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Products of Cantor sets
Yuki Takahashi

Assistant Professor, Department of Mathematics

1. Cantor sets and thickness
A compact, perfect and nowhere dense set is called a Cantor set.

ExampPLE 1.1. In the figure below, the set

K = ﬁOKn

is called the middle-1/3 Cantor set.

Ky :
Ky :
Ky: —— _ - -
Ky: — — — = - — - —
Ky: -- -- R R — R —
K :

For any Cantor set K C R, one can assign a value called thickness. For example, the thickness
of the middle 1/3-Cantor set is 1. From below we denote the thickness of a Cantor set K by 7(K).
Motivated by the study of homoclinic bifurcations, Newhouse showed the following so-called Gap
Lemma in [2].

LEMMA 1.1 (Gap Lemma). Let Ky, Ko C R be Cantor sets with 7(K1)7(K2) = 1. Then, if
neither K1 nor Ky lies in a complementary domain of the other, the set K1 N Ky contains at least
one element.

The following theorem is a direct consequence of the Gap Lemma.

THEOREM 1.1. Let K, Ky be Cantor sets with 7(K1)7(K2) > 1. Assume that the size of the
largest gap of Ky (resp. Ka) is not greater than the diameter of Ko (resp. K1). Then Ky + Ky is

an interval.



2. Products of two Cantor sets
For a Cantor set K, we denote
Ky =Kn(0,00) and K_ = —(K N (—00,0)).

We say that a Cantor set K is a

(i) 0-Cantor set if Ki,K_ #0, inf Ky =0 and inf K_ = 0;
(i) 0F-Cantor set if min K = 0.

Motivated by questions on the spectral theory (see [4]), in [3] I considered products of two
Cantor sets, and obtained the following results:

THEOREM 2.1 (Theorem 1.2 in [3]).
(i) Let K1, Ko be 0T -Cantor sets. Then the set Ky - Ky is an interval if

27’(K1)+1 27’(K2)+1
Ko) > ———5— K1)z ———
T(K?) (K12 or T(Ky) (Ky)?
(ii) Let My, My > 0 be real numbers with
My +1 My +1
My < M12 and M, < M22

Then there exist 0T -Cantor sets K1, Ky such that 7(K1) = My, 7(K3) = My and K1 - Ko
is a disjoint union of {0} and countably many closed intervals.

THEOREM 2.2 (Theorem 1.3 in [3]).
(i) Let Ky be a 0T -Cantor set and Ks be a 0-Cantor set. Then the set K - Ky is an interval

if

2T(K1) + 1
Ko) > —————.

T2

(ii) Let My, Ms > 0 be real numbers with
M, +1
M. .
2 < M12

Then there exist a 07 -Cantor set K1 and a 0-Cantor set Ky such that 7(Ki) = M,
T7(K32) = Ms and K - K is a disjoint union of {0} and countably many closed intervals.

THEOREM 2.3 (Theorem 1.4 in [3]).
(i) Let K1, Ko be 0-Cantor sets. Then, if

2(7(Ky1) + 1)(7(K2) + 1) < (7(K1)7(K3) — 1)%,

the set K1 - Ko is an interval.
(ii) Let My, Ms > 0 be such that

2(My + 1) (Mg + 1) > (My M, — 1)2.

Then, there exist 0-Cantor sets Ky, Ko such that 7(K;) = My, 7(K3) = Ms and Ky - K»
is a disjoint union of two intervals.
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THEOREM 2.4 (Theorem 1.5 in [3]). Let My > My > 0. Then if
M3 +3Ms + 1 (2M; 4 1)?
M3 M3 ’
there exist 0-Cantor sets K1, Ko such that 7(K1) = My, 7(K3) = My and Ky - Ky is a disjoint
union of {0} and countably many intervals.

M1< TM2<

3. Products of n > 3 Cantor sets
From below we assume that A is a finite set with |A| > 2. The following lemma is immediate.

LEMMA 3.1. Let a; >0 (i € A). Then there exist unique C; € (0,00] (i € A) that satisfies

1+aq 1+ ap a;
e Mer g( +1+Ci)

We call the above C; (i € A) the critical values associated to a; (i € A).

REMARK 3.1. If |A| = 2, one can express C; (i € A) explicitly by a; (¢ € A). Namely, we have
1 1
Cy = L7 Co = %_
ajaz — 1 aras — 1
Relying on the machineries in [1] and [3], I obtained the following results:

THEOREM 3.1.
(i) Assume that K; (i € A) are 0T -Cantor sets. Let C; (i € A) be the critical values associated
toT(K;) (i € A). If there exists i € A such that C; < 7(K;), the set [ ], 5 K; is an interval.
(ii) Let M; >0 (i € A), and let C; (i € A) be the associated critical values. Assume that C; >
7(K;) (i € A). Then there exist 0T -Cantor sets K; (i € A) such that 7(K;) = M; (i € A)
and [[;cp K is a disjoint union of {0} and countably many closed intervals.

THEOREM 3.2.
(i) Let K; (i € A) be 0-Cantor sets. Let C; (i € A) be the critical values associated to
T(K;) (i € A). Assume that C; < 7(K;) (i € A).
(ia) Assume that |A| € 2N. Then the set [[;c K; is an interval if

€A
(ib) Assume that |A| € 2N +1. Then the set [ ], K is an interval if there erists ig € A
such that
ieA~{io} + G
(ii) Let M; > 0 (i € A), and let C; (i € A) be the associated critical values. Assume that
C; < M; (Z € A)
(ila) Assume that |A| € 2N. Then, if

HiMi_Ci <1
icA 1+C

there exist 0-Cantor sets K; (i € A) such that 7(K;) = M; and the set [[,c) K is a
disjoint union of two closed intervals.



(iib) Assume that |A| € 2N+ 1. Then, if

11 MGy
1 .
ieA~{io} +Ci
for allig € A, there exist 0-Cantor sets K; (i € A) such that 7(K;) = M; and the set
[Lica Ki is a disjoint union of two closed intervals.

For C, M > 0, define 7(¢,ar) > 0 by

M2
1+3M

. M?
(2) Ty =C+/C1+C+ M) if C< o

THEOREM 3.3. Let M; > 0 (i € A). Assume that there exist C;, N; > 0 (i € A) such that the
following holds:
(i) C; (i € A) are the critical values associated to N; (i € A);
(11) T(Cy,N;) = MZ (Z S A)
Then there exist 0-Cantor sets K; (i € A) such that 7(K;) = M; and [],c, K; is a disjoint union
of {0} and countably many closed intervals.

(1) T(C,M)ZM lf C}
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Control of devastating root parasitic weed

Kl Rk (Kaori YONEYAMA)
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Root parasitic weeds cause devastating damage to agricultural production all around the
world. The seeds of root parasitic weeds germinate only when they are exposed to germination-
inducing chemicals, mainly strigolactones, released from the roots of any plant species. Here, I would like
to introduce the control methods for root parasitic weed, ‘trap crop’ and ‘suicidal germination’, which
takes advantage of their unique germination mechanism.

1. IRFEME LT

MR FFARERIIIE F & 7 A OEY ORI HF
EL, BARSEES TEET H2MEMETH
Do, MEMBRRFAMREIL, Striga B L
Orobanche (Orobanche ¥ 3. OY Phelipanche &)
W HIVD, Striga ITEVEHIIRIC oA L, &
WCHAEH (f 3, hUERI Y VLT A,
FrUXRERE) EEEETL, —.
Orobanche I3 HFEH N BIRH £ CTIA 9Af L,
WAFERS (~ A, b~ b Ev T URRY)
\ZHAET D, Striga \Z L HHEIXT 7V B OR
BRI S5 — "> TEY, W
NTUFEOT 7 U A FEETIEER 1 IR
BISEEPNH WD EHESNLTWD,
Orobanche JEIZIHYL S v AT, 1991 4R
OREIC L D & #ihifERFEESmT U7
72T 1,600 75 ha EHEE S A, HARODE L
F£3,779 7 ha DB L EHGIc b bz | 1KY
S (X BAE HIER LT T\ D, BARTIL,
BEOFRINTBMAFFIC L > TR BIA
FNT=DTZA S Orobanche minor 73] )IH 72
CICEZELTWVLDONRBEIND DD, H
SEo T BEREITRE STV ey, L L,
HIERIRBELRC 7 1 — S AL OHEITIZ A 5 Bk
WERBEENTHY . TOIFEITH AR
Lo TBIEN BB Th D, FREM % ith
[E 2> 5 OB AIKTE L T BBk A B BT 5

11

&L RFAEMEEIC XD RA 7 R E IR,
FEOKETIHFES LR,

xf

2. B IRIREFAMEOEFRFAD
= A

Fef% 0.2mm F2E OWU N R T A HE R OFE T
T, BIFITHLEREE LB TE LT, %
3 2, 3 BUNIZIE EORIIBATE 20 &
KL CLE D, EE~OFREMLLS LTAER
TEXRUMBH MR L > Tk, BT
B INFENE BT T e ORI T H 573, M
EZRFEIFIL L2V, 18 EHEYORN L WS
DRI E % 5 U s EOAFAE %
RBITHEHET D &\ D IR TG 2 & o
TW5, REMRFEFREDERA Y FTF
7 b THY 1960 FARUZT A U I EBE D
T N—FIZ K5 T Striga DREFREWE & L
T Strigol 23 HLRfE - fIERE S A7 [1], BAE,
Strigol FHEMANA MY T 7 h LRI
%X 212720 | BIE T 40 FELL Eo A Y
277 N UDBMEERE STV D,

3. ARV IETZ 7 b

T ) VEE7R & OISR DN KR Z T D &
ARNYIZT 7 MO EBREICRET S
2173, WREAMEE D= DOIZHUW L T B bIT
TR, ANV ITT7 UL, 7T—RAF



= 7 —ER (AMEOTE Fidiks 7 v e L
THERET 2 [3]o AM B IL, 18 FHEWIC ) ik
&&@ﬁwﬁﬂ%ﬁﬁﬁé& %65, FEk
D 90%iT < & HAERRE RS, T72bbh
AM [ & DAEZRRIET D DI D
ANV IZ 7 Mok MEAMENEZTAR
DIFEEEIMT 5 7 e LCTRIAT 5 &
kL b D EEZBND, EDE, A
N IZ 7 Rk, O EEES g
P AR AR LT & L COREDE S )
a7z [4, 5],

4.+ vy 77 uy STk 5 BRREFE
B ) kR

RF MR X D E 2 BT 572D DO
BEDOEDIZ, T T v 71EY (trap crops) | D
HERHDH, ZHE, BELIERLRVEY
RS L. WEAMEORE PRI T 2FHE
TLHEWIHETHD, Tk, FHE
2, 3 HEAPICAEZE L C L& 5 RFFAMERTE
DODHEFEHFEFECE, MM TZ2E6T 2
ERHREL 72 %,

A XRHEN T D Striga D6, T
RIARX, Tyt A, BT ED~ AF
TED N7 v T E L TR TH D Z &R
RS IVTUN D, Orobanche 1345 £ A < |
HIEF L R EMORKIINETH 578, H
TEHIIIFE LR, T4 LFX (Hordeum
vulgare)l %, Hi-13EHIT Orobanche DfE E1T1%
72 572N, Striga DEAERIGTIL B 578, Striga
ITEVE S A B DTkt L 2 AX IXIRG1EY
Th v, EFHIEA B LoD iARmIC
WHE RS Z &,

F—=ALZVT, KR=F R, A ZVTD
W N—T A FLXDARN) TT T b
A B GRS DRI 6 L O 0 i UTEPEA R D

12

RIEICET HAMEEIT> TWODIBET, 44
LAXDO LT T 7y LTORMAEICR
SE . FOREEMICOWTHRIETAZ L2 L

77

5. ZF ALAXBHBWTHARNIITT S
k> DREE
FALXNGWTHARIITT T hiT

WTITELERER 2o Tefed, ETARY
277 NDRENBITS T2, EDFEERRSY
& L T 6-epi-heliolactone & . barleylactone ({i
FR:BL1 B L UVBL2) &5 2 FEDHTHL SL %
[ L7c, 240 HHHL SL OREEREIZ DUV T
X, BEHRE T2 TFETH D,

250 a—1 v/ EMFE (Golden Promise 33
X O Sebastian) & 1 2D HAFELFE (3=
TA4) &V URZEMNT TR L, fifEk
28 H, 34 H, 39 H, BLUV 44 HIZERIL 72
TR D3RI DN T | 6-epi-heliolactone, BL1,
BL2 % %422 LC-MS/MS 4341 247 o 7= (K 1)
FTARTOZUWNRY > 7 /AZEBW T, BL1 D&
(T LC-MS/MS 12 X DR HIRFAARmM TH -7,
6-epi-heliolactone 5 TN BL2 O 4yibiid, #%
BERAICHIIN L 722Y, ZHITEITHR DA 4
VADIMZEDbDEEZBND, 3 OO
i fE O H1ClE, Golden Promise 23 & i L ~L
DSL WL TnLEIICRZ T b, BA
DMFETHH Y 2T AL, T—1 v/ Tl
LT SL OpENVR Wl TH S Z
Lot

6. IRA AR TR HEEME
iR 44 HITERELL7Z 3 MFEO A A L%
R DR UWARIZ KX D O. minor 3 X P
ramosa T \Zxt 9 5 FEHFHETEME LT~ &
A, F—r N NmfiEd Sebastian ¥ L



Golden Promise DR/ IAHE L, A ASFETH 5
TaryIA4E0 s, O minor X P ramosa
(2T B8 FFHEIEMED @ WMEINIC B o T

(X 2), (o3 2 AR AR O 7 3
ETEME I ERAFRIIEIN L7223 0. minor |
L TCImRETOREERRBD LN, O.
minor OFEAF1EX, P ramosa OFEAITHAT,
A I OIRGFWIRN /T 2 M3 R0
Wk o Thotz,

P. ramosa

107 =1

o 51 By Hsbiiac tone Oz84 Barleyviacions 2

g i Owa 2] #

2F 1 | FIE] 1 i I

é e 3 | “x‘; i

;

e E b L] - 2| i

gy 1 . . ﬁ 11 !

3 L v o 00 14 3

e Shunral  Sebassan Golden Shumrai Sebastan Golden
Promise Prommse

B1 ARV IT7 b EORRZEL

g Cvabanche mes!

! . b l oo oo |
y v:” e Lt“ -l
o f ool <l o ol P ]

& el -

1 dd days after sowing (ogukmiant G50 kL

B 2. Ri= HIE ORFEMERLI S5
FEIF I

7.AM FEAE RIS X UM EEE Sy vk
D Hg

KBERZFMT TRy MG LT 2T
A . Sebastian, Golden Promise @ 3 fnff(Z-D\>
TAM AR Z G L 72 & Z A Sebastian 73
RbmWIERZRL, Y274 PR bBIK
WEEARZIR LT (3),

PR 28 HIB LM 44 BT T o5&l A
Lic& 24, #ifs 28 AR CILAFEM T4y

13

FOBRICHBERZTR LN RN TN,
Sebastian 35 & OF Golden Promise (%, #5fE% 44
HIFR T2 74 L0 bHEHNICHEEIZS
SOpFo%%wRm Ll (K4), £lovar T
AL 28 Hind 44 B ORITIT DI L

727/ 7278, Sebastian 3 L T8 Golden Promise
T Z ORI T S50 2 i L 7=,
28d . 44 d
- |
- = h a
Eé b o b
28 4 a{D
E o
3-!—'
=z 3 24 2 4
N =
@ I I I o L
S 5 g8 : 5 g8
5 n —E 5 n DE
= g o P £ E o 2
w o o ol o Do
w w

X 3. AM /AR LU AM LA DR

A B
w40
_E 2
Be 30 ab
=
g8 2
o=
=5 10
[=]
(% CI
2 @ B9
w g Qo
oy
X 4. 35 o%k

8. HRIC

A A LX (Hordeumvulgare) 1%, =2 L%, b
vEBRAY, A RIROTHRT 4 FHICE
ERBUEN TH D, A4 LFIIEMET T
TlONCHEE LS, SUETIIR YT BT
R %LT§<@H~HyN%EEMot%
BRI IR IR L 3T LT D, b
DO TIX, Orobanche ¥ X O Phelipanche 7




WA BEREVE TR e E A 726 LT
%, ABFFETIX, 2 DO F—1 v SEFEA,
Orobanche ¥5 X O Phelipanche 3 ¥ DFE 15 3
EHRSFHE L, 230 AM i & O34 bR
LZElinb, AL N7 vy TEMERMTH S
ZEPRMEESNTL, FRC, BAREY 2T A
XV b, 33— v RPED Sebastian 5 LW
Golden Promise /553, AM 343355 X O 4y
ML | IREAEMERTE 76 2 R
HYEMED @2 Sebastian 35 XY Golden
Promise (X, & VAXFEAE C L D ZULTRRE W
AR FHE N ATRE & IR D ATREE DN B 2 B
%o 1212 L, BIGICRT 2 ERNZIGH A
DHESLIZIT S B2 DMABBETH D,

*Z ZCHEH LTV A1 Inoue et al. Barley is
a potential trap crop for root parasitic broomrape
weeds. J. Pestic. Sci. 49 (4), 255-261, 2024 £ ¥
il (ML D FF AT 245 TREHT)

e
WIFEBIRCZ 15 0 F L 7 AR A B i R B [
(ZJESHLE L BT £,

S E IR

[1] CE. Cook, LP. Whichard, B. Turner, ME. Wall, GH.
Egley: Germination of witchweed isolation and
properties of a potent stimulant. Science 154, 1189-
1190 (1966)

[2] K. Yoneyama: How do strigolactones ameliorate
nutrient deficiencies in plants? Cold Spring Harb.
Perspect. Biol. 11, 2034686 (2019)

[3] K. Akiyama, K. Matsuzaki and H. Hayashi: Plant

sesquiterpenes induce hyphal branching in
arbuscular mycorrhizal fungi. Nature 435, 824-827
(2005)

[4] V. Gomez-Roldan, S. Fermas, P. B. Brewer, V. Puech-
Pages, E. A. Dun, J. P. Pillot, F. Letisse, R. Matusova,
S. Danoun, J. C. Portais, H. Bouwmeester, G. Bécard,
C. A. Beveridge, C. Rameau and S. F. Rochange:
Strigolactone inhibition of shoot branching. Nature

14

455, 189-194 (2008)

[SIM. Umehara, A. Hanada, S. Yoshida, K. Akiyama, T.
Arite, N. Takeda-Kamiya, H. Magome, Y. Kamiya,
K. Shirasu, K. Yoneyama, J. Kyozuka and S.
Yamaguchi: Inhibition of shoot branching by new
terpenoid plant hormones. Nature 455, 195-200
(2008)



RACKT DI I EREAFORE

BAY HHT

(Moeko KANAYA)

PLTZAZERE  BhE (KIS 0 7T L)

AT SRR O 270 b FHE B ORR N
WCHIRS DL EBINRBIGTHY , ZD%
BRI - A P LR Ry SR
Bl ELHERIRF PG T2 2 ERFmbT
W5, BFRCHER LTS L DM - ERD
HIEIX, A OMEZED AR 2 kT 5 HE R
BWHEDO—DLBEZLNTNWD, £, AL
A7 NS 1 % T S & AR, AL ¥
3T EOMIRAT T NI X DR N A
WHEFEENEE->TWD, AFEEX, 2501
T2 DOVEFE « 2 b L RIRE « EROMAE
VERNZHE S %2 T TRWESEMER OPE IS
T HHEMT A AT u L ORE | A
AL A b L A B & 2 NIBE ~ D

BT VR AR ORISR OMERE

M~ 7 2281 HIEMEEIF ORIEIC BT 5
T Ml ORFHIR R A2 B 51, & 4 D5
BRT —~ %08 U C. I8 Al EIAR 0O BRAR 2 1%
WHZ EEEME LT,

1. BYESIEMERERE DR 5 5
EHIT A RAT v DR

1.1 BRyE 5k

&R I 3 TIRME TRIER D EmU & W
IMENRDHY, TO—HE L TRETRRD
PEARLE Y (METITEMERLVE S THD TR
fa 7y HECERBMALELCTHDET VR
vy OREND D, EEFEICBV T, K
K72 CTRHEAEZRT S THLIHAEMICE
TR O—ETHLTANATRSD
—WPED WA E L D, ARFERRTIEL, BrEM

15

DOHff~ 7 AT A NAT R ERETH &
T BN IT 2 RIEVEIRSUEA E D K
BT 2 & Tl Lz, ~ 7 AD%M L
TZAL~ Y U ERES L, ERITEZ &

52 LT, TARNAT O OGNE R
BUSOHEZEFERRIC 5 2 2 B Z P Lz Lz,

1.2 R LFRE
FAEMCT A AT 2R Lz~
AT, BRI AR~ U UK
T8 (RRICEE M) 23k & RIS £ CIRT
L. MERFAT O RIEVEFETR O 58 & A3 A IR
STz, B HF R CIIMEEITR D b
T, ZOEBIMCEKT D Z EOURIE S
ice ETo. HEAKEEPHIK HE R0 AR IR
B & o TR IENC B -9 % e T oo e
RIGEN L, 7 A hAT B G2 X0 RN
WD EMBHER ST, 2D DFRERDG |
FAESOT A N AT v TR MO
Z AR LR TE RS D TR DS R S Te, —
75 C, S (T 7 v 7' U 7) #hig
DEAVIXEREANIIAD RITE G L2 AThe
BRI, SRITARIVE > O]
RZBEROFEENREE 125,

2. fEERIBAER P L AREEE T
PIigRE ~ D5
2.1 By LG
R A N L AR N O RIE -
RS BALE L TWD 0, ZOMIEA T =X A
IRMAZR RN LZ N, RERTIE, v T R



10 HFOHERRAEA kLA (chronic social CSDS ME#E-PLX FflX CSDS Mg ﬁ'ﬁﬁik
defeat stress, CSDS) Z Mg L. HEAGEGILE s LT, ISR ORI EVEERD S

(colorectal distension) HIN & B8 0 UL 546 < Nolz (CSDS I L 2WNlEm oEALEZ I /1
TUTFBIZF v o BATERo72) (M4),
L7 L. CSDS Bi#E-PLX HEIXFENR R0 2R
EDOMICHENRL, FERE- BT R L

(abdominal withdrawal reflex, AWR A 2 7) %
FERE & L CNNEIR O R i & PN o BIE

Rl Lo, & BT, PligRE B 2 K
fi R =T AR CSDS Wgifz-18 7 RO T L~ & TilE
& R Mz 2

70 TG BAR TR O A 2 fifbT LT, ACC I2BITA 7Y 77#&}1@@1%/-\!2/73‘%173)@ C.

Hez

MAT, 27u 7 Y7 2B S EIoREICE e oI 55 LU 5 afReiE 28 R X
WTCSDS #5-%2, AMLVACLDAIRE  fiz, —H T, OMEROE SISV TY

ZHETCHENILE S D 0TI, FATHRRETHE SN TR Y 2 b L AR
FIBH 4 & PO D FEHEBR A DB, E 72 ACC

22 $EE L A DIruZYTE ACC ORI E o REE
CSDS IR~ ¥ 2 CIF. BB ~c  WCOVTIERMITHD, A%, BT

CEIE RIS ” K4 AWR R O TN 720N SDS FEBRSC, SDS IZ L » THE LT D

22 FE L. NEEBREARE LS (K 1), ACC ##EHife % & e EIIRIZ OV THRFT 5
F7-. & AWR A 27 O SZ 4 i/ Nl TETH A,

JEIZOWT ., CSDS BECHEICHBIMEAET R I ity

Ui (). pLERy i g e g 2 0 e
AR U AN A T S5 LA ﬂﬂﬂ Tul ™ ﬂ“ﬂﬂ
Lo, £72. 2707 Y7 OHE (.ﬁﬂﬂ 5_%‘h ﬂ |

ZAL % sholl FRATIC L > TRIANTZE 25,0 gy mimmdsi~n c0s 0BE  E 2 MEHEIE~D 0SS DS
CSDSiZ&k B ACCDI 7 a7 U7 OIEMAD

00
0

Fsns ({3, Lsl, 3787070 - thondemasd £ oo
BHELORIEWE B TERRREE R |, @ﬁfﬁ 3 o

F-4 = L THIBND CSFIR - TLR4 - IRFS - s {' i 8 I 3 200

IRFS8 *Mapkl4 *P2rx4 @ mRNA FHL &% CSDS e ;?'; v
ko TR L Ao, E7o, MBI E e sl -

B3.0S0S [k % ACC DI 4 A5 Y 7 DL
YD LB SN DHURTERELEE - MK

ERFIKAE « RETOZICBITSI7m
7Y 7 OB BESN oty 37 o
0y T EMBSEAEBIC, PLX39TT A L L ﬂﬂ ﬁ

AW seoha P reeshoid

B TR OB 21T - 7=, FERRTE- @ R,
FERREZE-PLX B, CSDS HEi#E-mH &k, CSDS
BREE-PLX REDE 4 BEZ1ERLL 7=, s

M4 207 ) THREICEDNBRADZE

16



3. AL FTUMROERRIEICI T
LM

HH L Hik

FRIR FERSMAIEF (lateral hypothalamus, LHA)
ICRTET B4 Lo Uikt HERORE,
BRATEHHZT TR EREEICLES T 5
EENDM, FOERRICIS T D HEZERMEE
é:ié%@ﬁtﬁ%lﬁgﬁ>:éﬂfb%M¥
RIS TIE, BHRERERET L E LTH
JEJEA~D ARV~ U SR L, PRI
IZxt3 % LHA A L& v AR ROEMELE -
Fos #HBUZ LV ER L7=, MMZ T, LHA 234
$9 % I KGE JE P IK B8 (periaqueductal
gray, PAG) BLUOHEHIZBIT A4 L X%
BER1B L2 O mRNA BB &L U T L4 A
LPCRICEVER L, SHIZ, ALF v
TR D P BRAE B 2 So SRR L PO A )
BE U MERERT 35 K OWEE ) CGRIB AT - 5615
B 1Tk DFERITOW TN LT,

32 FEHRLHE

F U o AR X, MRS K OWE
AN KA REBI I e o T2, AL F v A
TRAREFS 1 D c-Fos FEBILRTERIL, HED
FRFERMOMEL Y @tz (K5), —
J5 T, LHA O L& 3 Uik OFRE e Th 5
PAG (Z331F 2 MR sriE (T MEREZZ 1372 <. WL
KEHETHLIFHIZB T O LF 2R
K1 & 2 O mRNA BBL&IZ HMEEAEIT R0 -
72 £z, EHLBICBWTHMHEREIC L2
bRO LN hoTe, TDID, ALF v
PR DTS HEALIZHEZEDMFIET D AR R &
M=y, Z DOIFRTINGEEE D A TIHRHERCZ A
REIEF L b LiZen, F7o, RE
BRI IRTEME DS BN L 72 A L 36 o AR A

ZIZEH LTV RHTH Y | EERIC

17

D RAMEZED B D 2 B FERET X TR,
SthiE, WATHE M L—H =R EERA LA
VXU rinb O EDRBRICHEZEDFIET DD,
F I RBEORFIEICA L& 2 R0 OB
PG LTZRED | RIEMERIRATEN O 2L %
HeFs JOMEREMCRulE L7z w,

B

ﬁ.

43888

1e

i

i

I

2 ——— 2 l
A XAmw 2dem

k.

A

B 5 REMEMBH T4 LFL omEERLnrE

4.2 IE ORI BT 2 TR OR
R R REE
4.1 B L HHE

e~ D 2B TIEL, ZHLETOMEND

FiZI 7 v 7 ) T NEEERICEGT 5L X
nNTWs, —5T, BIEERET MVERDE
HOFH% 14 BED T MifaxBHEZ ~ h T
X, EEBEAEE L Wizt WG L H
0 ABYEETR ORIER] LR IR 5T 5
TN B 72 5 ATREME S RIZ STV D,
T I TARERTIE, B~ v ADOBRMEERET
Jb (SNI T /V) 128\ T, ik o wis
FOEMIC, I 707V T7HERTHH I/
A7V, BHNT T MIRARERN LT 540
CD4 fitlk & = E il G- & IEEN i 5
L. &R 31T 2 &M B % von Frey test (2
&0 L7z,



42 FEFRLHE

2P A 7Y O, IR - %R
DNTIUZBNT ORI T v 7 =7 &%
L7z, — T, PiCD4 HilhkoH b L 598
JRFEFIL, B BEHICBVTORED B,
MO G TIIRN R S Rnole, T
LOFERND | M~ v AT DB TR O
FIEMZIE, BIEHIEI 7 a7 ) 70, MEFF
NI TSNS L COW A ATREEN & 5,
SHOBELE LTE, #RHNCR T 5
WO 7 a7 U 7IHES T MlaoRMEEEs
EBEIENT T2 LI2X 0, ZnEhos
RIS ED X S ITEIRICBE S LT\ ok
HONMCT B2 EnETF b5,

EiL33

FE2FEHICBEELTYH, AFR=EOIH
—HRHFRIIIA X — L LTEL DT E %
B0 E L, HEIXVIENIONBSEEZNT T
W e EbiT, RRIEER AL T
SHRIELBTEE L, EEHHP L L
FET,

18




I
SF0 6 FEE

T=aT7 b Ty IHED

Ay

g -

R






iR BT TER B

(BB TR - B

"

—

3

o o b
E3d

2017 4 5 A: Ph.D. in Mathematics (University of

California, Irvine)

lSums and products of Cantor sets and separable
two-dimensional quasicrystal models ]

iEiward
Spectral theory, dynamical systems and fractal geom-
etry

(W52 D N E)
This year I conducted research mainly on Iterated
Function Systems with inverses and on products of

Cantor sets.
(1) Iterated Function Systems with inverses:

A finite collection of strictly contractive maps on
R is called an Iterated Function System (IFS). Let
® = {¢;}icr be an IFS and p = (p;)ics be a prob-
ability vector. It is well-known that there exists a
unique Borel probability measure v on R, called the

invariant measure, such that

v=> pi-div,

icl

where ¢;v is the push-forward of v under the map
o : R—R.

In [4], T considered Iterated Function Systems
that have inverse maps, and showed that the invari-

ant measure of an IFS with inverses agrees with a

A 2410 H 1 HAER)

21

self-similar measure of a graph-directed IFS. My pre-
vious works about IFS with inverses follow directly

from this result.
(2) Products of Cantor sets:

Compact, perfect and nowhere dense sets are
called Cantor sets. For any Cantor set K C R, one
can assign a real value called thickness. For example,
thickness of the middle-1/3 Cantor set is 1. By the
so-called Newhouse Gap Lemma, a sum of two Can-
tor sets contain an interval, if the product of thickness
is greater than 1. Using the above result, in 2017 I
obtained the optimal estimates in terms of thickness
that guarantees that the products of two Cantor sets
contain an interval.

This year I extended the above result. Namely,
I considered products of n > 3 Cantor sets, and ob-
tained the optimal estimates that guarantees that the

products of those Cantor sets contain an interval.
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