, EnKF
¥ PF OHWEHOERICHMEIM L T3, EnKF 1%
HIERYE 2 YO TE S FHOWSNEFETH D, §F
Hax b OB SR TEE 25N L il U7z my
RUREOR IR SN S, —7, PF I3 FEMER
TOIRS W CHEE R OFRN B A HE S AT
W27, METETNHNTI 2 RERH 5. S
DFEERTIX, EnKF X—2DIRZEEDHTHEA TV
B, BTEETDKEL TE G5 RIERE R RIC
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XU Tl PF RXR—XOBHFED T BTV 555
HBEAD.

SHROBEL LT, MEZMELTW ZEREZS
N5, BRRA X7 4 VZDXARTIE, EnKF ¥ PF %
A& U7z adaptive Gaussian mixture filter % ensemble
Kalman particle filter 72 ¥ SRR XA TWVWS 29, Zh
5% SVAEs [ L7ZMICHBE L TEALTWL FTE
TH5.
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EHEPDNF—TEFEY bZ1ES
Toy buggy as a quantum bit

OPFHERR * KinFfiiz @

k) [ PERER

=R fEA i e

@ FLJRIBNT K, PR TS FEHFER
BE DCE=—XlENc Xk hEMREE 232 2| AF—H%2, BTarPa—RIIBFS BTy b 2LT

fEEx 23,
EZ T\,

F—TJ—F:

system as a qubit

1 (FL®HIC

INFETHLE, BE - EHAPEGRETFI Y Ea—
& TAL617.6,14) o 27 ABRIRBLTER. ZhU
Ty ) BRERHICBWEHDTHEE L HIT, [
AT LDEERE Y 2 7 VEHRENEMTES) 2
YEBFAININEH[ L LTER. ZOHNDRHIZ,
YRR B 2 D B BRI A BLSRGR IS HE S T
AT LD, BEOBFIVL 2 —XTHEHINEH
JAE RO rb D Iffbi. 2HUE, BKXAY
VRN E TN WS HERE L X0 T B 72 G
8 THI A T7 4%, HEAFRORHIC X > THI >
AT LZHIERTITHA L VO TIER WD, EEZ =70
S5THholz. MIBDPLPHIRTVEHIEETI2DIIAIA
DEH7 EiE] TH2., ZRUIRIT 2 e HRE X
HIES AT HMN DGR S 2o T b, RAZZD
AT AINEL VY e EREREEE O TEY R 7 4 —
RNy ZRTEB LT TH2y3Ial—Ya
VETRIDBERIBRTFAYEa—&ZDE Y b qubit®
HEZRT e80T 181010 oy fiEt
VT LT B BRENERE I LT & 2 OFIENG o A R
MHHEHS. —F, BTEIEOMEIEZEHHTEZ L DIRE
PRI TEZ2HTH S 5. 72 CHHMFEMIC X
LD 2T 2HEDOFERICE S BRVWESICTRT
52ZC3NETHL. bRAIECRODETaA Y Y2 —
R ThHho-TdhETE Y MEZEHANHADL SN AL THI
HT 20700, HHMFIEML, Z3EFEIhizn
2, MEER272ED 2 BREBSMREL XRTW5.
XTC, L2LEAZREETZ X, T—X0MME
X OEREMCEBBRD XS TEXD] L WWHEER
VHBERERD, RIWR#ETHSZ. 22T, Ihkve
TOWEFAD THS AT ARBEAT 2 12LE12. 72
7, BRHICATTE L E— X2 HVERE BRI HR
T2400%, TEA) FFEED 2 WIZER EREIKE
bHE2DANF—HE LTETFIIFICK > TEKWIZT
A7y T THEBRZNTES, D2FEDBHH2DN
F—HEBFETI P2 —XDUEDODTEYA L —
aryre LTEHTE 3. RBETHENRTLDITL
WEWHBEEREIETFa v Ya— & ERoMIZH Y
R oT, TBFEAHL) T2EFITIEE WD FER
H2 1520 Larlihs3ESEREORIEY L 28
FEv b qubit OFERER BICAMLT 3723 TH 5. &
FHEOBETEAKNICE v F2ED X 5 ICHEB LET
BNRETEINE D, ZREZOTIIRV. @0

TABINET, HHYIES BERZ LB FHRES AT 22BRLCE L. 20T, Wi
BREBET IRy b UTAF—HEZMEDT 5. Mt AL TEMERONHELEX 2.

artificial intelligence, quamtum computing, Bohmian dynamics, square well potential, two-level

Farva—REROULTHNX, FHEEZFETT S
72DIZFE T TETEENRZ VKA Vo vwo
T R TAEE R IR TN B ITEHTS 2 BRI
BEDIRAELTS | Te B T D & S 72 RO & MR & TN
ELTFRZ by 2L D125 D260 H 230, 1=h
o S5EREORTE Y P ERZZEIITHS.

ABETIXEMLEZHANAF—HE ZONMET 4 —
Ry ZHlHIgE 2 E T TIETHAET 5. Z 2l
DEIOPHTLHEELRY, B Y 7DOR
N, 74— FXv 70 WS RBENHTL 5.
IS DRI qubit DEAE 2 EIE L DFREE A AL
T, TROLARBEDHMWIE, BIfFEDKZ W qubit
PREBRIIED ZDBRENETFIE D Fault tolerence 12
COEIHETID, EANLITHS. ZZT
WD TAETHHAL TBLD, A D TBFAF—
ZIBbb% Z2FS 21XV EED B Tk
BRWIeTH5. BFAF—IXHELTIE 1-qubit TH-
T, Az REZI UL 1-qubit DILHZ — b 21E3
HPTES., EHRIAF—FHWIEELEVWE S
ZOMRIUE 2-qubits DK TE, 74 —F\w 7%
TRTBZLTHB CNOT ¥ —hick3. DFEh o
DAF—THEREOETS - VEER2 2 TE 5.
FINTIZ DL E DN F — LM TEMTHE Y 1Tk T4
TETETHS. bHEAAMEIIEFEICECELTM
N, FERALDL2WVEREET Yy 707DI2idBZ 5
NE—TWERL, EDPRTVWILES AT LDEH
BEZBILIIRKRBETHAS.

ZUDIZ Sec.2 TETFIFEICHMBEBERZHS 21w
FaxDERHRET 5. T2 TIE, HMEBY LTHRD
HREICAZ P EHREHANE I WS TEFXD) OFE
DREFICR S, WO ERLIIRT S, 20 X5 %M#E
D BEEZFEICBWE LT, $Z2TSec.3 T, &H
MONF—HIC K6 ZRAAL. ThbE BTN
XF— ] WD EBFIHEZITS. ZZTORFIHRECX
BTy hOBRBOHETHZ. TXOREML -G
BIZR 200, SHTEBEICBWTYED XS REEN
H2h, BHERTS. iz Secda TEL DB,

2 HHREZEoNEFIVEa-—ToVY

BraryPa—XoffENt TELhabeEE) 1ok
ooz 19, L LEREHOEIRIEIIHEZ STV,
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Construction of modular fuzzy model using complex
numbers and its application to a medical diagnosis

«Y. Arai and H. Seki (Osaka University)

Abstract—

Researches on the interpretability of fuzzy sets using complex numbers have been actively

conducted in recent years. Some fuzzy inference models using complex numbers have been proposed, but
due to the difficulty of linguistic interpretation of complex numbers, there is a problem concerning the

interpretability of their fuzzy rules and input-output relations.

In this paper, we propose two complex rule

modules-type fuzzy inference models that take into account the interpretability of complex numbers. We also
apply the proposed models to a medical diagnosis, one of the problems in which interpretability is important,

and compare them with conventional models.

Key Words: Fuzzy Inference Model, Complex Neuro-Fuzzy System, Medical Diagnosis
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N— b Rules-j I3XD X S idibans.

Rules-j : if 21 is A1 j and 2 is As ; and

--and &, is A, ; then y™ isy;

ZIZT, A j(x) 3 i FEFHOANIHIGS 2 j BHOD
W—=NTHIBT 27 73 4 A=y TR, y; 1F
N— VR DERS V7NV s TH B, AFETIE, X
YN= 0 TR A, j(2;) 1%, RO T ABETE 2
BT 5.

Aij(zi) = exp{—(z; — ai ;) /bi ;} (1)

:zf %mzju%h%mﬂm?éxyﬂ—yy

(171,132,..., )ﬁ’%i%htt%, j%a@ﬂ/‘—‘ﬂ/a)
WA hi(j = 1,2,...,m) 1&, KDEIITHEA T N—
Py THEBOBETE R 6N 5.
hi =[] Ai; (2)
=1

FOEaryYa—T—Saril - AT Py AMESR
(2022 /£ 6 A 3 H-4 H - R EHSEEXHY (SRR
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ZLTC, VIVl EE CRIFER y; OIMETFEITED,
i yx BT D X SIEHRTE 2.

Y hjy;
YT hy

R, 2EEFRHEITOWTRNG, — ki, ftr »
PAWIETADT 7P 4 L— L DEBIZIZREAET
%22 WSR3 R/IME X B BRI
RO (4) THZ LN 3.

1

B= gy 1) (4)

IZT, TRHMEMETHL. FHP, BT RX—X
Yij, Qi 5, bi,j Gi, >7(0) J: 5 iz LTE%ﬁé ﬂé

*_

Y= (3)

oF

Ay, = —a— 5

yJ ayj ( )
OF

Aai)j = —Baai’j (6)
OF

Abi; o0, (7)

a, B,y ZZENZNDFERBTH 5. HFRT A=K
IEE 5 %2, X (5)~ (7) ZEDIRT Z & THEEELT
STeMTES. fiby » P41 HERET AT, 77
T4 =L T EITHIHEE A o=y TRIE R TS
WEL, X N= v TR L 5Hle I
5.

2.2 JI=IEBEREI7Oos#HEETIL

HIETCAtAE L 720k D il b 7 » ¥ 4 HEEmE T LT
X, AT LDTRTDANERPNL— LRI T
BXNB7=0, ANEROBEINAE > TR
N—ILBHEMLTLE S, 2 TAHITIREANHA
XS =Bt HE L THERET 5V —VE R 7 »
U4 HEERTE T L 1OIDI8) 1z OWTEHIHT 5.

2.2.1 SIRMs EFJ)L

H— A1 — B (Single Input Rule Modules,
SIRMs) &M 7 » & 4 #Eam € 7L (AR, SIRMs £
FLLIER)) TlE, SEATNCRLL— LB EREL,
= VERIIRIS T 2 AT 2Rt E RS 5 1
AJTD If-Then V—VZEFRL T, L—IEHOHHE
Ro#\EA MMz REE 5. Z4HUTED, 1—
VDS KIEICHIIRE A, BT X —ZBMERE
5 TCHRGIHFERITI ZEDAlREL 5. n A1
HAZH LT, i REHDOL—ABEZRD X5 IEHRT 5.
ZZT, m i BEHOL—ABNOL—LEERT.
ATz AT &Nz & i HHOATNIHN T 20—
JVEE Rules-i @ j HBHDIL—AEETE h, j 1%, SIS
ZRYN=y TEBDOZ7L—-RFTHHA (8) THZ
5, — L EHOHERER o) 3MEFF L DK (9) T
RKdoNns.

Rules-i {ifz,is A; jtheny*isy, ; }

hij = Ai (i)
)0 — >ie hiyig
Y hyg

(8)
(9)

73

IR 7 7 ¥ 4 HERE T LTI TR TDO AN DEEICHL
bbb 353, SIRMs EFILTIEBANDEEE %K
ETBIELTYRATLDNRT 4 —< VA%A LXE 3,
SIRMs E 7 VO y* 13X (10) THEAHNS.

n
Y= Z wiy?
=1

2T, w ld i BEHOA— VBRI 3 ERE =
5. SIRMs E7AEIRILT 7 2 1 HEHET L EF
Rz, X (5)~(7) DREETEICED, HRTA—%
BPEWTDHIENTES.

2.2.2 EZa5—-T77P14ETIL

SIRMs EF /WL 7 » D4 HERET L L D HL—
NP2, EHICEEXE e B TE 08—k
FNCIEZ DHERFERIZHFNICZ D TV 20, W on
DASIDMAES LB — LB ERHERT 2 2 Tifthx
T9EYa2a5—7 734 EFAPERINATVS 19,
EV2T7—T 74 ETFLOFE LT, 3AS1IHID
BRI LT, 7794 L—NLERDESITERT 5.

(10)

Rules-1: {if z1is A; j and x9is Ay ;
theny™isy1 ;}72)
Rules-2 : {if z5is Ay j and x3is A3 ;
theny™isyz ;}72
Rules-3 : {if z3is A3 j and x1is Ay

theny™isys ;}72)

—f&iz, n A1 HNDEEOL—AVEHOEZ .0 &
%%, iBHOL—LBHIZBIT 2 j BEHOL—LOEE
EixX (11) T2 60, Zo%OH#EfEIX SIRMs
7R, K (8)~(10) TR HNS.

pi = Auj () * Ay (22) (11)

ZZT, wo(u,v=1,...,nu #v) i FELV—ILEE
TEREINLATOMAEDETH D, * 1F t-norm T
»H3. fEL7 72 4 #HERIET L E LTORLEE
FEWD, ZHOBROEIMIAEV L — VBN TEE R
RIS 3. —J77, SIRMs EFLDNL—LEIZAT
ZROBEn T DL Z};l m; TRD O, ZHDOE
DML TH U= VEBIEREANC UM L v, 7
2L, EFLOIELFEEIZNT LS o TRV, Z
DLET, EV27—7 724 ETUIL—NVEBOEMNE
WMz, TLHFEED SIRMs KD EWETFLTHS. Fiz,
NEIDRIRATRE R 7 7 O 4 V— L %EZ % BT, Bl
HERIIE 42,3 ERESHETH 2 LI TNWE 19,
DI s, RARER Y > 4 HERETILEWD
HIZBWTEY 27 —7 7V 4 ETLD LS BPEA
HZEIOERENZEFVIEHATHIEZ NS,
4FTIE, EV27— 774 BT NVERBL L-ESR
7y V4 HEEREMERL, 7 7Y 4 HERICBT B R
HEREZRO 7 7o —F z20HHAES VTN 5.
3 BEANIN-NBETI7IaHRETIL
ABETE, FHOEY 257734 FFIMITHL
T, V=LA ES X RO O EERICER R
AW T LV EEET S, HREEERWEEREY 74



HERRETIL 211 BN TWBD, 779 4 L—
NMEBEDH LN TE D, ERBH LV E WS
DB D. O OARETIE, V—ILPTRTH
BEB X7 » 1 EBETHREN, /ERDT7 74
N— L FRRICIER CE BT 27 -7 74 E
TAERET L. ¥/, BEETLO¥FEFDO—DL L
T, HEEBEEWEREICOWTIIABERLICHAT 3.
3.1 BREVaS—I7IqHRETI
WRDED 25 —7 7Y 4 ETIEREBRIC, BITESE
ZRC AT OHAGLRICHIET 2V — L EBEE AR
52 THERREATS. AR n &5 % i — Uit
B ,Co 2720, p(=1,2,..,, Co) HHD AT
%q(=1,2,..m) FEHD 7 7 P 4 L—ILERD X 51T
EFRT 5.

C-Module-p : {if x,, is A, g and x, is A, 4

then y* is yp,q}g'l:l1

22T, uyv(u,v = 1,2, ,n5u # v) X p HHD
N— VBRI N T AN OHAEDEDOHESTDH 5.
Ay gy A g 37 74 BETHY, TRTOEBUIFER
TH5. EN—IVHOBEEEIL, EEROHARURE
WHRBEZEAT 272012, A (12) #HVWT, H1—
NBEGETZERZENMAGDEZIED, MG L THRER
HEEE T 5.

Ay q(zy) +iAy 4(zy)
R AT

Ay () +1A,, ()

“57(1 + wzjnq

Tp,q €Xp(ifp,q)

c
'U'Paq

(12)

BAFERIEER (25) D & 5 ICHEFERIEICAHEEEZMA % 2
CTHEBRBE L T 5.
= yzlzq + iyzg,q

Yp,q €xp(ily, ,)

PN ERZAT R, 1I3ENETNEEROFEE, Bz
T.OEAEONRT ZFEH, EENc oy M LERE
G pg 1%, Fig. 1O XS5 WHERVFH ETRIE T, , &
AT 0, , 250, BEBENWEEE, 7791
e TV OHEERIEIE TH W & 2 INE A O fiffR
HEEL W, 207, HRBEHICBT 2 RIEZ L —L
DHEEECRELFEZITS. 2 RiE, =7arD
HlE T TREAE ) 220 NEEIEW ] 2 W §j
L =BV T, MIST 2HIH 7 7 2 1 &S

ZHEN Ayerapighs Anumnign £ L, A% ZNZ
el Htemp,highs Mhum, high &35, %MIE et LT%&EL\ZEIX])
OEEED K 5 R ARG 2 5T H, Htemp,high X1
2L 7, Hhum,high H UL, 2D XS
A, HEERICB I 2 ZoL— Lo HICE 2 283K
L B3 ThHD, FFFICIRE Ttemp—high,hum—high
W1 REATKELRS., —7, APMEKE» DK
(ﬁg@j}%é\’ Htemp,high &U Hhum, high Z0 G:iﬁ’j%,
PRI Ttemp—high,hum—high DIRMEIE 01E L 72 D, [
WCHERRIC BT 2 L — VDTG Z 283N E 7
5. 0L, BRESGEICBWT, LV—LDER

c
yp,q

(13)

74

R | s ..
Hpg ity = Tpg(cos by + isinbyg)

Fig. 1: {RIEIHE & MAHEO [T 2> 5 R 73R8 & D

S E ORI IR T 2L — L OEHEE L WS E
WEWEHESL, MEERANOEREZRT
A M R DOEREBUT LT, FL—LEED
HeERRA IR yo B (14)~(16) ICER T 2.

vp = 1L uparravs (14)
q=1

= rys(cosbyc +isinbyc) (15)

= Ty exp(iHyg) (16)

Z 2T, FEICHV 2 BRAFNXEEL & SRR O [EHE LR
Fig 2720, #EmE LT VERRERA, kO
HEEMITRZ B LI WRRHFEEE 5 £ KIS 2 0803 H
5. FOEDIZ, 77470 VEMERET L
) DEIIZ, TOEKDEE 2RTIRIEEEL—ILD
HAY LTRSS ® 2. g2 3ERRTDH 52,
RN B2 RETE 272012, IRIEEKR OCMHEIEZ
ZRUTOWTHILICEIE T 2. ZHUEEL— Lo
NBEE7 >V 4 EETEINTED, Ramot 59 D
BE7 7V 4 BEOHEBHFEICESVWTWS. KRIHT
BEBEES 2729, X (17) ORIEEEZH D 55,
= NVFEZ & DN— VEBEEEI by, = ry, exp(ifh,)
PEH X, Hh%zE2. BREBIEFRER W
», BEEEOERIIIHEROAGENERD 25, 22T
BIREOKREX2EEEORETXLEZS. UL, &
BEDZRE LTW3 Z 2 ICER$ 3. — ) TEE
EEZBONMAHEIIMENNZ D D, HIRFTER
* CBP ORIEZENT T X — & LU THERICHE
T5. mENEENER (17) CERT 5.

yr =

Z TyeTh, €XP (z Z(Hy; + th)> ‘ (17)
p=1

p=1

7 7 ¥ 4 V=V OFIEER aft] b (FEER: b aff
VR, M HPlal, R ) ¥ bRy (2
yR Tyl ), B EOOL— LRI hT (R, i
fil:hl) DT A =20 LT, FHIEBIE = 1 (y*—T)?
DEINTIZ 2 K OWEEZITS. 22 CT 3L
fETH%. K (18)~(21) KWL T, HXT X —XiTKx



AR TFEICEOEERT IS,

OE
altlt+1) = albl(t) - T (18)
Oap.y
OE
bt +1) = () - B—xy (19)
Obp.q
OE
yltlt+1) = yltlt) —~ R (20)
ayp,q
OE
It +1) = Bl —6—0 (21)
Ohy”

3.2 C-SIRMs 77« #BmETIL

BEEI 25— T 74 EFLTRIPEANTH S
HDOD, HAEOLEDEDNL—NLVEIENTS. 20
Z e HAREITIIEZFEE W B— A v — Vi
FEM T 7o 4 #EFwET LV (M, C-SIRMs ETLE
MER) ZAER T 5. FEERMEAT (21,20, ..., 12y,) D35
AN E, i(=1,2,...,2n) BHOL—LEHIXROD
¥ric5zx6h3.

C-SIRM-¢ : {if z;is A; ; then y“isy; ; };":ll (22)
HfOERES 27— T 7 V4 HERET L L Bz 5 5
X, SRTOANOHAEDERZNZN—DDEH
SEHETEBINSG Z IR LT, BEBDOHEIR L BT
DRTEBRBEANB—DLPRNE VI HTHE. /-
Z,ibi,iij\jj($1,$2,$3,$4)ODEﬁ%E%figfi%)kig, %g
BEV 25— 774 EFLOHROBICERINS
ERBEESEDFEIR L BEDRT71Z 4Cy, = 6 $HTH 323,
C-SIRMs E TV TIEFHEE L BEHDORT7IE T2y & 23],
Tag & 2y) D2MHOAPEZHSE L L TERINS.
BHREEE B X OEREANEIE (23) ZHVTK (24),
(2B)IckoTHEZBNS.

pij = Aij(zi) (23)
Hpg = Haop—1q+ilizpg

= pl +ipl, (24)
Ypg = Y2p-1qt Wapg

= yi +iyl, (25)

B — VB OHEERRRIER (14) ko THERAHNS.
7, BREV2I7—7 74 #EERET LV EFAMICE
FHEEmRE RN (17) T, KX (18)~(21) Wit - T, A
EREICEDEEHFIN 5.

3.3 HEERREUEHEE

BEARER— 2 B EE T 2 7 DITE R R R
B2 HER U 7 R0 R %% (CBP, Complex Back-
propagation) IZDWTHIHT 2. JEfTHrZE D23 T,
CBP IZIELURD &5 BRAH % Z L AVRENT V5.

1. CBP & 2 ZoEENc H O g% £5o

2. CBP ¥y V=22 N L THZEEFESZ—D2D2
=y b LTHEZEET 2.

3. 2y b= ENLEBOEI L BH DM I
FOLHERT X —RDEH e BEHOEIEEHE
WAFINTAT S (Fig. 2).

5

FYbT—=D%
Eh31ES

FBENFA—E2D
EE

A( s )+A( B )
Fig. 2: R =_a2 -7y NV =2 IZBI 3iEEE
DAEHE

COMMIBHEIC KD, ZEERZICZENT
% 3. AEVERERIETE, —RICEPTN 2R/ NERE
MFRAET S, —F, CBP T, ZoOMEIIFEELIL
W, FORER, HE X — T 5 CBP OFE
i, SRR AT E L R 2 AREMED D 5.
ZDX5IT, CBP 73V X LIFEFE X -V D¥H
WKWHELTWS, EE R 2 =u+ivi, 2200FK u,v
DIEFAT ERT (u,v) THRES (EFEL, vk v2ER
5 (u,v) & (v,u) 38R 2). Z0k5i2, BEKE
2 XTCDHE EDREE X, EREZ Ml IZEE, HEdh
WIEEE Z R ORATOEEE LTRET 22T
X3, RETRZIO¥FEEEZHVWT, BEHEERE
CTBREREY2T7—T7 7Y 4 ET B IU C-SIRMs
ETVEREL .

4 BERER

ARFETIE, BUEERY L TREET LV EERET L
DL ZITS. £7, FETNVOHBEREDHERD-D,
BEETLEWRETALLD 7 7P 4 L— LB RF
X — RECCHEEITS . RICEBRICERDZE L2 E
F— & 30 ZHWTREFLOMZITS.

4.1 L=IBESLUNSTA—2BDLER

ERETNEHMULBED T 7 9 4 = BUTD
WC, n A, mi 7 724 nHEDKEETNLDIL—IL
% Table 112, /%5 A — & %% Table 2 1T 7.

Table 1: #7 7 Y A #REFND 7 7 9 4 L—1H
fiilg(t. 7 7 & « HEgRE T L e, m;
SIRMs 7L, C-SIRMs E 7L

EIVaT—T 7T 4ETI

BEEI27—T 74TV

Table 2: %7 7 ¥ 4 #EFHET N DI8T X — XL

i1 7 > & 1 HEgmEe 7L [Timymi <3
SIRMs €7 /L S mix3+n
EY2T-T 7V 4ETN S m x 34 ,Co
C-SIRMs E 7L S mix4+2xn
BREREIa2aI7—T7I4ETN Z;’ffvrr,ix4+2>< nCs

MEXD, BREFTLD T 7 I 4 L—B0Z, HBOER
MOV — VEBEEIEZA R WS Z & T SIRMs 7
AROPEI 2 T7—T 74 FTILID BRI X—RE
DML TV 2258 TH b, fisby >4
HIMET LD LI BANBE 7 72 4 DHEIEOHEMC
£S5 SRR e L — VRO INEM 2 5T\ 5.



4.2 EESZHT—2ADH

RETTIE, EEICERIAZE L - T— & 30 %2
WTEET VOB ZEITS. TDF —&IiE 145 EDE
7 —&ThHb, TN 5 ODAZEE Y 1 >OHK
ERP OB ERILT —2THS. 20 145 HD T —
Z2D55, 3EEHBMT—X, 2@Z2 T AT —X¢E
LT, 7T —X 2 HWTHYEIE, EETLTO¥EY
BROB N T AN F—X e DE» S IEERE )
T5. 5 DDDMHEBIZZN TN RDEKREFD.

HHRHAER.
[MLHEAE D 8D B
v a— 2l
A2 VHE
SSPG

Input 1)
Input 2)
Input 3)
Input 4)
Input 5)

4h, Eio 5 ANITHD, C-SIRMs DEFHEEE K
OB OR7 BER T 28, SN T2y & 2od, 23
agl, RO Tas) 3%, ZDXS AT EFED
BE, 15 DEENERT7 OERHEEE R SRR
EZ 055z T, @EOHIRET L L FRICFEE
NMOHHZEHRT 22 e TE 5. 2R EED 10 [H
100 A1, 1000 [ED & = DIEER, S Fil72, 7
X — 2, R RRREE Z 1 ZF 1 Table3~6 12”7
B, BNOFEIRILY » O s #iEmET L, TV 27—
T7 P4 ETIAVROERES 27— T 7P 4 ETLE
Fhzenfiigte s, MF E£51, % MF £71
ERILT 5.

Table 325, BEBEDET NV THEIELEE 27—
774 T C-SIRMs EFMUE, [ERDETF NI
LU THEEMER LI A @mBIEHRETETWwWS 2
Hbhhd. TREERLENo7-. X512, Table 4 2
5, BEEFNLD2ODETFIMIIEFIKLTED,
DETFT MK L TEBMNBHEEEZD > TS Z 2hb
%. C-SIRMs X SIRMs & b3, HEEI25—7 7
VAETNEEI 27T 7P 4 ETIALD B
FREIINE L 2o TWB Z e bhrolz. Table 5, 6
DFERDP S, FETAMBTIEIARTI A —XBHKREL
ZIWZONTEEHERBIZREL RoTWB I hb
5. —HT, 2 00REETIVIFFHEEINERDE
TILEDBZL o TLE D720, FHFHERE T
WERET MR VER I o5 /-,

Table 3: FEEEHR (%)

AL 10 100 1000
BRIEET L | 44.8275 05.1724 95.1724
SIRMs EF /L | 72.4137 90.8620 92.6206

MF &5 1 22.7586 94.1234 93.1034
C-SIRMs EF/L | 73.7931 87.6206 95.8620
B/EMF EFL | 60.4329 94.6551 97.9310

Table 4: ¥ =

A 10 100 1000
ARILET /L | 0.60787 0.04473  0.03420
SIRMs EF/L | 0.31593 0.07019 0.01455

MF &5 1 1.10533  0.04241 0.00837
C-SIRMs EF /L | 0.52468 0.46113 0.01035
BEMF 50 | 0.17280 0.03425 0.00816
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Table 5: FETILDRT X — X
fER{fteT v | 729
SIRMs €5V | 50
MF €51 100
C-SIRMs EF)L | 70
HHEMF 50 | 140

Table 6: “FYJ5H R (s)

1000
T HRIEET A | 412.112004
SIRMs E5 L | 179.315453
MF €51 259.971386
C-SIRMs E 5V | 302.321783
#3E MF EF L | 308.850729

5 fEam

N—IHR 7 >4 HEERET LD B, 1A 1TH
HDONL—N%FHDSIRMs EFLE, DA 1H D
N—NEFHEIEIaT7—7 73 4 TFILDRHBIICE
J R EBROMPRMNEERB LU EREATILV-ILEET 7
aMEERET VR 2 0B RRE L. KT, EBRICER
MW L= 5 AN 1 o REERZK T — &2 %2 H
W, IBRET I X BERZH S R T L DOWEEIT-
7z, FEBOIEER, FYFEED O, IBEET VI,
H U723 RTOMERET LKL T, Bif iR %
BRI TEL. 7, BEBET VDO AT LT
WX, 77 3 4 = VEDMEBEERNEM L w2
5, flilg(L 7 7 & 1 HEGmE 7L RGHERER O B 0
5, BN=ETILTHE ALK -T-.
BEBEH W7 79 4 L— L ORI, /EkED
HLUWHETH 72, AWIETIE, TRNTHEHETRE
LB —VNT, HEEESCRIEEEHEZR O
WL 2T, MERDBIRMATE 2EHBE W7 7
Do HEREMRT s AT ER. B, RIEE %
HREARE & Z, MAEZFTEICBT 2885
X =R 33T, RREERHESOOERDEEE - 4k
KFEEL CBP 2B AT3 e TER. /2, 2501
FARIESRAMIC T 2 7 Fu—F1F, ITHETIRE
INTEEI7 >4 EBEDOEZHICHRTZ2DDTH
D, ZTNEHWZHRZERT LI LIFAERTH S
YEZONS. AT C-SIRMs EFLVE2HEEEY 2
T7—7 74 ETNVOHBERDHIBD/=DIIRE L=
B, BUEFEER T BIFRMERMPEONZ. L LRSS
5, C-SIRMs OEZEHEE R SERAE DR T ZERT
E)K%%, AN rl‘l E xol, r.]?g & x4, a6y r.l?sj et
L7223, ANIETHAEDEERES XS5 B IRD 5
BREEICESOEDAET 20]EEMDRD 5.
SHROMEL, ERZKLN, ek ATIEE SO
F—Xty M UTERL, BECHERE O %
BT HIENREToNS. FHZ, 20D0REET LD
HOESETH - 720, BEBEHMNT2X51253
Z ¥ CHERZMEEAOISHAB RN S. 2 21Z,
7T — R EBREBICTRIeRENEITONS.
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