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Multiobjective Optimization of Sightseeing Route Planning Considering Diversity of Tourism

* T. Hasuike (Osaka University), H. Katagiri (Hiroshima University),
H. Tsubaki (The Institute of Statistical Mathematics and H. Tsuda (Doshisha University)

Abstract—

This paper proposes a decision support system for appropriate tour route planning considering

the diversification of sightseeing using tourist’s questionnaire and various effective information on the Web.
Particularly, the proposed model introduces public transport information, weather conditions, and event infor-
mation irregularly held in sightseeing places and facilities. The proposed model is formulated as a network op-
timization problem with multiobjective functions, and hence, the optimal tour route based on such effective in-
formation is obtained in mathematical programming and Time-Expanded Network. Furthermore, by introduc-
ing an interactive approach based on Satisficing Trade-Off Method, our proposed problem is transformed into a

single objective network optimization problem.
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Transformation of Scene Information in the Case of Mario Al
* H. Handa (Kinki University)

Abstract—

This talk presents the use of the Deep Boltzmann Machine for Neuroevolution. That is, the sce-

ne information is transformed into a feature space generated by the Deep Boltzmann Machine. Experimental
results show that deeper learning could be better than shallow one.
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Fig. 1: A Depiction of Restricted Boltzmann Machine
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Fig. 4: Temporal changes of error for each layer: 2" and 3"
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3 layers (LOWER).
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An Effectiveness of Multi-step Crossover Considering Symmetry of Operator
in Genetic Programming

«Y. Hanada (Kansai University), K. Ono (Ryukoku University)
and Y. Otiro (Hiroshima University)

Abstract— Deterministic Multi-step Crossover Fusion (AMSXF) is one of promising crossover operators that
perform multi-step neighborhood search between parents, and applicable to various problems by introducing
a problem-specific neighborhood structure and a distance measure. Under their appropriate definitions, dM-
SXF can successively generate offspring that acquire parents’ good characteristics along the path connecting
the parents. In this paper, dMSXF is applied to genetic programming (GP). In the local search of dMSXF,
neighborhood solutions that keep parents’ characteristics are generated with treating a tree as ordered tree
in order to consider the order of child nodes, i.e., operands. We evaluate the search performance of AMSXF
and the effectiveness of its neighborhood generation method, in symbolic regression problem, and discuss the

tree growth through the search.

Key Words: genetic programming, crossover, neighborhood structure, local search, symbolic regression
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Self-Adaptive Differential Evolution Using Similarity of Individuals

«J. Kushida, A. Hara and T. Takahama (Hiroshima City University)

Abstract— Differential evolution (DE) is one of the evolutionary algorithms for solving optimization prob-
lems in a continuous space. Due to its good efficiency, DE has been widely applied to solve various op-
timization problems. Additionally, many modified DE algorithms have been developed in an attempt to
improve search performance. In this study, we propose an improved Rank-based DE (RDE), which decides
control parameters adaptively by the information of the search point. To maintain a diverse population,
neighborhood mutation strategy and niching method are introduced to RDE. In the proposed method, the
search behavior of each individual is controlled based on the ranking information. The effectiveness of the
proposed method is shown by compared with basic DE using well-known test functions.

Key Words: differential evolution, evolutionary algorithm, optimization
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Algorithm 1 DE/rand/1/exp
/*Initialize a population®/
P= NP individuals {x;} generated randmely in S;
Set scalling factor F' and Crossover rate CR;
for ¢ =0 to G4, do
for i =0to NP do
/*DE operation*/
(¢r1, T2, r3) = Randomely selected from P
s.t. rl # 12 £ 13 #£4;
vi= 1 +F (T2 — 203 );
u;= trial vector generated from x; and v; by

a CrossOver;
if fxs) > fug) P = uy;

else 7% = x;;
end for
P={xl*" i=1,2,---,NP};
end for
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Fig. 1: Search behavior of NCDE
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Algorithm 2 NCDE
/*Initialize a population*/
P= NP individuals {x;} generated randmely in S;
for ¢ =0 to G4, do
{R;}=Sort {x;} by f and Rank them;
for i =0to NP do
Set m; based on R,q
P/= most similar m; individuals of x; in P
/*DE operation*/
(1, Tr2, r3) = randomely selected from Si;
St 1 # 12 #1r3 #i;
Set F;, CR; based on R,
V= mrl"'F(mrQ — &3 )7
u;= trial vector generated from
x; and v; by a crossover;

/*Replacement* /
if R.1/NP > rand(0,1) then
x;=most similar individual of u; in S
else
Ty = Tj;
end if
fl@e) > f(wi) ze = uy;
end for
end for
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Table 1: Definition of test functions

Name Expression Domain
Np
f1: Sphere fi(z) = Zaxf [—5.12 < a; < 5.12]"p
i=1 v
D
f2: Rastrigin f(x) = 10Np + fo — 10cos(2mx;) [-5.12 < z; < 5.12]"p
.3
D
fa: k-tablet (k=Np/2) f(x)=> af+ Y (100z;)* [—5.12 < ; < 5.12]Np
i=1 i=k+1
Np
f4: Rosenbrock fl@) =) {100(x1 — 27)* + (x; — 1)°} [—2.048 < z; < 2.048]Np
i=2
ND—l
f5: Schaffer fl@) =Y {(27 +27,,)"% x (sin®(50(F + 27,,)*" + 1} [~100,100] V>
i=1
Np
fo: Schwefel Fsenweser(®) =~ sin(\/|xi|) [-512 < a; < 512]Vp
i=1
J7: Rotated Rastrigin =~ fr(x) = f2(2),2 = Mz [-5.12 < z; < 5.12]p
fs: Rotated Schaffer  fs(x) = f5(2),2 = Mx [100 < x; < 100]NP
Table 2: Result of comparison with RDE and DE LEL04 ¢
: B} fitness
1.E+03 -A—‘h ====variance
f NCRDE RDE DE 1E+02 F
fi | 1.31E4+05 | 1.26E+05 | 2.95E405 LE+OL 1
[50] [50] [50] |
fo | 2.43E+05 | 2.34E+05 | 9.70E-+05 Thor |
[50] [50] [50] 1LE03 |
f3 | 1.69E+05 | 1.60E+05 | 3.62E405 LE-04 1
[50] [50] [50] iggz I
f1| 1.21E406 | 5.43E+05 | 2.82E+06 L E07 . . . .
[50] [50] [50] 0.E+00 2.E+04 4.E+04 6.E+04 8.4E+04 LLE+05 1.E+05 1.E+05
fs | 5.75E+05 | 6.26E+05 | 1.35E+06 Evaluations
[50] [50] [50]
fe | 8.27TE+04 | 7.8TE+404 | 2.19E+05 Fig. 3: The graph of RDE on f;
[50] [50] [50]
1L.E+05 itness
f7 | 1.69E406 | 9.46E405 | 4.09E406 L Er04 ""“ ‘
[50] [45] [47] LE+03 variance
fs | 6.54E+06 | 2.99E+06 NA 1-?2? I
[50] (1] [0] LE+00 |
LE01 |
1LE02 |
LE+04 fitness LE-03 |
LE+03 ', === =variance LE-04
LE+02 F 1LE05 |
LE+01 | 1LE06 |
1LE+00 | 1LE-07 . . . ’
LEor b 0.0E+00 5.0E+05 1.0B+06 1.5E+06 2.0E+06
LBz | Evaluations
1LE-03
1LE-04 )
LE05 | Fig. 4: The graph of NCRDE on f7
L Z 27 NCDE, RDE TOML7=#fT, RDE TO

Evaluations

0.E+00 2.E+04 4.E+04 6.E+04 8.E+04 1.E+05 1.E+05 1.E+05

Fig. 2: The graph of NCRDE on f;
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Gradient estimations for stochastic Animal Swarm optimization

«T. Uchitane (riken) and T. Hatanaka (Osaka University)

Abstract— An development of optimization method using stochastic fish schooling model is introduced. In
the model a fish is subjected an external force depending on its surrounding environment. The developing
optimization method uses gradient function of fitness function as the external force. Since values of the
gradient function usually are unknown, it needs good method to estimate gradient values in optimizing a
functional value. In this paper, we describe two approach to estimate the values of gradient function. One is
depend on simultaneous perturbation method and the other uses a function approximation method. In each
way, fish behaviors are demonstrated in numerical simulations.

Key Words: fish schooling, Boids, optimization, simultaneous perturbation, Neural Network

1 [FC®HIC

LD AR T L CEAEMNEE B Tokke
IRY AT DEEGEALIEIZID AND Z L BRE ST
W5 el 2E, EMoEIZHEK LZ S O (Evolu-
tion Strategies)!), HIRDOEMAITHK L2 EH D (Ge-
netic Algorithm)?), D 7 = v BENCHE L
® (Ant Colony Optimization)?) , #DTENZHIN L7
t O (Artificial Bee Colony)?) 72 K 23BA% ST & 72,
iz, EMOLEHIIEER O R R AEFERIC LY,
HKHE L TEERIRIBVZREDL Z LD, ZOX
D T RERE 2 RS BRI OHR 5 B T HIDR L 7o fdi{b
EORFEBITOITWD. SEOHOIRDFEANICHKL
7= Bi#E{kiETd % (Particle Swarm Optimization)®) 73
ZORETHS.

— 5T, EELZRRET D500, A FET
VDI REESND KD 7%, BHCET 28T T VD
BHETNDOHAFT IV RAEPHR, TAIY XLELT
DYEREHE BFET DL HHED BT D 8.

WHED DIRE LT RECET 28 e 7 v 2 FI A LT
FRIE(LIEIZ BN T, RE AT BIEERE LRI O B BIBI%L
DI TT 4Ty MTh EBNW I EZITTRBEIT S 8.
—RRAVIC, B bR Ol H BB O X B AT RE T
bW, EDTTT ATy MIFDZENTERY. £
DD, MnLEDHIET, 777 4= bEHEET
LVERDD.

TIT 42y befEES D HED 1 DL LTELT,
FIRAEENEICR T 227 77 4 — > MEESGIEICAIL 72
FEMEREN TS, ZOFETIE, EEEOIE
o BBEEEZHZ e TV S LT T 4
v NEBIEEEIT S, L, Bzl BiEsE
TV 74 H 2 LIXEMBEKORFaA PR D 2
EMRIE LS. £, HEOBERAICENTRLA
7= BRREUEZ W T2 DIRBRD 7 7T 4= |k
EHEET DHENRESNL TV, Foh HRIBEEK
DiEZ AV, 5 TaE7R BRI & - THRBIEOE %
T22&7TC, V9742 baHF5. L, 285
S BB OfE S &0 L H IRl 21TV
FT 4 b EFDDOPEE LONICOWTiEHEm S

P i

19

TN,

AGHICTI, B 57 B MIEEEE A A C BT
EATHZ LIV T IT o=y NEHEET D HEER
=4 %. radial base function V) % FH\ 7= BIBGE L %
R, EREOWR DTN EEIERIC XL R
1.1 HEEMNABEETIL

RA REFLDITRESND LT, SESEARH
R OBEET NANREIN TS, RFIETHE, LUF
XN — TR ENDMEK (22T, fEnies
L7=E®T V7 %iTo T 5) OB
FNN BEZL. B, BERRT 2 EEORIT—E
L35,

BT Y — =D FEEL 720,

82 DfalL, ZNENDE—DNL—THED .
THER D FIEL, B r LFCIIE LD D .
H & LSO & ORIIEB I 03M#< .
FOBENIL, RHEFEMENLED.

CITC i ki HHOMOMBEEZRTLL, iFHD
S jEAORNDZT DAL D %,

h(zi, z;)(Ti — ;) (1)
THZ25ZEIZT 5. h(z,x;) 1%, 2 KB OMHESER O
RESERTEETHY, z; — x; ITZOHERT bV
ERT. BOUSNOETORNSLZT, oA 52T
HFAHEAERIIC X B HokkFg,

N

> h(wi, @) (i — ;)

j=1,j#i

(2)

Fig. 1: An shape of interaction function.(r = 2, D
1)

PG0009,/13/0000-0019 © 2013 SICE



L5,

ESIZfE, SAROBRT v VB f () DT
LHB~BL L E2 L. Thbb, flr) DI/FF 4~
v MEHHT 20 AV f (@) 22 F D5 bDET5H.
T, ATENO RS L LT, i HHOAOITENI L
T, JARXPMEabND EEZDE, ADOHEEE v; T
FT L, BHOMOKAF I T AN

dwi

7 Zvi-f—UiE (3)

dv; al

= Y hl@na)(@i—w) — V(@) (4)
j=1,j#i

THZLND. 2120, a, vy FDTRHBEEDIEDE
SEHZDBNNTA=ETHD.

ZD KD R IIFR ORI 2R % KD D Z & 1T
ThY, TOMWEITHMFHFEIZ L > TR . A4
ZETIX, A 7B K DBIERI R A — L2 L0, &k
DEDFRREZHD.

x;(t+ At) = x;(t) + v(t + At)At + oe;(AL)  (5)
o(t+ A8 =woi(t) = (a3 hl@ilt),z(t))
J=1,j#i
(@i(t) — ;1)) = 7V S @i(t) ) At (6)

7285, (6) D w ITEMEES L LTHASNS.

7=, LTI, MEMEA L LT, B0n 728l ) &
1B OFIE = 2 T, TS b X ok X < T B
FEZELT,

1 1

M@0 ) = =, (s = a5 1)
EBWEEAEE XD, Fig11Z(p,q) = (3,5),r =21
B3, 2 AR OB 5 A VEH B OF
R,

&2 OFAZT D IE, MOREENS D5 E 7%
KEHE, NRORT oy VO T TF 4 b
BT ETHD. NROFRT v VB E i
BERETEZ N TWA A ET2Z Lz,
X B BIE O M MEAT T CEERIREEIZ 72 D . T 0fa
DR DN E B (bIE~FIHT 5 Z E 2R STy
5. %72, R (6) ILEENB T TFF 4= b Vi(ai(t))
T, —XMIICBBEBE MO T A LI BEAZ L
MNTERW, 2T, V974 MERIINHLLD
FETHET D HENRLETHD.

2 U374V MR

Z 2T, FEEEENE 10 1SV F s B
OHEFE 1 & radial base function V) % v 7= BISGR
Bl&fT\, 795 4 TS 3 HEEBRRTA.

FEEEE 10O S nWkErS5F oy MNEET
IX, HHERNCIT D V() i KTHOEHEE
Vi) &

(7)

20

LTS, 22T, e(t) X, BENY FATHY ot);
TZFDH I FHOERTHD.

radial base function 'V % = BIRCRE L 21T\, 7
TT7 4y MEHETIE, BRUBEL, X (8) Tl
ahd

F(t) ~ (Z ka(as)) . (9)
k

ZIT, k BRERDOES, on(x) 13K, Wy X
Xy NI =7 OEHLTHD. HEEK op(x) LT
—exp(—(@—p,) " ST @) ERVD. py 1k
H OVESRAONE L+ 5. HBIHATEN Y 1%, *HR
INCENER 02, B, RABRIINIO & L, F
v U= OEHA WL, S, (O, Wior(x) — f(x))?
DI/NERDIIITHEZD. o 13X, 1857 ATREZ2BA%K
DT, BWBEED 7 77 4= MEX (9) TEEE
no.

Vi(z(t) ~V (Z ka(w)) : (10)
k

3 HEXRER

R DR D B2 IR LD R 5. HAYE
#Z1%, Double corn F§%% v 7z. Double corn B
%, 2 SORFR/MERFEOBKT, X (10) THX
bhb.

2

1
c= l— ),
Io kg} bl — ekl + 7
ZIT, b = Lby = 2,1 = [-2,...,-2]T ey =

[4,...,4T & L7-. Fig.2 I 2 %ot Double corn [
o F w2 R

1/ (©
L//

Fig. 2: 2-dimensional
contour map of Double Fig. 3: Initial position
Cone function with D = 2.

FEBRFREL LTAt = 0.1, T = 4000, w = 0.9,
a=1.0, y=1.0 & L7%. F7, Double corn B%%
Wy LTI I7T 4 bERDBGELTTFTT 4
s DHEEM Z WD 58I OV TEREIT - 12,

Fig. 4-5 IZ Double corn B &My L </ 77 4=
v NERDDGEOERMERERT. REAOBEE
TIDINT A =R P HETHZ LI2XY, HERIL2
ODORELLNIEED.

W2, 77T 4 NEHET LA OVTOE
BaRrd. ZorE, ISI9T7 40 MEER 10 AT v
7" (10At ) T & I2ATVY, #7225 oppp = 2.0,5.0 (12D
WTIRD B2 MREE L 7.



10
10

X2
0

X2
0

-10
-10

T T T T

Fig. 4: Positions in the final step with D =2, a = 1.
r = 1(left), r = 2(right).

10
10

-10
-10

T 5 0§ § D

Fig. 5: Positions in the final step with D =2, o = 2.
r = 1(left), r = 2(right).

10
10

X2
0

X2
0

-10
-10

B T B T

Fig. 6: Positions in the final step with D =2, w = 0.3
and o = 1. r = 1(left), r = 2(right).

o o
= =
0 o 0
o~ o~
x© x©
[ [
1 1
o o
7 7

Fig. 7: Positions in the final step with D = 2, w =
0.3, = 2. r = 1(left), r = 2(right).

Fig. 4-6 |(C[AFHESE 10 (c ST/ FF 4=
FEHEE LTI O W T OEREOIEDL VAR~
BB, BESIIBIMENTFET DM E~EE - T
WA IR ZD. UL, ZOHETIE, &0
REWCB T D0 —INR T TF 4 N EHEET DT
DITH I BB 2l 2 LA H 0, HABIK
ORI EL A 2. 5.

Iz, radial base function V) % Fv 7= BIEGEE %
TV, 797 4= FEHEE LI2G G O/ RIZHONT
R Fig7-9 [ZHREAT v 7B T D RBRONE,
HHRTITBIT DB ROZEE), LT, BELADH
HIBIE D E KRB, R L OR/IMEEZ R 7. R

TR MENTFET D mA~EE > TRV, Zhi, &=

21

6 oo 2000 3000 4don "5 1000 2000 3000 4000
Fig. 8: Positions in each step with D = 2, w = 0.3,
a =1 and r = 1.(left:zq, right:zs)

o
&
o |
- =3
—_ —C1
o o
% E)
© o |
&

-5

o |
A I R

(é’ 1000 2000 3000 4000
Fig. 9: Positions in each step with D = 2, w = 0.3,
a =1 and r = 2.(left:zq, right:zs)

Q] Q]
o~ o~
© | @ |
- -
© | © |
—_— —_—
= =
AN AN '
i i W
L B bt
3| =1 10 i
o] o]
ol v y y y ol v y y y
0 1000 2000 3000 4000 0 1000 2000 3000 4000

Fig. 10: Functional value(maximum, mean, mini-
mum) in each step with D = 2, w = 0.3, = 1.
r = 1(left), r = 2(right).

o] Q]
N O] e
@ | @ |
- -
© | © |
-—:\—1 -—:\—1
Ev Ev
=< =<
£ £
AN Ty
] ]
< | < |
- -
@ | @ |
(=] T T T T (=] T T T T
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Fig. 11: Functional value(maximum, mean, mini-

mum) in each step with D = 2, w = 0.3, = 2.
r = 1(left), r = 2(right).

IZH LB R OFHMBEEDOEEFIH L T — 17
TI9TFT 42y hEHELLS ELEZZ EIZRRRSH D
LEZOLND. LoT, a—ANRITITFT 4
HET B - DICFIA 9 5 B BEUE % 3% 5 A Hze i ¢
BRREIEVEREOBLOIZHIR LY, EHOBE
OEERR ENDHET D HIEERLDENEZLD
ns.

4 BHYIC

KRS T, MERMARTT V&2 — R T bk
AT 2 HECBNT, REROBMEET VIZEE
N5 HWERD 7 Z 7 = FOEAE HEEOME)



[Te} S,
o 7
o]
29 g
UI'),
o
2
wn
] . N
-lo 598 5 10 5 0 5 10 15 20
x1 x1
Fig. 12: Positions in the final step with D = 2,

w =09, «a = 1.0, v = 1.0.
Orbf = 5.0(1"ight).

orpy = 2.0(left),

R
=1

o
=

N
i —
[S—

0 1000 2000 3000 4000 [}

xx[, d, ]
xx[, d, ]

0

-10

-10 -5

1000 2000 3000 4000

Fig. 13: Positions in each step with D = 2, w = 0.9,
a=10,v=10. o5 = 2(left), .5y = 5(right).

8] f\/ o)
o 1
e @ ]
© 4 —
o
[‘\_/ ~ | (
87 —
= =
0 -
el N cap
—
R < |
- S
o |
0 1000 2000 3000 4000 6 1000 2000 3000 4000

tionFunctional value(maximum, mean, minimum) in

each step with D = 2, w = 0.9, a = 1.0, v = 1.0.
orps = 2(left), orpp = 5(right).
OHEET D HIEICHO W TR L7z, ARBEEOMEN S

TI9F v NEHETDHFIEL LT, REFHEEIEIC
HoL 7 I5 4 MMEE & radial base function & F
A LB 2R AT 775 4 =0 MEE & it
L7-.

FRHEENE IS 7957 o = MEETIX, 5%
ST BB O MEMITICHEE D Z L IR T E 2.
LU, ZOHETIE, HREBEROEREO B BEEIE L
TCHG L nude b=, BRBE DR =
A MOEIZHAENERD . £, BEEOBEREIIBITS
HIBIEEZFIH L, BB % radial base function
TEBIL, 775 4> FaHET D ETIE, HEEA
X EH BB ORBMEN S DAITICEE ST, 2
I, BREFAHZERICB W CEWALE I S D ERE S D
HEJBMUE b E > Ca— AR T FF = N #HEE
Lo e LzmwitEznonsd. Foizd, o—
HNIRTTT 42 N EHET S0, FIAT5E
BRI & B G A R ZE ] CHERR SIS VMR R D B D
WIZHIB L7720, EHOB\EOBIBS R ENPGHTT D
JiEERBLDZENEZOND.

22

S5 3k

1)
2)

3)

10)

11)

T. Béck: “Evolutionary Algorithms in Theory and
Practice,” Oxford University Press, (1996)

W. Darrell: “A genetic algorithm tutorial,” Kluwer
Academic Publishers, 65/85, (1994)

M. Dorigo, and L. Gambardella: “Ant Colony Sys-
tems: A Cooperative Learning Approach to the Trav-
eling Salesman Problem,” IEEFE Transactions on Evo-
lutionary Computation, Vol. 1, No. 1, 53/66, (1997)

D. Karaboga, B. Basturk: “A powerful and efficient
algorithm for numerical function optimization: artifi-
cial bee colony (ABC) algorithm,” Journal of Global
Optimization, Vol. 39, No. 3, 459/471, (2007)

K. M. Passino: “Biomimicry of bacterial foraging for
distributed optimization and control,” IEEE Control
Systems, Vol. 22, No. 3, 52/67, (2002)

J. Kennedy, and R. Eberhart: “Particle Swarm op-
timization,” Proceedings of IEEE International Con-
ference on Neural Networks, 1942/1948, (1995)

C. W. Reynolds: “Flocks, Herds, and Schools: A
Distributed Behavioral Model, in Computer Graph-
ics,” Proceedings of the 14th annual conference on
Computer graphics and interactive techniques, 25/34,
(1987)

Takeshi Uchitane, Atsushi Yagi: “Optimization
Scheme Based on Differential Equation Model for An-
imal Swarming,” Open Journal of Optimization, Vol.
2, No. 2 (2013)

T. Uchitane, T. V. Ton and A. Yagi: “An ordinary
differential equation model for fish schooling,” Scien-
tiae Mathmaticae Japonicae, (2013)

ATER, FRRHEEREEE L 2 DI, A7 &/l
15, & (52), 2 &, 47/53, (2008)

D. S. Broomhead and D. Lowe, “Radial Basis Func-
tions, Multi-Variable Functional Interpolation and

Adaptive Networks,” Royal Signals and Radar Estab-
lishment, No. 4148, 1988.



FNEAVEL—FT—2aF I AT UP IO RAHARER
201348 830H, WrH

Joboooooobooobogobooobooobn
c0000 00000000 000000000000

Estimating Landscape Modality of Objective Functions
in Evolutionary Algorithms

«T. Takahama (Hiroshima City University) and S. Sakai (Hiroshima Shudo University)

Abstract— In evolutionary algorithms (EAs), if the landscape of an objective function can be estimated,
evolutionary operations or algorithm parameters can be selected properly. For example, if the landscape
of the objective function is unimodal, the efficiency of the EAs can be improved by selecting operations or
parameters for local search around a best solution. If the landscape is multimodal, the robustness of the
EAs can be improved by selecting operations or parameters for global search in search space. In this study,
we propose a method that estimates the peaks of the function by using a proximity graph and a method
that estimates the landscape modality by sampling the function values along a line. It is shown that the

landscape can be estimated by these methods.

Key Words: Evolutionary Algorithms, Landscape Modality, Landscape Modality Estimation
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) break;
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x;V=x, € P;
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t++) {
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mnew_mrl G (Try 5 — Trg 5);
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k++;
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Evaluate «}°V;
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P={Zi};
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Performance Evaluation on Function Optimization by Quantum-Inspired Particle
Swarm Optimization

«K. Tazuke, N. Matsui and T.Isokawa (University of Hyogo)

Abstract—

Quantum-Inspired Particle Swarm Optimization (QPSO) is an extension of Particle Swarm

Optimization (PSO) methods, in which the concept of quantum mechanics is adopted. The state of a
particle in QPSO is described by a wave function derived from the Schrodinfer equation, whereas a particle
in standard PSOs has its location and velocity as its state. The performances of QPSOs are demonstrated
through the optimization problem for higher-dimensional functions, with comparison of the standard PSO.
The experimental results show that QPSOs can find (near) optimal values much faster than the conventional

PSO.

Key Words: Quantum-Inspired, PSO, QPSO, Function optimization
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Algorithm 1 Particle Swarm Optimization

Algorithm 2 Quantum-Inspired PSO

1: Initialize S

2: 140

3: while t < T do

4: 10

5: while i < N do

6: 7+0

7 while j < D do

8: Update vfj (the velocity of particle )
9: Update xf; (the location of particle 1)
10: Evaluate particle and update pbestfj
11: j—i+1

12: end while

13: Update gbest};

14: t—i1+1

15: end while

16: t—t+1
17: end while

1: Initialize S

2:t+0

3: while t < T do

4: 1+ 1

5: while : < N do

6: Calculate Mbest

7 g1

8: while j < D do

9: Update zj; (the location of particle i)
10: Evaluate particles and update pbestﬁj
11: j—i+1

12: end while

13: Update gbest};

14: t—i+1

15: end while

16: t+—t+1
17: end while
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g
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/ Q(z)dx > 0.5 (27)
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Table 1: Benchmark functions and their domains

Benchmark function domain
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i=1
n—1
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=1
Fy(x) —-jij v ——]%[cos L)t [—600.0, 600.0]
’ - i=1 4000 i=1 Vi B .
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Xr; —
=1
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Fig. 2: The landscapes of the benchmark functions
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Table 2: Experimental result on function problems with 100,500,and 1000 dimensions in PSO and QPSOs

D PSO DQPSO HQPSO SQPSO
mean sd mean sd mean sd mean sd
100 | 1.7x10* | 1.2x10* | 1.5 x 10719 | 8.0 x 1071%% | 1.9x 107 | 1.0 x 10787 | 3.0 x 107" | 1.3 x 10~
Fy | 500 | 2.0 x10° | 4.5 x 10* 1.815 1.071 1.0 x 10* 8533 3.0 x 10% 2.1 x 10*
1000 | 6.9 x 10° | 8.0 x 10* 1.0 x 10° 3.9 x 10* 5.0 x 10° 9.1 x 10* 6.5 x 10° 9.0 x 10*
100 4194 4232 96.79 31.78 86.81 23.34 91.20 24.11
F» | 500 | 1.0 x 10° | 2.9 x 10* 1163 147.9 1.5 x 10* 7174 3.3 x 10% 1.6 x 10*
1000 | 3.3 x 10° | 4.9 x 10* 7.9 x 10* 2.0 x 10* 2.7 x 10° 4.3 x 10* 3.4 x 10° 5.7 x 10*
100 160.9 104.0 0.0505 0.1400 0.0841 0.2646 0.0127 0.0357
Fs 500 1736 402.5 1.9514 12.61 101.1 75.05 250.0 150.6
1000 6366 774.2 964.3 282.5 4408 984.1 5965 1048
100 105.0 39.52 20.32 7.306 16.20 8.823 14.62 6.793
Fy 500 1496 240.7 265.7 42.80 615.1 123.6 848.1 186.4
1000 4304 422.3 1955 256.9 3512 518.2 4319 1287
10° 10* 10° =
107 = harso = bamo = barso T baso
EFl 11%: " amo i . sarso ) 10° " oo g oo
g ig—u g Ep £
2 % E 10‘\ ER R
g w0 - Sy E
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Fig. 3: The minimum values over iteration by PSO and QPSOs for the 100-dimensional functions
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Fig. 4: The minimum values over iteration by PSO and QPSOs for the 500-dimensional functions
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Fig. 5: The minimum values over dimension by PSO and QPSOs for the functions
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Multi-Objective Reinforcement Learning
for Acquiring All Pareto Optimal Policies Simultaneously

— Method of Determining Scalarization Weights —

«H. Tima and Y. Kuroe (Kyoto Institute of Technology)

Abstract— We recently proposed multi-objective reinforcement learning methods for acquiring all Pareto
optimal policies simultaneously by introducing the concepts of convex hull and dominance relation. We also
showed theoretically that a policy acquired by the methods is Pareto optimal. In the methods, a state-action
vector set is trained, and then a policy is derived through scalarizing the trained state-action vectors by using
a weight vector. However, the scalarization weights must be determined in order to derive all the Pareto
optimal policies from the trained state-action vectors. This paper proposes a method of determining the
scalarization weights. The performance of the proposed method is evaluated through numerical experiments.

Key Words: Reinforcement learning, Multi-objective problem, Pareto optimal policy
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Fig. 3: Example of determining two hyperplanes
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Fig. 4: Deep sea treasure problem
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Table 1: Weight vector and Q-vector determined by
the proposed method

Weight vector Q-vector
(0.250048, 0.749952) | (—24.994407, 117.659568)
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(0.559559, 0.440441) | (—16.995151, 112.954279)
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Concept of Strongly Stable Rate for Control Systems using Coprime Factorization

*A. Yanou, M. Minami and T. Matsuno (Okayama University)

Abstract— This paper proposes concept of strongly stable rate for control systems using coprime factor-
ization. In this paper, the strongly stable system means that both of closed-loop system and its controller
are stable and the open-loop steady-state value becomes constant even if the feedback loop is cut. Although
the authors have proposed a design method of strongly stable system, the derived system has the possibility
that it is stable and is not safe when the feedback loop was cut. That is, there is a possibility that a large
open-loop steady-state value like overflow of tank system or abnormal rise in temperature occurs in indus-
trial field. For this problem the authors proposed a design method of fitting open-loop gain to closed-loop
gain by using coprime factorization in generalized predictive control. But this method is not always able to
design a strongly stable system. Therefore this paper defines a gap between open-loop gain and closed-loop
gain as strongly stable rate, and a numerical example shows that an introduced parameter in this paper can

modulate the rate.

Key Words: Strongly stable rate, Coprime factorization, Closed-loop characteristic
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Iterative Calculation Method for Constraint Motion by Extended Newton-Euler Method and
Application for Forward Dynamics

«J. Nishiguchi, G. Lee, M. Minami and A. Yanou (University of Okayama)

Abstract— This paper proposes iterative calculation method for representing constraint motion of robot manipulator
utilizing inverse dynamic calculation of Newton-Euler method, solving method of forward dynamics problem. This
method has a merit that enables us to calculate forward dynamics recursively with no use of explicit representation
of equation of motion. Then, we applied this method to 3-link manipulator and evaluated its validity by numerical

simulations.

Key Words: Newton-Euler method, Constraint motion
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A study on the necessity of a secondary system in the consciousness system

«K. Miyazaki (National Institution for Academic degrees and University Evaluation)
J. Takeno (Meiji University)

Abstract— Our research purpose is to realize a consciousness system on computers. In this paper, we focus
on the relationship between a primary system, that learns the input-output relation with an environment,
and a secondary system, that is able to act against the primary system. We believe that consciousness is
not constructed with only the primary system, and the presence of the secondary system is essential. The
purpose of this paper is to clarify the importance of the secondary system. We show that the secondary system
can follow more wider range of environmental changes than the primary system by numerical experiments.
Furthermore we show an extraordinary case where a customized primary system can adapt the environment.
It does not deny the necessity of a secondary system. It means the importance of the design of the secondary
system. Therefore we can confirm the necessity of a secondary system in the consciousness system through

these numerical experiments.

Key Words: Consciousness system, Reinforcement Learning
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Fig. 2: The environment used in experiments.

FHERBE NICEMM A AFEO T 7V F 22— %52 HFT
2Ty NEMETD. BREDIREEM LRI T
THNE, T—I x>V M BRI OMBEEMZ#EY R
T, TRDLERE T TIREBER 21D KT Z & T, 1Rk~
BB ODIREER R 2 FET D I LMWL 2 5.

BB DRI T O N B DIREER D Fig. 2 &
RABERFZEZD. 22T =YY MESO» DS S35
&2 TT RN IFIND 21 BEORIHE (BHEAN) &
B LINTED. FERANTIK, AFEOT V7 F 2
T—BITHIS U7z 4 FEEOITE) {a,b,c,d} DFNLV &
DOTE%EINT DI NTED. 4B, Fig. 2 T,
T=VxY hOBEEAINEMLL R, HlZIX, S1 T
78 c 23BN S1 TR &5 RREBER IZAE LT
Hb.

T—Y Y A, Fig. 20D, £ B (K=MK
TxRUZAB,CDOWEND) ICEET S L, T—
Vv MIHMM»EZ5NE. T—Y Y NOHKI
WM EHD e ThY, £REEAN (SO~S35) IZH W
T, ED1TH) (a~d) ZBRT R E 02 WM L D 2H
T5.

FHEmmE UTdb®E (Q-learning, Sarsa 5%), XoL
DOXRFEFENFHARETHD. 26, #b¥H, XoL &
12, WM DG AEE 25 51X, iM% 155 72D DBUR,
TROL, RREEANTENTANIN—INVES2EST
5 EMTES.

4.1.2 BREZ{EOEA

Fig. 2 DB U, WD 52 502 i 23 &
LB T 2 — A% EZE 2D AFTIX, #i 21X 1000
FENZ 12, MBS BEHRMWA-B->C—>D—
A=l D ST LT D EBRBEA ML E KD . ZhiE,



Table 1: Experimental results if the location of a reward is changed 7 times.

| [1 KR [QU][2 KR [fheh U] |2 K [ahid D]

1000 178 || 76.3 (14.9) 63.4 (23.9) 55.3 (22.7)
2000 178 || 14.6 (11.4) | 4.29 (7.14) 3.71 (8.48)
4000 1787 || 0.00 (0.00) |  0.00 (0.00) 0.00 (0.00)

Table 2: Experimental results if the location of a reward is changed 15 times.

| [1 X% [QU][2 KR b5 U] [2 K [ahid V]|

1000 178 || 74.5 (9.68) |  59.1 (15.9) 44.8 (17.5)
2000 178 || 17.3 (9.34) 3.73 (4.45) 2.47 (4.49)
4000 17 || 0.00 (0.00) | 0.00 (0.00) 0.00 (0.00)
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Table 3: Experimental results of the case where environment changes each time the agent gets a reward.

[ 1% [QL] [2 X% [QL X—A][1 % [XoL 1) £ v M [1 5% [Xol]|

[100.0 (0.00)[  100.0 (0.00) |

0.0 (0.00) | 73.8 (4.34) |
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A Study on Local Data Visualization by Robust Fuzzy Clustering

«K. Honda and A. Notsu (Osaka Prefecture University)

Abstract— Data visualization is a useful approach to intuitive data mining and many statistical techniques
such as principal component analysis (PCA) and multi-dimensional scaling (MDS) have been applied in

various fields.

However, it is often the case that we cannot construct meaningful low-dimensional feature

map when data sets are drawn from complecated (non-linear) data distributions. In this research, we discuss
the applicability of robust fuzzy clustering to intuitive data mining, in which multiple (cluster-wise) feature
maps are constructed revealing local intrinsic structures.
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On-line Learning of Fuzzy Classification Systems
using Confidence-Weighted Method

+T. Nakashima (Graduate School of Engineering, Osaka Prefecture University)
T. Sumitani (Graduate School of Engineering, Osaka Prefecture University)

Abstract— Incremental algorithms for fuzzy classifiers are studied in this paper. It is assumed in the
formulation of pattern classification that not all training patterns are given a priori for training classifiers,
but are gradually made available over time. Especially, only one training pattern is available at a time.
It is also assumed that the previously available training patterns can not be used afterwards. Thus, fuzzy
classifiers should adapt themselves according to the available training patterns. The adaptation is made by
updating already constructed classifiers using the available training patterns. In this paper, a confidence-
weighted learning algorithm is applied to fuzzy classifiers for this task. In the confidence-weighted learning,
the weights in the weighted sum of attributes are updated so that the amount of the modification is minimal
but still correctly classify the training patterns with a specified possible errors. A series of computational
experiments are conducted in order to examine the performance of the proposed method comparing that

method with the conventional learning algorithm for fuzzy classifiers.

Key Words: On-line learning, Fuzzy rule-based systems, Classification
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Various Type-2 Fuzzy Inference Models

«H. Seki (Kwansei Gakuin University)

Abstract— Since Mamdani applied the concept of fuzzy inference to steam engine experimental device,
relevant research and applications have been executed. Especially, recently, the type-2 fuzzy inference model
has achieved a great success in the various fields. This paper introduces various type-2 fuzzy inference

models.

Key Words: Approximate reasoning, Fuzzy inference model, Type-2 fuzzy set
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Complex-valued Bidirectional Auto-Associative Memory

«Y. Suzuki and M. Kobayashi (University of Yamanashi)

Abstract— Complex-valued Hopfield Associative Memory (CHAM) can store multi-valued patterns. But
CHAM stores not only given training patterns but also many spurious patterns, such as their rotated patterns,
at the same time. These rotated patterns and spurious patterns reduce the noise robustness of the CHAM.
In the present work, we propose Complex-valued Bidirectional Auto-Associative Memory (CBAAM) as a
model of auto-associative memory which improves the noise robustness. CBAAM consists of two layers.
Although the structure of CBAAM is a Bidirectional Associative Memory (BAM), CBAAM works as an
auto-associative memory, because the one layer is a visible layer and the other one is an invisible layer. The
visible layer consists of complex-valued neurons and can process multi-valued patterns. The invisible layer
consists of real-valued neurons and can reduce pseudo-memory such as rotated patterns. Thus, CBAAM has
strong noise robustness. In the computer simulations, we show that the noise robustness of CBAAM highly
exceeds that of CHAM. Especially, we find that CBAAM maintains high noise robustness independent of
the resolution factor.

Key Words: Complex-valued neuron, Bidirectional Associative Memory, Auto Associative Memory, Hop-

field Neural Networks, Noise robustness
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On Multidimensional Processing by Quaternionic Multilayer Perceptron

N. Muramoto, *T. Isokawa, H. Nishimura, and N. Matsui (University of Hyogo)

Abstract— The performance of layered neural networks with quaternionic encoding variables are investi-
gated in this paper. The form of local analyticity with Wirtinger representation is adopted for a backpropa-
gation learning algorithm in this network. A quaternionic version of tanh function is used for the activation
function in neuron states’ updates. As tasks of the performance evaluation of the presented networks, two
types of three dimensional data processing problem are used; the prediction of the Lorentz attractor and

affine transformations in three dimensional space.

Key Words: Quatenrion, multilayer perceptron, local analyticity, Wirtinger representation
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Vector field computations in Clifford’s geometric algebra

* Eckhard Hitzer (International Christian University, Japan),
Roxana Bujack and Gerik Scheuermann (University of Leipzig, Germany)

Abstract— Exactly 125 years ago G. Peano introduced the modern concept of vectors
in his 1888 book "Geometric Calculus - According to the Ausdehnungslehre (Theory of
Extension) of H. Grassmann". Unknown to Peano, the young British mathematician
W. K. Clifford’s (1846-1879) in his 1878 work "Applications of Grassmann’s Extensive
Algebra" had already 10 years earlier perfected Grassmann’s algebra to the modern
concept of geometric algebras, including the measurement of length (areas and volumes)
and angles (between arbitrary subspaces). This leads currently to new ideal methods for
vector field computations in geometric algebra, of which several recent exemplary results
will be introduced.

Keywords: Vector field, Clifford’s geometric algebra, Geometric calculus

1 Introduction vector space given with a remarkably mod-
ern notation and style and, although it was
The descriptions of L. Kannenberg’s first complete not appreciated by many at the time, this
translation [2] of G. Peano’s Calcolo Geometrico says: is surely a quite remarkable achievement by
Peano.
Calcolo Geometrico, G. Peano’s first pub-
lication in mathematical logic, is a model In the preface G. Peano himself writes in February
of expository writing, with a significant im- 1888 about his expectations for his work [2[:
pact on 20th century mathematics. ...In

... I'will be satisfied with my work in writing
this book (which would be the only recom-
pense I could expect), if it serves to disclose
among mathematicians some of the ideas of
Grassmann [1]. It is however my opinion
that, before long, this geometric calculus,
or something analogous, will be substituted
for the methods actually in use in higher
education. It is indeed true that the study
of this calculus, as with that of every sci-
ence, requires time; but I do not believe
that it exceeds that necessary for the study
of, e.g., the fundamentals of analytic geom-
etry; and then the student will find himself
in possession of a method which compre-
hends that of analytic geometry as a par-
ticular case, but which is much more pow-
erful, and which lends itself in a marvellous
way to the study of geometric applications
of infinitesimal calculus, of mechanics, and
of graphic statics; indeed, some part of such

Chapter IX, with the innocent-sounding ti-
tle "Transformations of a linear system,"
one finds the crown jewel of the book:
Peano’s axiom system for a vector space,
the first-ever presentation of a set of such
axioms. The very wording of the axioms
(which Peano calls "definitions") has a re-
markably modern ring, almost like a mod-
ern introduction to linear algebra. Peano
also presents the basic calculus of set oper-
ation, introducing the notation for ’intersec-
tion,” ’union,” and ’element of,” many years
before it was accepted.

Despite its uniqueness, Calcolo Geometrico
has been strangely neglected by historians
of mathematics, and even by scholars of
Peano.

The mathematical biography of G. Peano at the Uni-
versity of St. Andrews [3] writes about Calcolo Geo-

metrico: .
sciences are already observed to have taken
In 1888 Peano published the book Geomet- possessions of that calculus. ...
rical Calculus W},llch beglns with a cha.p— Grassmann’s work was the source for W.K. Clifford
ter on mathematical logic. ...A more sig-

[4, 5] in England to introduce the modern concept of
geometric algebras, which includes the measurement
of length (areas and volumes) and angles (between
arbitrary subspaces). He wrote [4]:

nificant feature of the book is that in it
Peano sets out with great clarity the ideas of
Grassmann which certainly were set out in a
rather obscure way by Grassmann himself.
This book contains the first definition of a ... I propose to communicate in a brief form
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some applications of Grassmann’s theory
...I may, perhaps, therefore be permitted
to express my profound admiration of that
extraordinary work, and my conviction that
its principles will exercise a vast influence
upon the future of mathematical science.

A recent review (coving works until early 2012) of
modern applications of Clifford’s geometric algebra
can be found in [7]. We will therefore concentrate on
more recent advances.

Regarding recent progress, we want to report in
Section 2 about the detection of outer and total
rotations in two-dimensional and three-dimensional
vector fields using iterative geometric correlation
[9, 10, 11]. Another area of major progress is based
on the in depth study of square roots of —1 in Clif-
ford’s geometric algebras [12]. This has lead to new
research (see Section 3) in quaternion and Clifford
Fourier transformations [16, 17, 18, 19, 20, 22, 23, 24].
Next we explain (Section 4) about the establishment
of the algebraic foundations of split hypercomplex
nonlinear adaptive filtering [26]. And finally (Section
5) we show how even in material science, Clifford’s
geometric algebra allows to find new geometric de-
scriptions for fundamental symmetry properties [27].

2 Progress in vector field detec-
tion

Correlation is a common technique for the detection
of shifts. Its generalization to the multidimensional
geometric correlation in Clifford algebras addition-
ally contains information with respect to rotational
misalignment. It has proven a useful tool for the reg-
istration of vector fields that differ by an outer rota-
tion. In [11] we have recently proved that applying
the geometric correlation iteratively has the potential
to detect the total rotational misalignment for linear
two-dimensional vector fields. We have further ana-
lyzed its effect on general analytic vector fields and
showed how the rotation can be calculated from their
power series expansions.

So far the exact correction of a three-dimensional
outer rotation could only be achieved in certain spe-
cial cases. In [10] we further prove that apply-
ing the geometric correlation iteratively can detect
the outer rotational misalignment even for arbitrary
three-dimensional vector fields. Thus, we developed
a foundation applicable for image registration, color
image processing and pattern matching. Based on
the theoretical work we have established a new algo-
rithm and tested it on several principle examples.

In [9] we further present the explicit iterative al-
gorithm, and analyze its efficiency for detecting the
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rotational misalignment in the color space of a color
image. The experiments suggest a method for the
acceleration of the algorithm, which has now been
practically tested with great success.

3 Progress in quaternion and
Clifford Fourier transforms

Vector fields can be embedded with great advantage
in a Clifford algebra, which contains the correspond-
ing vector space as a subset. Due to the availabil-
ity of new types of Fourier transformations in the
embedding Clifford algebra, new methods can be es-
tablished for vector field processing. A major new
type of Clifford Fourier transformation relies on the
detailed study [12] of square roots of —1 in Clifford
algebras Cl(p,q), n =p+q.

It is well known that Clifford (geometric) algebra
offers a geometric interpretation for square roots of
—1 in the form of blades that square to minus 1. This
extends to a geometric interpretation of quaternions
as the side face bivectors of a unit cube. System-
atic research has been done [14] on the biquaternion
roots of —1, abandoning the restriction to blades. Bi-
quaternions are isomorphic to the Clifford (geomet-
ric) algebra CI(3,0) of R3. Further research on gen-
eral algebras Cl(p,q) has explicitly derived the ge-
ometric roots of —1 for p + ¢ < 4 [13]. The new
research [12] abandons this dimension limit and uses
the Clifford algebra to matrix algebra isomorphisms
in order to algebraically characterize the continuous
manifolds of square roots of —1 found in the different
types of Clifford algebras, depending on the type of
associated ring (R, H, R?, H2, or C). This allows to
establish explicit computer generated tables of repre-
sentative square roots of —1 for all Clifford algebras
with n = 5,7, and s = 3(mod 4) with the associ-
ated ring C. This includes, e.g., C1(0,5) important
in Clifford analysis, and CI(4,1) which in applica-
tions [7] is at the foundation of conformal geometric
algebra. All these roots of —1 are immediately useful
in the construction of new types of geometric Clifford
Fourier transformations (CFT).

Basically in the kernel of the complex Fourier
transform the imaginary unit j in C (complex num-
bers) is replaced by a square root of —1 in Cl(p,q).
The recent (one-sided) CFT [18] thus obtained gener-
alizes previously known and applied CFTs [15], which
replaced j in C only by blades (usually pseudoscalars)
squaring to —1. A major advantage of real Clifford
algebra CFTs is their completely real geometric in-
terpretation. Established have been so far (left and
right) linearity of the CFT for constant multivec-
tor coefficients in Ci(p,q), translation (x-shift) and
modulation (w-shift) properties, and signal dilations.
The new CFTs have an inversion theorem. The new



CFTs have been applied to vector differentials, par-
tial derivatives, vector derivatives and spatial mo-
ments of signals. Plancherel and Parseval identities
as well as a general convolution theorem have been
derived.

This research has subsequently been extended to
general two-sided CFTs [19], and their properties
(from linearity to convolution) have been studied too.
Two general multivector square roots € Cl(p,q) of
—1 are used both to split multivector signals, and to
construct the left and right CFT kernel factors.

The classical Fourier Mellin transform [21], which
transforms functions f representing, e.g., a gray level
image defined over a compact set of R? has re-
cently been generalized [20] to Hamilton’s quater-
nions. Note that quaternions are isomorphic to
C1(0,2) and to the even subalgebra CI7(3,0). The
quaternionic Fourier Mellin transform (QFMT) ap-
plies to functions f : R? — H, for which |f| is
summable over R} x S! under the measure deTT.
R?* is the multiplicative group of positive and non-
zero real numbers. The properties of the QFMT have
been investigated, similar to the investigation of the
quaternionic Fourier Transform (QFT) in [8]. The
next step of generalization achieved in [22] for the
complex Fourier-Mellin transform is to to Clifford al-
gebra valued signal functions over the domain RP9
taking values in Cl(p,q), n=p+q=2.

The two-sided quaternionic Fourier transforma-
tion (QFT) was introduced and applied in [25]
for the analysis of 2D linear time-invariant partial-
differential systems. In further theoretical investiga-
tions [8] a special split of quaternions was introduced,
then called £split. In the most recent research [23]
this split has been analyzed further, and interpreted
geometrically as an orthogonal 2D planes split (OPS),
and generalized to a freely steerable split of H into
two orthogonal 2D analysis planes. The new general
form of the OPS split allows to find new geomet-
ric interpretations for the action of the QFT on the
signal. The second major new result is a variety of
new steerable forms of the QFT, their geometric in-
terpretation, and for each form, OPS split theorems,
which allow fast and efficient numerical implementa-
tion with standard FFT software.

The increasing demand for Fourier transforms on
geometric algebras (CFTs) has resulted in an increas-
ing variety of new transforms. In [16] we therefore
introduced one single straight forward definition of a
general geometric Fourier transform covering most
versions in the literature (up to 2011/2012). We
showed which constraints are additionally necessary
to obtain certain features like linearity or a shift the-
orem. As a result, we can provide guidelines for the
target-oriented design of yet unconsidered transforms
that fulfill requirements in a specific application con-
text. Furthermore, the standard theorems do not

need to be shown in a slightly different form of every
time a new geometric Fourier transform (CFT) is de-
veloped since they are proved here once and for all.
In further research [17] we extended these results by
a general CFT convolution theorem.

4 Progress in hypercomplex
nonlinear adaptive filtering

A split hypercomplex learning algorithm for the
training of nonlinear finite impulse response adap-
tive filters for the processing of hypercomplex sig-
nals of any dimension has recently been proposed
in [26]. This includes possible applications to vec-
tor signals of any dimension. The derivation of the
algorithm strictly took into account the laws of hy-
percomplex algebra and hypercomplex calculus, some
of which have previously been neglected in existing
learning approaches (e.g. for quaternions). Already
in the case of quaternions it became possible to pre-
dict improvements in performance of hypercomplex
processes. The convergence of the proposed algo-
rithms has been rigorously analyzed.

5 Progress in geometric symme-
try description

In the field of material science, recent research work
[27] explains how, following the representation of 3D
crystallographic space groups in Clifford’s geometric
algebra [28], has made it possible to similarly rep-
resent all 162 so called subperiodic groups of crystal-
lography in Clifford’s geometric algebra. A new com-
pact geometric algebra group representation symbol
has thus been constructed, which allows to read off
the complete set of geometric algebra generators. For
clarity moreover the chosen generators have been
stated explicitly. The subperiodic group symbols are
based on the representation of point groups in ge-
ometric algebra by versors (Clifford products of in-
vertible vectors).

This is yet another indication, that in many fields
the proper way of multiplying vectors is Clifford’s as-
sociative and invertible geometric product. This way
of handling vectors brings many simplifications, new
geometric understanding and opens up new avenues
of research and development.
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Singular Point in the Polar Complex-Valued Neuron

*Tohru Nitta (National Institute of Advanced Industrial Science and Technology, AIST)

Abstract - In this paper, the characteristics of the polar complex-valued neuron model are investi-
gated. The main results are as reported below. The polar complex-valued neuron is unidentifiable.
The plateau phenomenon can occur during learning of the polar complex-valued neuron. Further-
more, it is suggested by computer simulations that a single polar complex-valued neuron has the
following characteristics: (a) When learning is started near the singular point, a mostly greater
than average number of training cycles is required compared with the case in which learning is
started from off the singular point. (b) A plateau can occur during learning. When the weight
is attracted to the singular point, the learning tends to be stuck. (c) There is no over-training
for polar complex-valued neurons. (d) The average learning speed slows as the number of weights
whose initial values are near the singular points increases.

Key Words: Neural network, Singular point, Complex number, Polar coordinate, Plateau
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Table 2: Initial values of amplitude of weight
(Experiment 1). Case 1: Learning is started
from near the singular point. Case 2: Learn-

ing is started from off the singular point.

| [
Zr—A1 || 0.00001
=22 1.0

Table 3: Initial values of phase 6; of weight
wy (Experiment 1).
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Fig. 1: A Learning curve (Training Pattern 1, Case
5). An example of a plateau phenomenon.
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Fig. 2: Transition of the amplitude r; of the weight
wy (Training Pattern 1, Case 5, starting from near
the singular point)
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Fig. 3: Transition of the generalization error
(Training Pattern 1, Case 5, starting from near
the singular point)
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Table 4: Number of training cycles needed to converge (Experiment 1). Case number implies
those presented in Table 3 (the initial value of the phase 6 of the weight w;).

(a) Training pattern 1

[r—2 [ 1 [2[3]4[5 [6]7[8][F9]
Start around the singular
point (r; = 0.00001) 191 [ 66 | 12 | 66 | 192 | 66 | 12 \ 66 | 83.88
Start apart from the
singular point (r; = 1.0) 74 |61 12|61 | 74 | 73|13 \ 73 | 55.13

(b) Training pattern 2

| r—= [ 1[2]3 [4[5]6][7 [8]F]
Start around the singular
point (r; = 0.00001) 30 [ 37119 | 37 | 30 | 37 | 119 \ 37 | 55.75
Start apart from the
singular point (r; =1.0) || 33 | 45| 38 [ 31| 0 |31 | 38 \ 45 | 32.63

(b) Training pattern 3

[r—2 | 1[2]3[4[5[6[7]8][FH |

Start around the singular

point (r; = 0.00001) 37136 |32]33|37]36]|32]33]34.50

Start apart from the

singular point (r; =1.0) || 36 | 31 | 29 | 29 | 32 | 38 | 34 | 35 | 33.00
3%,

Table 5: Test patterns used in the experiment
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Table 6: Training pattern used in the experiment 2

| [ A EE2
INE—2 1
P& 01,0203 ]04]05]05]04]03]02]01]| 1.0
fZAH 0 9 18 | 27 | 36 | 45 | 54 | 63 | 72 | 81 45
INH— 2
RIE 01,0203 ]04]05]05]04]03]02]01]| 1.0
(VAiE| 90 | 99 | 108 | 117 | 126 | 135 | 144 | 153 | 162 | 171 | 135
INHE—13
PR 01102030405 ]05]04]03]02]01]| 1.0
(iG] 180 | 189 | 198 | 207 | 216 | 225 | 234 | 243 | 252 | 261 | 225
INF— 4
PRiE 01,0203 ]04]05]05]04]03]02]01]| 1.0
fZAH 270 | 279 | 288 | 297 | 306 | 315 | 324 | 333 | 342 | 351 | 315

Table 7: Average training cycles needed to converge (Experiment 2). For convenience, 0.00001
is described as 0.

Initial values of the amplitudes of ten weights || Average training
7’1‘7’2‘7’3‘7’4‘7’5‘7”6‘7”7‘7”8‘7”9‘7’10 speed
T (1|11 |1 |1}1]1]1 1 242
O (1|1 |11 |11]1]1 1 245
ojoy1 (111111 1 252
ojoyjo0f1]1]1]1]1|1 1 276
ojoyo0fo0oj1}j1]1]1|1 1 286
Oj]o0|0|O0O]O0O]1T|1]1]|1 1 331
Oojo0y0(0]O0O]O0O]1]1]|1 1 341
Ooj]o0|0lO0O]O0O]O]O0O]1]|1 1 365
0Oj]o0J0l0O]O0O]O]O0O]O0]|1 1 383
0101 0[0O]0|O0O]0|01]O 1 387
Ooj]o0j0[0O]0O|O0O]O0O|O0]|O 0 390
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Complex-Valued Multilayer Perceptron Search
Utilizing Singular Regions of Complex-Valued Parameter Space

3. Satoh and R. Nakano (Chubu University)

Abstract— In the search space of a complex-MLP(J), a complex-valued multilayer perceptron having J
hidden units, there exist flat areas called singular regions, as is the case with a real-MLP. The singular regions
cause serious stagnation of learning, preventing usual search methods from finding an excellent solution.
However, there exist descending paths from the regions since most points in the regions are saddles. This
paper proposes a completely new learning method that does not avoid but makes good use of singular regions
to successively find excellent solutions commensurate with complex-MLP(J). Our preliminary experiments

showed the proposed method worked well.

Key Words:
gular region, Reducibility mapping
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Table 1: CPU time for artificial data 1
J C-BP C-BFGS | C-SSF
1 00:25:34 | 00:00:30 | 00:00:13
2 00:50:48 | 00:00:44 | 00:00:17
3 01:07:34 | 00:01:08 | 00:00:53
4 01:24:28 | 00:02:01 | 00:03:27
5 01:03:45 | 00:02:07 | 00:08:58
6 01:19:03 | 00:03:13 | 00:13:40
total || 06:11:12 | 00:09:43 | 00:27:29
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Fig. 2: Training and test errors for artificial data 1
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Fig. 3: Histograms of Complex-MLP (J = 4) solu-
tions for artificial data 1
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Table 2: CPU time for artificial data 2

J C-BP C-BFGS | C-SSF
1 00:13:23 | 00:00:15 | 00:00:01
2 00:19:29 | 00:00:25 | 00:00:03
3 00:23:26 | 00:00:47 | 00:00:08
4 00:26:34 | 00:01:08 | 00:00:29
5 00:30:24 | 00:01:30 | 00:00:42
6 00:33:01 | 00:01:43 | 00:02:16
7 00:36:24 | 00:02:26 | 00:08:40
8 00:40:23 | 00:02:53 | 00:13:12
9 00:43:34 | 00:04:24 | 00:21:21
10 00:47:42 | 00:05:19 | 00:19:36
11 00:37:58 | 00:04:59 | 00:43:01
12 00:39:58 | 00:06:20 | 01:32:07
13 00:42:41 | 00:07:52 | 01:38:53
14 00:46:46 | 00:08:55 | 01:54:54
total || 08:01:43 | 00:48:57 | 06:55:22
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Fig. 4: Training and test errors for artificial data 2
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Properties of Inverse Estimation by Quaternion Neural Network

*T. Ogawa and T. lura (Takushoku University)

Abstract—Recently, the solution of the inverse problem by a multilayered quaternion neural network has been
proposed. In this study, we examined the properties of the inverse estimation by a quaternion neural network on
the inverse mapping problem in three-dimensional space, in comparison with usual real-valued neural network.
As a result, we showed the advantage of the quaternion neural network in preparation of the training data.
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Table 1 Network parameters

Network NN QNN
Number of input neurons 4 1
Number of hidden neurons 80 20
Number of output neurons 4 1
Training rate & 0.0001 0.0001
Input correcting rate & 0.001 0.001
Max. number of training epoch 10000 10000
Max. number of estimating epoch | 10000 10000
Training error to be attained 0.001 0.001
Estimation error to be attained 0.00001 0.00001

(b)
Fig. 3: Estimated results by (a) NN and (b) QNN,
by training data on the line.



(b)
Fig. 4: Estimated results (a) NN and (b) QNN,
by training data on the plane.

(b)
Fig. 5: Estimated input (a) NN and (b) QNN,
by training data on the 3D grid.
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Associative Memory Model Based on Pattern Orthogonalization
in Higher Dimensional Neural Networks

«H. Nishimura, R. Matsuhisa, T. Isokawa, and N. Matsui (University of Hyogo)

Abstract— Hopfield Neural Network is well known as a simple associative memory model, and has been
applied to the tasks of information processing concerning memory storage and retrieval. As a method of
memory storing, Hebbian learning rule is naively used, but, in general, the rule doesn’t work well when there
exists correlation among the memory patterns. To get through this difficult situation, the modified learning
rules were introduced, such as the pseudo-inverse matrix method and the iterative learning scheme. They
ensure that all patterns become stable, but the computational load considerably increases with the network
size and the number of patterns. Then, in this paper, we propose a new simple method for pattern orthogo-
nalization owing to the degree of freedom in higher dimensional neural networks with complex numbers and
quaternion ones. This method is computationally fast and easy to implement. From the both sides of theory
and simulation, we examine that Hebbian learning rule successfully stores the memory patterns without
adopting the modified learning algorithms in the complex and quaternionic associative memory models.

Key Words: Associative memory, Complex, Quaternion, Higher dimension, Orthogonalization

[ CoIT

SlEMEE R RO EHRIE CET UL L = a—F)L
2w hT—=2 L LUTRYy T T 4 —)VRBIZa—F )L %
D BHISENTWVS. T, oxhay 7y
VLK BB 2a— Y ETINVORIEME (Z2—I)L
Fov M) IR FRIVF—EROMEEEEA L, liEdRE
WIS R — 2 % Z DL 3 )V F— PO R e @ IRREIC
FLEEZ LN EDTHS. LEE WV BEREZ 14
RICBT B MEZEREE UTHRbE g5 T L
HRUIEET, COETIVEEREFNEDTHS. T
LT, TOMHEICHEHLT, S EDHAS REE
MRES O EICEH XN TR ETILE LTHIHE
Ncr.

ISR—VEEDRE Y IV —IL E LTIENY
THBUDEAET B, SOy THITH#TE %8
2 — I DR NER S Z—VICR 5N, MO H
BIFERINE— v EE#HLES ETB Ly FT—
DIRAEN LS LTz & D & IX s 2 IRBE TRIFTZ E IRAE
Elx-oTLES. COMERETZTFRELT, C
NE TNy THNCRD B H65175E (Tay 7 3
VHND BXU, BRFEERAF—L3) BREEI NV
ENTER. LHL, TNHDHEE, RE2—8Y
A RDITHDWATHERD B, FI2IZIRE—VLED
S 129 & TR ORI E OE 2 BRI FHEE Ut
F5EWS XIC, FlE N2 — VOIS TR
HNVEMECHEEMDRELED VST AV Y b
fE5. ThiucH LT, MHBEDOH ZIEERIRE—2 " T
VELINR—VTRAI TR ICEK->THEHR (T
ZL) AEL, TOWT YR LISZR— VTR ENS G
P A X)8Z—2% Hebb QTR oy T — 2139 %
WS AT B F IR R E N Y.

T DI DRIEIE & UTARIMIE T, RECTHRE
NZIEEEEEETIIC K BNy THITIE M TE &
WHIB D H % 82—V B, ~y JRIZAETHT ST &

1

103

1 BT S TEBIc = 2 —T )Ly FOEXRTTE
ERETH. §hbb, HELN)VTRMHEBEDOSH %1
B— VR IEFRR T A — R = F VLX)V TOER
TERE—=VREE LTI, Bz EL 51T BT
ET, Ny THIEHEFELES EWVWSEDTHD. EX
fbkE Nz a—F)b %k MK B EEHMGETT
V50 BRUOTF—R_F VHEBEEETIVT S ICE
WTC, Ny THITORHE X OCHEENIRETH D T L
YIal—ya vEBREELTHRIET 5.
2 HEREREREETIV

T T TlRBEZEAGEE T VI, A ME, B
i, HEEMERSTIHIESENTERHINSEE - 1—n1

VEFUDLHRENS. p BHOBEHE= 21—l
Il 2, ERRTEEE NS,

f(hp(1))
N
Z WpaZq(t) — Op

(1)

hy(t) (2)

CCT, hy &0, FTNETN=a—11 Y p OIEHEN
YBIEEL, 1, & wy, 3TNZN=2—10Y ¢ O
T —a—ay ¢ghb=a—aY p O S E
KT, TINHDNRTA—RIETHEENRTHS. NI
R a—OVETHB.

WEREM LS F L U Tid h = nO + D412 LT
—fic

*ﬂh):f*”(h@%h@)ﬁ—ﬂ“(h@khw)i

THZBNEM, 22T fORAD DH, fO1F R0
DRIEAFT B L VS &R FT LT

f@)::f@)(h@0<+f“)(h@) (3)

PG0009/13/0000-0103 © 2013 SICE



RN BREZ RS % (LI, T ORRGEDREZE A
Ty FEEEEPER). T BT, FNEFNOKTICH
BHHEIEECREE LTid, XAITREINBHE—DRFS
Bz V5.

FOm) = fOu) = sgn(u)
_ 1 for u>0
o —1 for u<0

Tabb, HEEAGEETILTE, —a—1nro
TMEDHEE +1 T72ld —1 DfEZHLD,

zp(t+1) csgn (hy(t))
= sgn (hl(f) (t)) + sgn (hl(f) (t)) i

ERB. FORE, fF=a—na Vi 22 438D
(144,1—4,—1+14,—1—13) DIEEZINS C LIC/x5.
R, TOZa—aYyEFINVEHANTKRY ST 10—V
REILZ Y NI — T ZRERT 5.
NZa—uaruhboilEnsdxy hI—7DIT %)V
F—EHIIRATEZ SN S.

1 N N
=5 D D wpatp(t)zq(t)

p=1g=1

—% (Opxp(t) + 9;96;(15))

E(t)

(e)

T TCalday, =up 2 DEESMRTHY, 2, =
2 — 25 7B, COTINVF—ENEITH BT
HITIE, FEARMEICHE LT wy,y = v, B S 50N
BE5R0. E5IC, HUAE wyy DR (wyy = w),)
I DIEE D (w,g? > o) REBHE, COIILFE—
fEld 2y b T — 7 OIREEZ RIS U THBAD T 5
EMEEIHE N TV .

RIT, TOZY R T =TI LTI E—VEE
BT ANV THIZEET S, n, HORFH N2 —
{&upt (w=1,2,--+,n,) MEXENK, —a—mY
p & q DIEDOFEEREEZRXAICL > TRET 5.

1 & .
= 55 2 e )

TTT &y = )+ €00 (10} € {1,-1}) d708h
INZ—=2 p B33 =a—ay p DIREETHS. TD
NTHEXSNBREHREIL, wpy = w), BXT wy, >0
DM 72Tz 3. Ol (5) KD K DI/ SZ =T
HWIZERMENR D L> TSR 5, £ TOResxt
GURA— (€, ) FBEERREL 15 5.

N
Z §gbvia = 2N0uyw

q=1

Ty B7 Ry H—« FILETHY,

{

(5)

-

o -

1 forp=v
0 forpu#v

Suw

LIEREIND.

104

i

B C
E F

Fig. 1: Target patterns for memory

A

HHRIE—A

N =Ty
| L)

o d
".-I--I
1._.f'.l. =1

Sy LH—R,

ARTEREH I (G} = {00} - (€0 )i

Fig. 2: Target pattern orthogonalization and mapping
to complex number

3 AvJEc&B/I\NZ2—508#

AW ZEAEIEE 7SR LT, JEE320 (FHEE
DH %) flftntB S Z—r Dy TR K Bl Ti%
HAL, ZOREMREZ NS,

3.1 5C8EFE

BRIz sl 8t S 2 — > & LTI, Fig. 11SR9
A~F ZHHT 5. "2—2DP A4 X& LTIE, 1600
Za—uaVIIHIE L 40 x 40 7o TED, B,
FID —1ISHIG LTV 3.

WHEHEHAEETIVTIE, IR x2—i
{Gup) = {65} + {e )i e v, foRO%ERE
EETIVOBEDIERICINA T, BEROEMAAET 5.
COFTIRAEZ N TS0 2— 2 Dl bz K%
CEMAREL T2 %. T DEMRMRAIC DN TRLIZD
MFig. 2 TH 3. KT TlE, $\Z2—2F5 udboic
EETIVT 7\ hOXF R L T05. £7, Gt
LIcORG 2 —2 (KD A) I LT, TV LoN
A—Y Ry ZBEET 5. BRI, MIST 52— VfH
DOETHEALBN, 1x1=1(E-2-H), Ix-1=-1
(H-H—>H), —1x1=-1(H-E>H), -1x-1=1
(H-H—>2)Ths. TOEFICL>TERLSZ—
O WMEREND. TDTUVRLINE—V Ry i
BUSZ—> {1} DFEB { ff,,?,} I, ERIL S E—
O {¢f0) } LT NEN Y 7T 5. Al S5 —
VDI E ORI K > THG SR —2 L7525 DT,
TEDRZ—VEMMEFFE N TV B ez 5. D
¥ (B~F) IZDOWT% R 5 Rr ZHEL, D
BT S.



£ 100 — —

80 T
e
= T
& 40 -
fr

"
® o o
o1 o3 W
: 0.4 0.5 0.6 X T T

2t
Fig. 3: Basin robustness to noise

3.2 BHIAHREMTM

RUEEE N7z A~F Xfhbacshs S — 2 IREEDZEE HIC
DWT ORI 21778 5. FHliik & LTiE, f~reaikie
5 OREEE) 1 2 RS 1212/ A RIS % pfe
(ORZA R R R) ZifND. EBREEE LT, A~F
DEXLTFATH L TH S A R TORM T 50 [T
H5. FFKERZ Fig. 31TRT. A~F LD DT
IKDOWNWTE /A ZAHY0.9 FCTRERINERIZIZIE 100% &
ToTWA., TOEKIIC, WHISZ—EROEZE
ANDR Yy EVFICKBERIC KD, HIHAGETE
T INC BN TERIG SZ— > DEEIRDIABR N5 E
NTWVWaZehbhs.
4 ABESICHGLERZE7OEX

v NT—Z7 TO/REEIE, *v b T—TDNENS
DfES (IHM) ISHELTZEDTHE T EHRETHS.
ARETIVOLGE, YNREESHET 2 IEIRISECR RS0
R— (A~F) ICETZEDDHARTHY, TDOITUH
LAE DRI RS E Nz K GRLEG7 S 2 — > D fE I
BENTVERY. ZTT, SEBERIET %5
INZ— Y DIERITIE C T, ZFHUTHIL Uiz S 2 —2
FHEINLEE O AFREA L, ZOMREN AT
%9,
4.1 BEFE

NS ERTICHBEEINTET VR LI —
(Ro~Rp) DEHREE LRV, ZDH, A~F Ot
ERIEHRIC K > TZENUTIG Ul A~F SHSEc#i/ s 2 —
IRREZ AL T B AR E L /5%, 22T, SNRIER
{2pH(FEE) I X BHEE=EZ (2) XOTEENENL {h,}
WA AZ EICE > TUTFD XS ITHFET 5.

N
ho(t) = Y wqg(t) + 52 (a1 (1) + 2 (1)) (6)

CTT, s3MESDmEZERTINT A—5 (F28K)
TH%. D sz, (a:g) (t) + :cée) (t)z) DILDINA T A
HDAFEIC K 5T {2, } XIS UTeredt S 2 —2 {€,0}
MHEENE kicksd. 5, pBEHO=Z2—1 I
BOWT p HHONRNEZ—=VEHEAT B5HME5 {2} =
{Rup - Oupt DFRTxy, = & WEELIEET DL,
Tp=Rup+ 0,8 THBHDT, TORINIMEEIHI

szp (xéi) (t) + a?ée) (t)z)

$zp (Opp + Ry pt)
s (Ru,p + Ompi)
5€pup

L0, FEITHe Uil S 2 — REN L 1S
MAEREEND. OSSR Ry hT—

105

TIRBEIHE S/ EIT 5 T LI K> TR = a—a DIk
BEMN (€, ) &I MRS S 2 — CiFEE N TV L.
3w NI =TT V& LIRIREED 5 5 F AL,
IRZ—VIRREICHE SN B DI = 2 — 1 VI REED#E
HBNEEEHDNE LD, T T a—a VRERE
LUFD &5 e iE i b HEE T 5.

(o) _ _ 1
prob (zp (t+1)= 1) = T @ m
a=e,1l
() — 1) =1_ i
prob (xp (t+1)= 1) =1 Lte(—BORE ()
a=e,i

CCT, Bt+1)=9B8(t) THYO, v(> 1) FHEIETH
5. [ ORFEZEIMCE > T, 8 — oo TLERUZ sgn
B —8d 5. EXzHWwaTeT, {¢,,} BED
TEHAMEE S THAENTREE 5 5.

4.2 MHREFHM

F9, YEBEE DI s DENTHEIC ED K S I
WHH B0 EFINTz. 2y BT — T DOIREEREHNIE = 2 —
O HOBRER &S 5. FERZEe LT, t =100
F CIIHERIREES Z VT = 2 —1a Y DORIRRER
PUEL, ISt = 105 £ T sgn BECTEH LIRES
BEREES. RTXFRATYy=101,8=100D¢L
FHVEBE B OME s 7 0, 0.2, 1.0, 1.8 DEICERE L
FREDBIGE Dy T — 7 IRREDHER 7% Fig. 4 1R
T. s=1.0 & 1.8 DEFHIIE T RIVF—ED M HF
I U TRRARICINZ — 2V BHIEIC IR > TV E, ¢ =100 L4
F& T A SHISal#/ S 2 — TR L TWA T LD ERT
£%. LML s =0.20D551F, YBESOEELT
WODT, A XISl SZ— B E NI F Abad
FNNZ— LT LES>TWVAS T Ehbh 3.

RIZ, [ARRDZEMT s DffiZz 0.6 5 1.8 £ T
TRIIFEDIST A—& s NOKIFEIT DOV T
%. PEREDRHMEE & L TIX, 7% sfffgicky hT—2
WIHIRBED R 2 T v A% 50 BIERfT L, ZD
IR RINR &I 5. FERE R Fig. 5 O
DTHB. v FT—=T7T A ZXH 1600 (40 x 40) D
A, 5= 1010 FTIEEHVEERIIRMESN TV
D, s MZENXK D KELEBITONTHEERIIR L
BLTWB. %y hT—2H A1 2% 6400 (80 x 80) I
KEL LGS (v =101, B =10 1FZFDEF) I,
s = 1.0 ~ 1.4 OFPH CIEF IS @O IR 2 HERF L
THED, s=1.0~13TE100%EE>TWV3. TD
K2Ry NT—I P A XERELTEHCT LT, M
BRI E L ERB T bbb,

TB, ARTIIEREAGREE T IVOERICONT
DHFELL L TERD, 74 —X=F ViR
EFINCDONTD, Fig. 6 I KB MG8Z— 2V DEAS
RIS 3 2 [AkEOME 2B LT, Fig. 7 O BifnisR
MEENTVS.

5 HbYlc

DL EDOFRERICHE DN, FEL )V THEDOH 58
R—2BTH>TE, —a—J)bxy hO@EmXkefkic
KXo TNy JHIOE ¥ Tal#h B L UHEDITRETH %
TEMEERE N, ThcE->T, Ny 7RIK DL
HETEIE AR S OWEBITTHRESR, B AF— L



= SN

t=0 t=10 t=30

t=40 t=50

nE i

t=60 t=80 t=90 t=100 t=105

Fig. 4: Evolution of network state {xée) (t) - xg) (t)} under external signal A in recalling process

— 8

O\o N
g

8 60

S 140
— Q
" 40 0
(%]

[}

8 20

3 Q)

(%]

0 T T T T T 1
0.6 0.8 1 1.2 14 1.6 1.8
S

Fig. 5: Dependence of recall success rate on external
signal strength in complex case

R8—2R, 1’85—L0,

IRE—UR, RE—y0, / /
mmwmﬂmmm}k

Fig. 6: Target pattern orthogonalization and mapping
to quaternion number

EWVHFEET IV XALZEAT B Linl, BRI
SR & HARGEE TV RO E B ST 7.
SHOMEE LTI, £9, ISIKKERXY FT—
T A X TOMEKINREFHARD T Lic kD, JLHk
IRT A —RZET 100% & 75 % Y A AfEIZ WGEE S %
TEMNTES. R, il Z—FziEel, Zn
IZ K BHEINRT— 2 DF | ZABRTEANDEED LT HE
BIRZ—VEIC OV THETT A T EAEITEN5.
BE Wk

1) J. J. Hopfield. Neural networks and physical systems
with emergent collective computational abilities. Pro-
ceedings of the National Academy of Sciences USA, 79,
8, 2554/2558 (1984).

106

100

7‘“\<\

80

S \\
-

60
(]
= —=—40
o
a 40 —=80
(%]
3
Q 20
> \
%]

0 T T T T T
0.6 0.8 1 1.2 14 1.6 1.8
S

Fig. 7: Dependence of recall success rate on external
signal strength in quaternionic case

2) L. Personnaz, I. Guyon, and G. Dreyfus. Collective
Computational Properties of Neural Networks: New
Learning Mechanisms. Phys. Rev. A, 34, 4217/4228
(1986).

S. Diederich and M. Opper. Learning of Correlated
Patterns in Spin-Glass Networks by Local Learning
Rules. Phys. Rev. Lett., 58, 949/952 (1987).

M. Oku, T. Makino, and K. Aihara. Pseudo-
orthogonalization of memory patterns for associa-
tive memory. IEEE Transactions on Neural Net-
works and Learning Systems, in press (2013),
DOI:10.1109/TNNLS.2013.2268542.

A. Hirose, editor. Complex-Valued Neural Networks:
Theories and Application, volume 5 of Innovative Intel-
ligence. World Scientific Publishing, Singapore (2003).

T. Nitta, editor. Complex-Valued Neural Networks:
Utilizing High-Dimensional Parameters. Information
Science Reference, Hershey, New York (2009).

M. Yoshida, Y. Kuroe, and T. Mori. Models of
Hopfield-type Quaternion Neural Networks and Their
Energy Functions. International Journal of Neural Sys-
tems, 15, 1-2, 129/135 (2005).

T. Isokawa, H. Nishimura, N.Kamiura, and N.Matsui.
Associative Memory in Quaternionic Hopfield Neural

Network. International Journal of Neural Systems, 18,
2, 135/145 (2008).






	表紙
	奥付
	空白
	はしがき2013-1
	目次page
	空白
	procCI03
	1sice_ci_2013_hasuike
	2sice_ci_2013_handa
	3sice_ci_2013_hanada
	4sice_ci_2013_kushida
	5sice_ci_2013_uchitane
	6sice_ci_2013_takahama
	7sice_ci_2013_taduke
	8sice_ci_2013_iima
	9sice_ci_2013_yanou
	10sice_ci_2013_nishiguchi
	11sice_ci_2013_miyazaki
	12sice_ci_2013_honda
	13sice_ci_2013_nakashima
	14sice_ci-2013_seki
	15sice_ci_2013_suzuki
	16sice_ci_2013_isokawa
	17sice_ci_2013_hitzer
	18sice_ci_2013_nitta_new
	19sice_ci_2013_nakano_new
	20sice_ci_2013_ogawa
	21sice_ci_2013_Nishimura

	空白


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




