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Subjective Evaluation Tests on Comfortableness of Living Space
by Color Controllable OLED Lighting System

Motoshi Tanaka ~ and Katsutoshi Saito"

Abstract
In order to create a novel comfortable space with a lighting system, a system with color tunable OLED (Or-

ganic Light-Emitting Diode) modules was produced, and the effect of color light in a living space was discussed by

subjective evaluation tests. A smart lighting system consisted of the lighting, audio device of forest sound, and

aroma diffuser was prepared for experiments at an institution for the aged people. The effect of addition of sound

and aroma, color of the lighting, and circadian rhythm light was subjectively evaluated. Results indicated that sub-

jects would feel better by the addition of sound and aroma to the color lighting, and warm colors and green (inter-

mediate) colors were preferred.
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(a) OLED lighting A
Fig.1

(b) OLED lighting B

Color lightings for the experiments.
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Fig.2 Experimental conditions.

Table 1  Questionnaire in Exp. la-Ic.
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(c) Exp. Ic in January (20 subjects)
Fig.3 MOS (Mean Opinion Score) when adding
forest sound (S) and aroma (A) to color lighting
(L) in order.
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Fig.5 Comparison by gender in Exp. Ia.
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Fig.8 Scale for opinion test (questionnaire).
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A Pitch Extraction of Percussion Sound by Generalized Harmonic Analysis
with Twelve-Tone Equal Temperament

Motoshi Tanaka""

Abstract
Humans often recognize someone's footsteps, though the footstep sound contains many noise and partial tone

components. Also, the high and low of footsteps can sometimes be recognized, which indicates the footsteps have a

pitch. It may be similar to drum and percussion sound. In this paper, a pitch extraction of those percussion sounds

was discussed by GHA (Generalized Harmonic Analysis) with twelve-tone equal temperament. And each pitch of

the sound was subjectively evaluated by 4 subjects. In results, the pitch felt by subjects was included in frequency

components extracted by the GHA.
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Fig.1 Example of the result (Snare Drum).
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Fig.2 Time-frequency characteristics of High Tom.

Table 1 Extracted and subjectively evaluated pitch.

MO | EHO | BEHO | EBIRHE
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INAH D G G E F*
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n— A ct A* A* A*
K G G F G"
NRD T G* E E D
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(4) Goto, M., Hashiguchi, H., Nishimura, T. and Oka, R.
(2003) : RWC Music Database: Music Genre Database and
Musical Instrument Sound Database, Proc. ISMIR2003, pp.
229-330.
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Improving Performances of Three-Stage Clos Switch Networks, Part I
- Back Ground and Scope of the Study -

Hitoshi Obara” and Koloko Labson”"

Abstract
Since C. Clos published his seminal work on three-stage switching networks in 1953, the Clos architecture has

offered a most practical and efficient design solution for implementing large-scale switching networks to date.

There are a great number of published articles applying the Clos architecture to space switches, time-division

multiplexed switches, packet/ATM switches, optical switches, among others. However, to our knowledge, there are

very few researches aiming to improve performances of the Clos architecture itself. In this paper we give out some

redundancy in the Clos architecture for the first time, e.g. idle ports left unused, and examine some techniques to

enhance its performances by using the redundancy. Although this paper focuses on the back ground and scope of the

study, we fix our research goals and briefly discuss possible techniques in this paper. Our new design principles of

the Clos networks will appear elsewhere in the near future.

1. [XC®HIC

OB OMRTHD (A4 vF ] (LLF, SW &
W) &k, BIAIXEIER LD X S IS EOIMA
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On Primitive Words and Context-Free Languages

Ryoma Sin’ya**

Abstract
Primitive word is a word that can not be represented by any repetition of shorter words. Since every non-
empty word is a repetition of the unique primitive word, primitive words play an important role in combinatorics
on words. In this article, we explain a long-standing open problem called “primitive words conjecture” which

has a deep connection with the theory of context-free languages.

1 LI

JFIGFEE I A LD VRO R L] TRRSNLVEE (XTFOFWRF) OZ L Th DL (IEMERERITRK
HilZTIT))., EEOFEEIHAFEMGFEDOHRIBRLE LT—RIIHMT AL TE, Z9) Vo tBR TR
550)1@??0’:}5 T%*iﬁ(@l VBERETHY, ERITHHMTH 20 FICHENEE 2R > T 5.

FASHHER BT [HLFEOES (Bif) PREDOSHIEIET 200 ?] Lvio ZfEHOMED
Libiﬁ%ﬂﬂ%k&%._;T@r%%®§%ﬁjk@ﬁ%ﬁm%éwiﬁﬁ%&ﬁﬁdﬁ%%Oﬁﬁﬁﬁ
AEZEBRO G L S, I E L L Tid Chomsky DR IZB 1) 2 IEHISE (regular languages), SCIR
HH S (context-free languages), IRUATF S 7E (context-sensitive languages) % EDEAZEIT H 5. '}ﬁ
T S35 (recursively enumerable language) £ Tfro TL F 9 & [H 2iEDEADIFMII T HSFEIC
TH0EID? (THDLEIRETETH L2 & (FHOERE,LHT 5 <‘:) EXEHEHmE V) X %)ufféiEﬁﬁ
iVIZzsb0Bbis, 2O THIRICRABSHEE, EICB0 2 REEE (ZEHAROM L % 5%
B) 0o O T LR H 2 EDTE, MBEWEHELOPFEN TV LIEELSHETHL. HOW LMY
PHEWNEETH A IEHISFEL ZR 2D, WIRAHSET (S ECEEEHE T &) % OMEIJER
RECTHY, FIHEMICIIHEm O L 2270 b B BEMRH L HF-> T\ 5.

A CIIERGEEEROEE EURB B EEISH S 5 H% % Domosi-Horvath-Ito FRIZOW TR, ZhF
TOWRIZB T B TEANOWLOPDT 70 —F R4 R%OFEIIO W THFZ1T ). Domosi-Horvath-Ito 7
BICHT AT 70 —F 13 KH 5000, KETIIIFICSHEOFEBECMEICEEL /-7 Fu—FI12o
V\THX D L5, Hid 2 BTIIEIEE L UREHSEDER Z 1TV Domosi-Horvath-Ito FH % €L 5.

W THRIGFEDES L EERIREHESEORICOVWTER 2TV, 4 BICTRGEOERITT T 2EE L
D@Q&@ﬁ%w WTRRARORE LT 5.

2 ERIBFEOCEE EXREBHERE

EAEFHERICBWT, WTFEFLRBIZETEVWAREGDO I L Z2EL, WTEGOERZ L FLIFLR, D
B, Z8ARFICHFEEGERT. XTFEG A LOFEL T AR T 5305 ai 2 AREIENZH D araz - - - an

2018 4 8 JJ 10 Hs#
KRR BB T AR e RO - BRI R R o — |

Mathematical Science Course, Akita University Graduate School of Engineering Science.
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THh. TR LWIHBEAEEZLIENTE, 290D u=a1-a;,v=>0b1--b; DiEFu-vidu
&v%ﬂ]ﬁ’\f_%@%i‘?@‘.

u-véal---aibl---bj. (1)
Haw F n HEELREY " TET. 121 aaa = o® Tabab = (ab)®? TH 5. fFw=a1---a, DPEEH
|lw| TET ! |w|=n. e TREH0DFE (25E) £ 7. ABTA2LTHPOMESNLELETOESEY AT TF
T. ALOERHLR A OMGEGOI L 2T, Tabb LC A" Lhh LeS5ihes. EEO2O0F
i L, M O#EZ LT O X ) IZFE0ERE © BARICIR L TERT 5 !
L-ME{weA" |ueLuve M} (2)
LKL, L™ CTERE L O n oo

=

L2y L"&L.L"! (3)

ul

239, ik L IZX L TZF® Kleene i@ L

TEHRT S, AREROSHzETER, NES, #EDS LU Kleene WM U 72/ D SREE © IEHI S 5%
EIfA.

2.1 [R1REE
T 2.1 (FIERE). A LofEw e A* PHFIEETH L L1, w L VHEVEOR)ELTRELN VI L

FEOue A" ZowTw=u"=n=1 (5)

ZErE). ALOETORIBEDOHESET Qa THRT.
Bl 2 1L 7E abbab \3RIGHITH 5%, abbabb = (abb)? \ZFIEHITIE AV, F72, fhw OESHER p O%E
X a? L) OFEEZ W THEIBI E 2 5 .

TEOFEH p 122V T AP NQa = AP\ {a’ | a € A}. (6)

 AEEOIEZE w e A*(jw| > 1) ICBEHFE u L BAE > 1 OXTHF—EIFEL w = u” 2D
HASH

2.2 XAkEHEFE

2 (CIREHSCE). SOREHECEEE, CFEs A L
o BHEALIFIEND A L ELARESV
o SEIHHI LT 2B S5C V x (VU A)*
o MHIEKEITNA SV
PHBS 40H G = (V,A, S, 8) Tha.
3 (CCIRE S ). CREBCHE G = (V, A, 5, 8) 3% 3 2 53 [G] % MW S 4 5 #iHI
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B OREHERBEA X cXo Tl END A LOSEL LTEET .

[G] & {we A" |5 E*w) (7)

S LATIRAME I, L=[G] &% 5 XREMEEGAGET L2 E%2E .
TR AMEFHOMBI 2 E LTIk, Ay ={(,)} EORDTHE Gp #EFOENEE27 .

Gp = ({S}, A=1{()}, > =1{(5,2), (5 (5)5)}, 5). (8)
W Gp Lo THERENLELLT
S5 (8)S 5 (£)S = )(8)S = 0(€)S = 00 = 00E)S = 000 =000 (9)

EDNH D, BEMIZIE [D] FEROHIEAE LA LN TWLEOEAETH L. 5B, FITHW 255K ()
ERFEALZWE ) ICKFEOFER () #HVTWw2. [D] & Dyck S#f & I, IEHISFETIE AW 2530k E H
S CHAPIE LTRENLFHELL-> TV,

2.3 Domosi-Horvath-lto F%8

JEhGEE & UIREHEREDERD T H 5720 T, AR THEH T 5 Domosi-Horvath-Ito TRz LT IR~ L5 .
F48 (Domosi-Horvéth-Ito). A A2 DU EDLF 2 &G (#A>2) L &, ETORBHEOES Qa 3TRHE
HTlE %\,

COTROIHNI [HHFENHLEHRHEIBES 2] L) BEomBe GhEmd L IR, B SEHEERIC
IS E G EO I AL RS E N ENDSFEHEIZ OV T WL O NS 5. #id 3 ZETIIREHE AW
72REBEE: (Chomsky-Schiitzenberger DEHE) %, #fA D 4 B TIEHE D R LIS % W 725EEE (R ey
JHiE) LA R EEE AR AT 5.

THEROMITH % Domosi, Horvath, Ito 5 1991 F D3 (4) 76, JEMGEE & IREHSE ST 20198
DRl S 5N TV L DB TRIFERTH 5.

HWE 2.1. ADPH—DOUT a DAEUGGE (A={a}) F, EFLD

Qay = {a} (10)

Lo TLE) 20, THIEIMHLPITTUREABERRE OUE G = ({S},{a}, {(S,a)},S) DERE) L% 5.

w WIRIGFETH 20 ) D OHER, FAMNE w ODETOEDEEE: (w =uv (Jul,|v] > 1) &% 5% u) I3 L
TZOMYB LA w & —HTH0E) e HETIUIRV. 207290 w A Qa IZET 50 L) »OHEITHIZ
HIHTHETRETH 5720, Qa PWUREKAFSFHETHL Z LIZHHTH 5.

3 RIAFECEBRERXAREHEE

FIAFEDEEHPRAHSFEL? &) DICOWVTIRE R FRTH 275, LIRHHSEL D b RIS
7 IATHLEERIRAHSETIE 2V EPHISNTYS (XK (5) » 8.3 Ex &MY L), RETI,
MAOFEH L 3D LiES 0BT (AT D 5 0%) FIGEDOE GV IERIURAH TR W L 2/RT72ODT
AT7A4TRBHELIZVER ) TTEIRBRUREHSEHEOER (BLUZNILELHER) »HBXL ).
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3.1 EEBRAKBEAHEE & Chomsky-Schiitzenberger O E
T 3.1 (B/EMH). OREBCE G = (V, A, 2, 8) sibal L i3 ko /et b ) %g (VUA* x
(VUA)* ICHKICHIET 2 2 LA CE 5,

BN {(uXw,vvwnle A" v,w e (VUA)*'X € V such that X LN v}. (11)

left

U F R ABAIC G IR udb v PRAEETAEES.

left

T 3.2 COIRE B L M), SUREBCE G = (V, A, R, 2 S EERTH 2 L1, {£EO w e [G] |2

DVT 8§ ¥ &4 BRI ME—IEET B L TH D, ThDOLEED we [G] IS LT

i By L L, S w (12)

w1 n
left left left left left

EhbneNEw, - ,w, € VUA) DPME—FETHILEEE).
YHREHSHE L 2V EERCH L L 1E, L= [G] &% 2EERLRABXEGPHFETLIILEEE ). X
IREMSRE L 2P AEMICEIRTH 2 L1, L=[G] &% 2MERACIRABE: G PFEELEVWIEEE).
Bl 2 \LETET TR L7z Dyck Sib % BB 5 30

Gp = ({5}7{(7)}7 {(S, 5)7 ((S)S)},S) (13)
TEEWETH L (EBRICIEIEEE LR 2 HWTRT) 25, FH L Dyck SfEx A8 2 KDLk
Gp = ({5}7 {(7 )}7 —R_> = {(Sv‘€>7 (S7 SS)? (Sv (S))},S) (14)

BB THS. 58%D, Gp CBVWTIEFZIE () LV IFEIHLT

R R R R B
S left 55 left (5)8 left (€)§ ot (e)e = (), (15)

R R R R

left SS left ES left E(S) left 6(6) - () (16)

EV) BB 2 0DREENHNIVFAST 2720 TH 5.

[& 2 SHEPEERREHSETZV] LV BEMELRT200m ) 5ER L LT, S0z LITH
BAHK B RO #L 7 Chomsky-Schiitzenberger DEHH D 5 .
T 3.3 (Mx LB EIEE). SELICOWT, 20K EIFHE# T, N - N &

Lr(n) & #{w € L||w| =n}=#(LNA") (17)
TERSNDBHUTHS. F7f L I12oWT

ZI‘L(n)zn (18)

n>0

TEFRSIND 1 EROAEBRBMEE L OB LTS,
E3E 3.1 (Chomsky-Schiitzenberger(3)). MBI B H S5O BERBUICHBI L.
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CIZTEHIRBME LR, H2HEERE 2 ZHBLHN P(x,y) DR
P(z,F)=0 (19)

Ehb F=F(x)DZLxEKT.
Dyck Sif#% fiVv» T Chomsky-Schiitzenberger E# O BRG] 2 L CTA L 9. Dyck 5abld HEREBR 7 S0

Gp = ({ShAG)}L = = {(S.2). (S, ()9}, 9) (20)

TEBEND 720, Dyck SEFHOMA LIFBIEIIEM L ) ARBEBICAE 5133 TH b, Dyck Sif D = [Gp]
DIRMOBIAEFTHHE L THhL L

I'p(0) = #{c} =1, (21)
I'p(2) =#{0} =1, (22)
I'p(4) =#{(0)00} =2, (23)
I'n(6) = #{((0)), (00). (0O, 0(0), 000} =5, (24)
I'n(8) = #{(((0))), ((O0)). (1)), (D) O, (D)), (OO, (OD)O; (25)
(O))(0), (D)YOO, O((0)), OCOO), OO, OOCD), OO0} = 14.
DD, D ORISR
Fp(z) = 1-v1-42° V2122_4’Z2 (26)
ELTERTILENPTES. %, Fp(z) & 2 =0T Tyalor Bi$ 5 &
Fp(z) = 1=vi-47 ”;ZQ_ 2 + 22422 +52°0 41425 - (27)

b, 2t OFEE To(n) OEAF—LTVa I Easbh s, MR CIRE M S RO ™Mb Y 12D
VT, L DEEL Ik (7) 2BV E v,

3.2 FRIGFEDES DAEEERE

AROFETHERZEBY, FEEGEOMFICBITSL “EH 0L )RR THDH. OIEEEDES
Qa 22V TROME

TEOER p 1220V T APNQu = AP\ {a’ | a € A}. (28)

MY IO & ZliR7z. ZOWEETCIC, Qa KA LEEEZMATCEREDHK VT 2EZ L VHEHFICL TAHAL
9. Qa L 1XFO2MELED#Y B LA %25 LTFHES {a" | a € A,n > 2} OHOHES Q) -

Q, 24\ (QaU{a"|ac An>2}) (29)

IZOWTEZTAL., FEOERE n =ay(z,y > 1) IS LTRSD n OIFFELHE (lw] =2 %5 w IZH L
TwY) 3L, Fp G L TIEE (28) 225 QaU{a" |[a € A,n > 2} RS p DETOFEEEL120,
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Q) D%z FITRI%KIE
F@(n) =0 & n=1%F72En3ELK (30)

EVCOME AT ENb,L, 0F) Q) O FTHEBOBEEOEAT (1 280 I LERVT) Ese
hE—FT50TH%.

M F(z) =Y 0 yenz" I2BWT, B¥c, 250 £ %% n & F OFERMEFY, WEREKRDESE Z (F)
LELCZEICLEY. HAHOEED 7 5 AIZBWTIX, ZO Taylor EH F(z) DIEEEOES Z (F) 73%%
BOIOERME 52 2 EAMBNT VRS,

EFE 3.4 (AMNES). B ce,d> 01220 T {en+d|n> 0} DIETHIT 5 BRBEOES *SEEKG| LI
A, BARBOSELBS OF RN FEES L IFA.

HWE 3.1. FOERTIE, BREc=0DHAELFLTNE7D 1 HES {d} 3EEEN LY, Lo TEED
HREE N EGE 5.

I 3.2 (Skolem-Mahler-Lech (it (1) 2284 X)), HHEK f(2) © Taylor BEROHKEDOES Z (f)
(EVEREIDESTR

3 L 72 Chomsky-Schiitzenberger O g2 &, HEMEM SR HHSREO BB KK L 2 5. EEF
BRXREHSEEENSHELOMIBVWTHLTWS720, b L Q4 PEBKIKRBEHSHETHNIE
Qs =QauU{a” |ace An>2} b ({a" |a€ An > 2} PIEAISETHV, BEKRXIRAHSHEIZIE
HISFE L OOV TH L TV A 720) MERIIRBEHASHEE 20, MBEBTECBTHLETWS
720 Q) OREBOABERELLETTHL. — 5 Q, DHETOERFIFBREKRTH 5 -0 FHNES
2o v (FRIERED D, SOICEROEAFIEREOEERIZEE VD). T/, Lk
L 7z Skolem-Mabhler-Lech DB O EH] (H BB OH K I EMES) 2 UEEEICE T—Kkib+ 5 2
LHATENE, Q) OBEBONETICET S LROEELS Qu ORTWREREE RT I ENTE S,
Skolem-Mahler-Lech @B D — b2 > Wi, REBEEEZEGILAVEK Y 7 A v/ 3y 7)) 2o
W Bell 5 (2) 259 2 - & T—BALICOVWTHII L T 5. el —BLIZOW TS HROMET
5.

4 PEEMZ & RE

A CIRETEOEEDEEREICOVWTORFHEITo72. LiL, HFLOFPHETHL [HTEOEEIL
IREHSETIR 2] KRR TH L. IREHSEO R — IR 2 ) 155 720 (UL (7) 23
M L), EEEIREHSEICBT S Chomsky-Schiitzenberger O EH O X 9 % [HREMEIIT T 550 %
BE| BRIFT0B L), THOBREKNEIZL TWLEKRNO 1 25TH 5.

F72, THOMBIAZREIZL T AMOKRKE LTI TREOEED [FEFITKEV] 2B Fons, 2
ZTE) [FEEICKRE V] OFRBETHAT L, BEEMICIZ [ETHECDFELED] LEXTOLWE
V. UIRAHSEOGREMEICHWONLEEL LTIROEXH LRV THiENS 5.

HWHE 4.1 (RrEryrwE). TEOXIREHSE LIS LT, 5HREp > 1 25FHEL, |ul >p LR 51T
BOue A" 3 u=rvwryz EROFEHEZWZT v,w,x,y,2 € A IZHHRTE5

(D)|w| + |y| > 1 (2)|wzy| <p (3) EEDOHKE i >0 122V T vw'zy'z € L (31)

RUVE UV IIHEOBE L, BEMEONRELLEHEICEOFIVEIEGIN TV LW LT LW,
L OLEHELPEFICLLOBEED (= KEW) GBS, RYEVIIHEOSHTRIES NS R E &M
(zy'z € L for all i > 0) DKV LR T B b0 TH A, £, BREROEAIR Y EV rfliETERSNS
WEEWI2T 720, REY I HWTTFREZRTILETELRVOTHL, RE Y IHiEICIISEFESE
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BIENHHD5, Qaldl & TEL ENLOMEE PN CHDTH S (FEL LK (5) 0 4 TAEBHE L),
5T, TITAEBEETHRARL [Qa BIEFICKEV] OBF®REFHTLILICLES. SHBHL O “KEEY
FMAREE LT [TV FLIEALZEN L IIBT D] 2KT

u(L) = lim £E0AD

VLR LIILIES S (W) & [k L OMWE] L8). FEHEOES Qa [0V TIIME (28) 775k
DLD728,

lin; sup —# (E?;Lj;ln)

THhoHIENVHHPIITRE LD, EBRICIE L DM@ 2T 2T u@Qa)=12R$IEPTEE. £9
WO Z2ERT Qi lE [FEFICKEV] OTHE. ZOMIZD, (a"(n#2) LWVIHIED 1 DOLFOMY KL%
B ) @ TOE 2 DORIARED#EZ I TE L, 20

—1 (33)

Qi =A"\{d" [n#2a€A} (34)

WY DEV) T L L bhoT (LMK (6) BN, TIWVo2EKTH Qa3 RERERALERS.

RYEY B L D) BEME ST LHMAOELTIE, PHEMBRT LI LI DOMBTHREEZ &
Bbhs., 4BOBELLT, QaDLH)BLREILEEFHIIBVWTOAHZ, GEmElld T 5EEZHET 54
EDHDHLEBIEZEZTVD, FHIINECTERSEICBITAMELToTHB Y, WE 1 OF:E (= FEFIC
KEVEE) ICHTL2ROEOBEGEDOEEZFHE L .

EIE 4.1 (Ot (7) #2WE L), A LOTEHISRE LIS LT, ROSMAIEIE

1. DA 1 (WD) =1)

2. HhiEwe A" BHEELT A wA* C L
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OOEE| 2T 572013 HE 1 OREHSFHEIONT 28 4.1 OIRICOVWTHIZEZ#ED TV T L
BEETH), ZZORETH 5.
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