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4. [WAPLEl, 77 —2 AL T, KM, EZAEY (2023) NMF—HR2obET ALY
LEER DT U AZEMAT L0  BENT T U AOSEMEIZBET 5 ERFE RO
ARSI, AR FHEFRE 47 FFES

5. Wk, KMaLE, &)1, (RAHEHET (2023) MEHURE ] ~OBki % B L7 1K
MREDE 2 7] OFLEFRET L EEE F 105 MEEREK - BHREEMNE (HFH) ke
RREEHE, 468 : AT A .

&# 1 [T—2VAI VR0 8— HiR]

O AwHE PR
1. Memoryless quasi-Newton methods based on the spectral-scaling Broyden family
for Riemanian optimization,
Yasushi Narushima, Shummin Nakayama, Masashi Takemura and Hiroshi Yabe,
Journal of Optimization Theory and Applications, 197 (2023), pp.639-664.
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2. Inexact proximal DC Newton-type method for nonconvex composite functions,
Shummin Nakayama, Yasushi Narushima and Hiroshi Yabe,
Computational Optimization and Applications, 87 (2023), pp.611-640.

@ G
1. Proximal structured quasi-Newton method for nonlinear least squares with
nonsmooth regularizer,
PLFRR, RRESRESE ., SRR
The 10th International Congress on Industrial and Applied Mathematics
(ICIAM2023).
FRRBHEKY, BAl, HAR, 202348 H 21 H. (HEESH)
2. Nonmonotone proximal structured quasi-Newton methods based on the Broyden
family,
AR HESE . HLZRE, R
The Third Pacific Optimization Conference,
Sunway Resort Hotel, Kuala Lumpur, Malaysia, 2023 4= 12 A 10 H. (EBE&E)
3. WAl & 2 0 JE — HERK —
FNHULN
R OBGR & 7 VT Y XA KRR AR D FFHTEE DLV 2023,
BUR KT, 2023 4E 5 H 20 H. (FAFF#EDH)
4. %15t Broyden ARIZEAS Wz = 20— b AT HE AL 15 O RIA I M
RAEPIE, FILZRR, BOR RS,
LFEFFE (BT [BEAE L - Pam & 2 . nUE R BB T JE T, 2023 4F 8
H 29 H.
5. #i&{l Broyden AXJEIZHAS W= o — F ARG REARCE,
PLFRR, RERESE ., SRHBIE,
AA OR &, BAWEFFERFEE Ly iy o/ A, 202349 H 14 H.
6. PRRFAICKTT D ICT 208 DR « ) Fr) E i,
FrHER], K, SEBEC-. REE. ADZEBRIR (LR, I, SRR,
DARBTE—, EHIIEE,
R ICT e 2028 FEEAERRE, A hRERZHES . 2023412 1 15 .
7. B ROE G 6 D Som e B 2 - T N A,
IAEEE  RAERTH, EK%E%EE
HAIS A 225 20 [IRFFEfandE SRR R MEINFH K5, 2024 423 H 4 H.
8. ##1E{t Broyden ZAzUjkl _%Ob\f:%1~ N BT ABRLE O JR P RIBORME
PLZRR, RESRER, %ﬁﬂ’@
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fiw oy +AEBRSE FRIEF S A (2028346 H 6 H)

RFEFH I E S A (202346 H 20 H)

JEMETE KA SA (202347 H 4 H)
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fb%#H WEIIETIA (202348 A1 H)
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HERAEmBTE ARG S A (2023411 A 21 H)
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BRI — Rt s A (202441 A 2 B)
MR RIS A (202441 H 16 H)
B e S A (202441 A 30 H)
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8. BRHEBEWMR LU —FRHAICLSHRGEN
8-1. 2023 £EFHHE
ok ET
2023 ATV E LICHIEICE L T, FRIZ, LUTF O 2R S EE S L £,

1. FKILdeA & o33 [Treks into Intuitive Geometry | O 2 it (&ETHR) % BEE - 1ERL,
WE L ETOMEL R LT TICRRLET

(a) In the new Chapter2: Not only polyhedral and dihedra tile-makers presented in the
first edition, but also closed surface tile-makers by Stefan Langerman and Andrew
Winslow are fully explained in the present book. A detailed explanation of the ways of
making tiles from closed surface tile-makers is also given, so that readers can enjoy
making more and various odd tiles from tile-makers for themselves. And the proof for
polyhedral tile-makers was done via the Stamper theorem in the first edition, but the
technique "Star-cutting" enables us to directly prove it without using the Stamper

theorem.

(b) In the new Chapter3: In the new sections (for closed surface tile-makers) of Chapter2,
we used Mobius strip and torus in order to study the closed surfaces, so we decided to
newly establish this chapter for playing with Mobius strips and tori, that is, in this
chapter we introduce the latest theorems for interlocking, or knots of rings, created
from conjoined rings, or Mobius strips derived from the famous brain-teasers in puzzule
books.

(c) In the new Chapter5: In Chapter4 of the first edition, we mainly explained reversible
pairs of figures that are obtained by "drawing a pair of inscribed regions method",
devised from scrutinizing the Haberdasher's puzzule by Henry E.Dudeney. After the
first edition was published, the fact "Any pair of non-crossing nets of every polyhedron
1s reversible" was shown, and the converse was also proved. By proving these two facts,
the theory of reversible figures was almost fully explained. These facts also identify the
true character of a pair of figures in Haberdasher's puzzle, which is illustrated in the
present book. In the second edition, we tried to show the whole evolution of this theory
by making use of as many figures as possible, from the envelope magic (i.e., the level of
enjoying a simple magic of reversible figures) to the final theorems, via several
discoveries. We hope the readers enjoy observing and discovering facts one by one,
progressing little by little in the theory of reversible figures. Furthermore, the
superimposition method has been known as one of a few techniques to find pairs of
reversible figures, and this book makes clear the conditions under which the

superimposition-method works well. Still more, in the beginning of this chapter, we give
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the illustrative explanation for the famous result in general hinge-transformation
theory by T.Abbot, Z.Abel, D.Charlton, E.Demaine, M.Demaine, and S.Kominers, taking
the pair of figures in Haberdasher's puzzle as an example.

(d) In the new Chapter6: One big progress during these six years is to reveal the
connection among the Tile-maker theorem, Reversible figures theorem and foldings.
Conway tiles are embodied in such connections. We newly established this chapter,
which exclusively features the Conway tiles, so that the readers may experience the real

pleasure of the fusion of theories which were thought to be independent from each other.

2. @ [Determination of all graphs whose eccentric graphs are clusters] % J.Akiyama,
T.Kodate &IEFTHEL, 77 7HGROEBEHEMFRICHEM L E Lz, ZOMFROBZEZ L
T, EXTRLET

A disconnected graph G is called a cluster if G is not union of 1-factors but union of
complete graphs of order at least two. J.Akiyama, K.Ando, and D.Avis showed in
Lemma 2.1 of "Eccentric Graphs (Discrete Mathematics. 56,No.1, page 1-6, 1985) that G
is ezui-eccentric if its eccentric graph is a cluster or union of 1-factors. And they aksi
characterized all graphs whose eccentric graphs are complete graphs and union of
1-factors in the above paper. In our paper, we determined all graphs whose eccentric

graphs are clusters, which is an extension of the Lemma 2.1 in the above paper.
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1 RRL®IC

FKETNFEO—FHCEYFZNAYTaFal =23y UTce. £F5) EVIDORHL, WL
O DORENZRIEOTLEROIC, BVOEHOILE 2 EZ T 2hPhOESH 2T 2 0%
W, fRIZ 3 DDOREFIEZAFOTEAIZAE L Tz 2 4ud, E#Fd 2o E=AFE#R- 7k
FEMEELTWL . WEROEEL, (IFEE) <« (H&E) = (k<) 2w i#s ARtk
Ehal, EHWZ 2, nRlEcBY 22— b OEFARERIC q(t) =c+ o) (g—c) WD
R2ERALCHET 2, o@t) T2 /R L qicBd 2 RoREuTEIc T
HTED, cold. ZORBARRNEM > TEREDEEICOWTEZ TWLHETH 2,

c.c. DIREIZ, 4 F—0 3EERRE (1767) 2 TSP aDE=ZAWR (1772) 77, —2—
b OEENAREA R T 3 DOREMEG LI EL 2B A4 F— (1707-1783) DEHE TR
L. 279 >»¥a (1736-1813) RFAIIMATIEZAOTESIZ 3ERVEST 2 2 RLE, %
W OE=MAEREZISH L THER IR 0N b a v EIREh 3/ hREO—HTH 5, KB, K2,
FRYHESE=MERZRL, ThERoEFZ2hEThOEIZHITITWS, 1910 FITFE—L T
> (1872-1952) B4 A4 7 =D 3MIC L 3 EMELIR L, n FERBOFEL R L, ZhhEH
DMRDERICHR->TWVS, LTI TEED AT TONEDHEREREMT LW,

AFHE2HTRELI T—brary 74 Fal—ayOERHER 1) %, H3HT
k4 -Me OFEAZ, FAHTRZIOAEADLHED X5 ITEM | 2BV OMEL ARG,
BB LR VD RICHTATWERE TS X3 RNFIC LD, SICBAITHEL TWa 0k
FEAmEEEONE e THAS, L HFMRNEERD B0, 1< HRTEDMF TPositive
Mass of k + [-Moulton Configuration®% &2 L T\ 272 & 720,

VIR, BrE~ 2 FLRRE ¢ T2 MMD 32 Z e T ehn s,
203, q() ISR BMTEARY v, c iEFROFD, (1) T X BERMBEE, qid Ty bLEET,

3Yoshimi, N.: Positive Mass of k + [-Moulton Configuration. Celestial Mechanics and Dynamical Astronomy,

Springer
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2 k+1E=IIb>YOAVITIa4FaL—3Yy

B PYHBEEHLEZEDH, n FEHEEEE—IL OV T ¥ 2L —2 3> (Moulton con-
figuration, B F, M.c. £ 3 53) &FHER, EFEZINEF->THALLMEK+1 TN +>OY T 1
Fal—>3ary (UF, k+i-Mce &T3) 2R, $hbb, 91D EHORENEY P70
Y74FXalb—rareRiEOCERLCEEXhTVWS 2 T5, ZOER IO [ HOXEE
MZ B, EAFFICH R REEMZAUE, 2E0F Y 2R R0 DIHDHD kEEOREREHIZ
BENT 20, HEVIEANTATICHRT L ZEPBETE S, B ZOWDHO Lk EKDILE L Z D
BEed BRI HRCIRENZZ M, BIELTTELES I N, ZANEENTE
T %,
ZHUZRL T, I Dk + 1B FOBETROZ EBHLMITR > T2,
center of Aq,...,Ax

® o—e—--- = - ® ra

A By A M Ak B

center 0fA1 ,...,Ak,B1 ,...,B;

1: k +1 Moulton configuration

EE 1 IDIc5A6N0k kED Me 120 LT,
() I <k+10%E, BEEOOK. DML KR TOHEENER TH B2 PF
TEL.
(i) kT oshZzhzhoXEicmz oh a5, BATIATHD,
(i) MA BNz I HOMEZEREZR -EIZRED, 2020 2%5l0b DL RiRg,
k41 M 32T (k+ Dk(k— 1) (k+2 - 1) @D H 5,
() I =k+1DHE, BRELOOBDIZNICESIEDE, 2EDMAsN  ROEENETIET
BB IEDFIE L
(i) ZOBLEIE, PDICEL IR kLKL BEISMAR | BB THREALZDDDATH D,
(i) MEBNF I EDZRZhOMBEI—EITRE D,
(iii) ZhZhOEBRIIF AT A =& 1 >0 tflT 5,

() BEXoofficB TNz s 2 RIEDRAEIZ, k+1TH53,

ZZTES NEE¥e) id M/ hota) 2 vws 2T, HUROMD KA TRIRICE &
Pz e z2fad, Bl KL X THIBROERIZ 30 H D 1 TH D, HEROE & KIZD
HENCHERNIFT IRV, 20X RIGEOEERYrE LTS,

HEYuOFOHE, MRBFEOKAFEEEL 2P TELZ0TIRRVL EBET 20, T2 0
WITERDZH D, ZORKEZE+1TH S, BELRS, UIDIEZONERED L FIZL > TR
Yoid k+1 OZFREFNDORENCET 2D, 272 1 K267, ot 4.1.2 TAAT 3,
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—7., BENSELRAMII=k+1 DEETH 2, 1D k41 X D/NAE e 22 ZORIZEFTE
L7\, %8726, EOHROBOTFEIIE. b+ 1 DRBORTUTHLRREZMA 2 2 L BHE
EHEEPBE, DFED, RTORMII—RTFOMAS L &2, ZOEROSTHIETH S Z LHFF
ENd, L. I E+1 EDREFVBEICOVWTIISHOIFIETDH 3,

ZIT, iiz#EDPTLTHDRIHAELERT D, VDGR RED DU LD%E
Ay Ag oo VAL TRLU ZNE EDICLTEE AL TS, —H. B&POMZSEEE By, By, -+, B
TRL, TDREFZBLT D, $ho. TNENOREDUMER q, .G, 1 0a,  Up, Dy p,» £
DEEE m, my,, o my My My my TR flZIE g, 2BV EZE R7 b
(Ga,+uys " 50s,) ZFRT, BEICEL TR HiZq,, <q,, << 04, DD NLH (q, IT2WTH
FL), BEADTOBREIENDIE, —/A, BEBOTOERIENDIFAL TS, T HEITGL
Thk+1A%Z A% BOXKAZ DI FIEroH52iko T, ZOMESLHEHEREZ q= (1,0, . @rtl),
m= (my,me, - ,mpy) ERT. TNBZE-ST, k+I-Mce OERELIFICHIARS,

EF 1 (k+1-Moulton configuration) k + I-M.c. &, M.c. ZT & ADES AT LTHRZITI
HOEGBEMAL &, LITOENIZFHLZTDIDEND,

) gtrmPMce. THY, ZOLEDOq, PEEBEMZDATEFEL W,
(i) £5 A DEESBES B EINZ 2RIOEE r 2L EDbB R,

SEE 1 Me QBN ZORLE EOMBAITHE 2% LoT, Lo (i) 13, %A B EMA IR
DRDELE FREDPES AR TOROZFALFRIETHS ZEEKELTWS,

3 k+LE—Ib2OAYTasFal—3 DFER

3.1 E=)b>aAVT7ax¥al—aroRER

£9. Me OFBERZTRT, H# L0 HOREPIEATHNDE T S, £db i HHOREKDAE
q, TOHBE m T2, BBl <p< - <qg &m>0,i=1,---,n ZRET2,. TD
Elcld c= (miq + - +mag,)/(mi +---+m,) TRODBNEB,

n RO M.c. DG, Flib7 g KT 2 BOTHER n ATE 2, FIZE, —HFARORAF
W H LR

mo ms mny
+ s A (=) =0
(n—@)? (1 —a@)? (g1 — qn)? (@ =c)

s, MHOIEIZ, —~HEMOKRKE 2 FHOKK 05| HoitEr 64 ENZTEHT, H2, 6 3,
e EBn— 1HEHETREHETHH., HEOHEHD A ZLZ2EOAFEDEDEFR, ¢ —c 3ERD

1Al ED % 3 5 ¥ FOMisOME E, BN oEEHTALLE O

SMoulton, F. R.: The Straight Line Solutions of the Problem of N Bodies. Aunals of Mathematics 2(12), 1-17
(1910),
Albouy, A., Moeckel, R.: The Inverse Problem For Collinear Central Configurations, Celestial Mechanics and
Dynamical Astronomy 77, 77-91 (2000) =%
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KEKEZRODBELEDHEZRLT WS, HNT, A6 2HFHOREICEH L RO AR,

7(@2 T—mC_h)Z i (g2 r—nBCI:s)g e (g2 Tilr;n)Q TA@—9 =0
B, FDORD @ DBl me B m Kb TWEAEHE LTHOFENR A FACHE-2TWW3
LR T S, vAFRERHEMNL, HLAERSPSHTTAEE, AR LRDEN ST,
DFED, HEIRIREDBDEOFIZTNLE LI FRADENHEITHL, T, n HEHO
T, Mg — o) DHELAIETHK, 25 LTTES n AOFEROSTERMICHZT Z 2

TEIZ, ZDq 2 mOEAE nfE Mce. 2R,

3.2 k+1E=JIbaAVTasF¥al—aroRER

FoREELIS b+ - Me. OFBRRZEL, BHHEOEDIZ, 34+ 2Me. ZHCLTHEZ S, Me &
BIREDES A= {A, As, A3} CHIOREKDESE B = (B, Bz} ZMAT=L T3, BEIA SR
D A DFTLDOHEAZ,

m,, L M L -
: q, —c)=0,
(qA1 - Q'A2)2 (‘L\l - qA3)2 "
m,, m,,
+ 5 +Ag,, —0) =0, (1)
(CIA1 — a4, )? (qAQ - qu)z "
M, m,,

- 5 — +Ag,, —0)=0
(g4, =040 (@4, = 04,)? e

YA, ZO3MKIIBOITD 2K EIMA 555, UCFDWNNEE By, A1, Ao, Bo, A3 ETBEZD5
EoHFERL,

m

Ay Ag By Ag
+ + + 5 T Age, —¢) =0,
(QBl o q/\l )2 (q131 o q/\2 )2 (QBl o (152 )2 (QBI o QAB )2 o
Mg, my, mp, m,,
- + + + —— + Mg, —¢) =0,
((I/ll o QHI )2 ((I/‘1 o q/\2 )2 (QAl o Q.r12 )2 (Q/ll o q/\3 )2 =
My, my, N mp, " m,, n /\(q C) —0
(QAZ — g, )? ((IA2 —la, )? (qA2 — g, )? (qA2 T Ga, )? e ’
B My, B my, B my, N m,, b A — ) =0
(qu — g, )2 ((IBQ —a, )2 (qu —da, )2 (qB2 —a, )2 = !
m m m m

"B,

Ay Ag "B

: - 5 — s+ Mg, —c)=0.
(qA;; - qB1 )2 (qA;; - qA1 )2 (qu - qA-z )2 (qA;; - qBQ )2 A

k+I-Mc OEFRELD, COSERDHED AN L cid. (1) KD A E ciZFLWV, 22T, EXZERL
‘j—éc i‘?‘_\\

(Gp,+Qay s Tays Oy Gay) = (91,42, 03, 4, G5),

(Mg T, T Mg T, ) = (1101, 2, g, 1T, s )

%Lﬁmﬁkbttf\mfzmlqy1§i<j§&t%bhﬁﬁ%ﬁliéoWi@\%1ﬁ
i 4y
BURTHNE, — =2, 0 RS ICESHER D, KO EORE &

(4p, —a4,)? (@1 —q2)
JHOIERZ2 AhEZ2 3, Thbb, BOTIHET 2 280X E Lz, FOEIO 3IEFORXE FICE
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o ZLT, hym; OEZ LEIHD S5, BOICHT 2HZAAICEE, Z5TRVWLDIZZDE
ICEL, Ko T, Lo ROXELLFO LS IcEEALNS,

hiamyg + hiame + hisms + hisms + Mg — ¢

—hygmy — hogymo — hayms + hysms + Mgy — ¢

(@1 —¢)
( )
—hiamy + hoama + hazms + hasms + Mg — ¢) =0,
—higmy + haamy — hozmo + hgsms + Mgz — ¢)

( )

—hism1 — hasmy — hosma — hgsms + A(gs — ¢

EHRINERITHERT PLERHESTERT &,

0 hia hiz2 his  his mi G —c
—h1a 0 —hoy  —has  hus my qq —C
—h1a hoy 0 hos  hos me | +A| gg—c | =0. (2)
—h1s  hzy | —hos 0 har, ma s — ¢
—h1s  —hus | —hos —hss 0 ms 5 — ¢

ZLT, HEMNOEREFIZLTCTFROLIICRT T 5,0

H, Huz tm + A (qu - ) —0. (3)
H; H fm,, I‘(qA —c)

HETHE HiZq, DAPS, H idq, DARSTETWS, 02 0MENHMTHITH 277, Hy
Y Hildqg, & q, ODWADETDHHD  Hy = —'Hy D70, (1NRED H,'m,+A(q,—¢c) =
072DT, B)RIUFTDEIICEZELES

Hi'm, + Hy'm, + X(q, —¢) =0, (4)

H:gtm” = 0. (5)

D203+ 2-Me. DAFBRATHED, ZORLHFE—BD L +I-Me. DEESTHHAS, ZL
T, ZORAEWZT q, & m, DIFEOHEDLS, KHROMDVIHTEEATH 5,

4 TFIE1 DA

BHid, T OFHOMEETRT, [<k+10HBEE I =k+1DBEL T I TEZLD,
;ﬂ@i%ﬂ%ﬂ@i&%/ﬁfﬁ'ﬁllﬂa DITEHIDBAES M 672, I A k41 DX WGE Hy IR
FRFERDTINCIED, W] =k + 1 OEEEBEOTINICR2, EE [ <k+102 %12
m, =0,/=k+1DLFEm, =m,t t>0, LZAZThFOEIHFONL, ¥ELD5E
EFEBOIDERIIOVWTEREL, FORZTAZHOMBEN—EIWREDL ZLERT,

S{TRIR 2 PV OERD ¢ WREZRL, A2 FARHARZ FACLED, TR eAE ANEZD T 5,
TITH AP —tA B F LV & A BENMBMTIL E2Es T e A,
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4.1 l<k+10DEE
HE OB ER T VI I ICEEH R o> THRR TV A, —ROBED L+ THEBRICEZT
iL\O

411 HEEICEHITZEE
BEETF. ERICOVTOELED D ICRBITIEER L, TONEEEZ S,
EE 2 n KIEFITADLL N D& R T L & ZNEREETY & PER,

a) MARTEED EAbORTEIETIETH S,

b) XS LD TADOETIIRETATH S,

o) MABSE. (i) ZORTHE. (i) £THA, (i) L26 i BDETHATEALIHIE. ®
WERHTH 5,

d) EFORTOFZAFECTHE, FOMTDTTARNEN, O

+

)

X 2: BLEITHICB1T 2 BT DEFE O
ZOZens, LToOmERSLNS,

W 1 EEITYOTAROIF SR, MARTORNSOBIC X > TkES, bbb, MAKTDS
5, BORTOEPEFHO L 22 0FHREFETHY, B =2ZECRS, O

DF D, EETINIDTHETH 2 HE0, AU ORIGR EFIEE T 5,

m, = 0 ERT. Bl IEERAE

Bl!AI:AQ:«Ag:Bz:AAlsAS:BS (6)

S MIEFITTH ORI D 55, (1,1) AP 5 (n,n) BT ETOMNMRLEORTEZ NS,
IBBITH AWK LT, AB=BA=1 (1 \ZEMTH) 22X 58fTH BOI%E A DT WS, A~ pdan

T, ADFETHITH L Z b2 RT, ADTFAIEME e TRINE, BITFIAE —2FET 2,
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DESREATVE LT 5, OB (5) REFHNCEL ¥

~(Ga, = n,) My, F (@, = G,) 0, + (44, — 4s,) Mg, =0,
~(Qa, —s,) Mg, (@0, — 05,)" 27%2 + (¢, — s,) *my, =0,
~(Qay = o)) g, + @y — 0sy) g, + (44 — Gsy) Mg, =0,
~(Qay = o) Py, = (@, = 45,) P, + (44, — G5,) Mg, =0,
~(Qay = d,) 2y, = (Qa, — Q,) "y, + (04, — q5,) "My, =0.

THBo My, =My, =My, =005 ADTEAZTEMALT Z LWL, 2, RELTIE
PIIRIXTLNDIEAB S I, TREFELTDIC, 5 x 3175 Hy 2FARD, ZOEE, MENY i

(Qa, s Gy Uay Qay - Qs ) = (92503, 04, G55 Q7 )5

(QB1 'qB2=qB3) = ((11;(15,(18)-
Y3 5DT, (5) D Hy OlA#EIFRTEL &,

Up, 4, p,

Qa, | =Pz hos  hos
Ga, |~z has  has (7)
Qa, | —h1a has  has
Qa, | —M16  —hse  hes
Qa, | —tiz —hs7 hrs
—hia  hes  hos
DEDZHD, Hy O 21TZBRCT Hy = | —hyy hys has | E LT EOAEAZ Hm, =0

—hir —hsr s

rEWTHMEL N, Fid, H) BAECERLLEBTHORFEZSTHAZLTVWS, £oT, H)
P EFOZ S, Bidm, =0 LrRWI edibh s

Dk +IDHE (F2ZL, I<k+1) EEXZL, ADTLE BOLE DREIIZEDITD
BIZIE U THA A GHDEDH Y, 2020 2IEL Hy BTE S, A5, q, ¥ m, Ol
k+1-M.c. D THAUR, Ha DY RITE2BCH LU TRE ] OELETYI H, 22 22 EMNTE
%, 0T I<k+1DHE, Hilm, =0Tdh 3,

4.1.2 UBREEXZ0H

By, By, -+, By DENENOMEITOWT, D (6) NEHNCE > THEZ S, FIZIE B ld Az & Ay
DENZH D, As R Ay ZIRCBMZ TEDOIMINZH TV ZRIFEZRN, DFED, B lZ2oWTid 43 &
Ay OXBEOHZT ZIE~AAUL LV, m, =0 ZHIEITRLAZDT, (4) T Ha'm, + X (q, —¢) =0
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LB, ZhE (6) ROBFIIOWTEE T L,

(@p, = aa,) om0, H(@s, — a4,) 2, + (05, —44,) My,

Has, —a4,) ZTHA + (5, —4a,) 2ma, + Ma,, —€) =0,
(G, = @a,) M (G, — aa,) P, — (0, — q4,) My,

H(p, = qu,) M, F (0p, —4a,) 2, + Mgy, —¢) =0, (8)
(G, = Ga,) ma (s, — aa,) Py, — (0, —q4,) My,

~(4s, — %ngm (05, = @a,) 2my, + M, —¢) = 0.

INSEMIT g, 0y, €p, PENTNEET 200, FELEHEZ ORIV 2H200%%E
A B

HEOWET TS 78V Z e 2HATEBONEE 2 55, 2 XAEAR 3RAREN f(2) =
Ty=[fx)DFF 7%z B2y =0DEH, 2% D ¢z (AR 20 THOEZHIE L7z,
EREE R B U EDS 1 DHIIHT 5, 79 7M p BN L2 FCBEMR LIS, 22T
ZOFEENS,

8) KD 3 2ORDLELE L BIEE fi, fo, fs LT 2. T3 B8 q,., ¢n,, 05, PER
FROEFIRIZH LT fi, fo, A BED LI REHE L 2005, HlZE, Ay & Ay O
BTz By A A3 \GESWTiTo 55, 2O E R)ROHE2X LERZ L. H3HOTH
G, = Qp, BIRD ZLERTESOTOL, FEPERICEL B, SHEDBDRILALAKE
o THTHRRICHMNT 5, —ATIEFPOHEEH 2 —EOHTL L E D, ZhLl ORI
Ve £ T, fo 2R L TIRAOERKICHIT 2, £/, 302 By A A ITESWTITo L b &,
HAHEDGE q,, — q,, PR RLERZESNTWL, LOBE LA UEET, SEEEOMEA
WHRT 2, DFD, B OMMENLED SEABET 251200 T fo O E DR KH S IEDOHE R
AL TV L, 1 FPDTE By, By THRABKICHHET 2 2. f1, fr OEXEhZhOKED
HTvA FARS T 7 AT 2 2 d3bdhb,

Tk, ZOEROBIcZEREFNDZZ 73R £, =0,i =1,2,3, DEHREZEZ 20725 5 9,
IHEFARD DICEAZ TN TN DT T T 5, HIZIZ.

dh

-3 -3 -3
dg = 2(((131 - qgl) my, +(q}31 - qAQ) My, + (QBL - qu) My,
By

+(qu - qA_l)_Rm‘A4 + (QBL - qA_;)_ernAg) +A>0.

W dfa/dag, > 0, dfs/dgy, > 0235605, ZAud, (8) ROBXAHETIIN, D% D ¢ . 0p,. 45,
DM T 2200 f1, fo, fr DENFROMED ~EHWPT 22 ez EgfNaEmLTtnlz e
ETRLT0WE, ZOZErbH, O3 ODOABRERMAET ¢, ¢, .0, PHRE. ThERIZE—DL
DPIRNZ DS DICR 5 T2,

WE2m,=0DrE EEADEZKAPLTES 1 DORXEIZEL 2 DTE S RIEOBIIRK
T1TH5, O
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GEF) LOBIT, By & BaAS Az & Ay OficBAN T3, ZOL 2D (4) R0oTERE ¢, b
Ip, WOWTEEHLTHS, m, =0RDT,

—(ap, — aa,) Py, = (a5, — 4a,) P, — (U5, — du,) M,

(@, = aa,) Py, (s, —a,,)  my, + Mg, —¢) =0
(g, —u,) Pmy, — (g, — q4,) Pmy, — (@, — 44,) M,

g, — q0,)72my, + (@, —aa,) " ma, + Map, —¢) =0

B, 200ORERENS &, ZOEWE g, & q, BUE. 2%, q, . ¢, BELTLOX%E
FIRFICHli7z T e & 2D 2 O00EAFL RS, ZHUd ¢y, < g, VI k4 I-Mce OFEFITRT
%, HEXYROEBOKAZ YORBEICEVWTARLEZ WA S, XoT, @25 564015, U
DIETER O (1) 2SRE 7,

4.2 l=k+10B8

Tl =k+1DHEEZTOWTEZ D, BRI =50 EERKEH
By, Ay, Ba, Ay, Bs, A3, By, Ay, Bs 9)
PHATVWEE TS, 2Ok EMEXRY FLEERENY ML,

((1170'2:(]3:(14-05,06, q77q8~q9) - ((Inl s(.IA17q“2s(.IA27q“3:(.IA37Q1;4:(1A47(11;5)5

(my,ma, msg, Mg, Ms, Me, M7, Mg, M) = (ml91 ST Mg My g TN

Mg, s My s My, My, My ).

By Mhag

b, Thbb, FRHORFIIES BOTLEZERL, HEOKTRIES ADTERLTWV S,

4.2.1 E=RE

HDIZ, EEBOBREDERIZOWT, ZOLTHERELZD. HEAWNWNILTHERIZK 2D
YHopTHS L ERT. (9) ROBA,

my
—hi2 has  has  har hao
ma

—hia —hss  hus  har hao
HgmB = ms = 0

—h16 —hg()‘ —h,ﬁ@ hm ]?,59
mry
—higs  —hss —hss —hrs  hago

Mo

EoiE, 5 DOKRME m,, - omy, WHLUTHERIE 44721, 22T 5 20RO S5 1
DERIRA=Rt L EZ, FKABOBE AEAOBERHZ S, 5. mi=t>0 LT, kolzX
DEITENT Do

WHEITS A, g5 dp,, G, DARMTHEH, ZITRHRICOVTERTEOT, INHRERL LTRS.
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7}1-]2 ’ng }!‘25 h-QT fl-Qg ms

*h-14 *]134 h‘45 }1-47 h49 ms

+ =0.
—hig —hgs  —hsg her e mr
*h]g *hgg *h-;,g *hm hgg mo

EOWHIHEZRITT S &,

has has har  hag ms —hia
*h-34 h-4r, h47 h4,q ms — —h 14
—hss  —hsg her  heo mz - —his
*h;‘;g — h,r,g — h",“g hgg Mg *h-] 8

D 4 x 11THZNBITHI DT, ZOWTHNREET S, Ko T, WIZEHAD 4 x 4 {750
TR PT 5 2.

msa h~23 hgr, hz'r hgg —h 12

s - *hg.; fl45 /L47 ]L49 *h14

mr —hag  —hsg her heg —hag

Mg —hgg —hr)g —hm ]lgg _h'IS
ms

w \ ms e
B, THREIEADHERZ Pus;, B TRT L = —1(s; so 83 84) '8 LEMLTE

my
mo

L, 729 A—NDERANBHETINEREL &

ms Ay
ms _ —1 Ao (] 0)
M detS | A,
Mo Ay

DESIEEREE M =t LWL OLDITHR R TRTZEATES, ZTIT.detS = |s) 5283 84|
THD, A = |8 s 83 84], Ay = [87 8" 83 84], Ay = |8 82 8 84|, Ay = |8 83 83 8| TH 5D,
i 1 &D, detSIEIE, AL AL AL AL ITWTHBATHL, XoT, my =t =0 THHUZL,
My=ms=mr =mo =0THH, m; =t>0THIX. ms,ms,mr,mg >087125%,

4.3 UEDREE
4.3.1 1X[EIC11&

l=k+10855, FH1 0 (1)-(i) WDIKEGZoNE HELEDPOMA T LEPEHIZIE S DL
AMTIEDFAE L7 Z 2 B ROEER A L TR,

Widing | KRR OMEITI L <7 P AEES TRD BN, 79 A BHITHER2L E, Ax=b THiu¥x= A" 'h.
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ME3m, 20 1<i<k+1,DrE REAOBERIPSTES 1 DOXMICEL 2 DTE
SREDRBBARTITH S, O

GIFA) m,,, =0 OEEFGE 2 L AU TETIHEATE %,
DU, my, >0 OBAICOWTIT 2. 5680 (9) R0 A3 ¥ By # AWERT,

Bl:-A17327A21A3aB3:B43A4aB5:
DESTEILHBNMATNE LT E, ZOMBERY MLEERAS b,

(Qa,+Qay Tay>ay) = (0250445, 08)s (g, 24, Upy s, - Ao, ) = (01503, 06, Q7 Qo)

('mB1 Mg M My 'm-Ba) = (mq,mg, Mg, M7, My)

&b, TDEE,

miq
—hia has hag hoy hag
ms
—hiy —hz hag har hao
HgmB = meg =0
—his —hgs  hsg  hsr hso
mr
—hig —hss —hes —h7s Do
Mg

ma
s
THO. CHEMISILLT (5 555080 85) | mg | =0 DSk, (THIOB31TL W 41T (2

mre

)

Ehsybsy) BRIRZY, ZOMSORER LTS, ZOIEHARTHOEL 25, X
Fmeg=t>02 LTREREZRkDB L.

my Ay
s t( -1 —t Ao
= —1|S] So 84 s;,) S3 =
e det S Ay
mo A—‘l
b, 72720, detS = |81 82 84 85], Ay = |83 82 84 85| = —|82 53 84 85|, Ao = |51 83 84 85], Az =

|s1 S2 83 85|, Ay =81 82 84 83| = —[81 82 83 84| THH, WTFNBEBETYOTHAXTH S, ZZ
THEHLZVDIE det S & Ay 72, HIEFDEWIIE 317H5s3 Dsy D E WS IEWT, SEikoiiEb 2o
2 DDMERT PADERTOFFREL AL TH S, LoTamE 1 &0, detS & Ay DERITITH
EPIZFAICHERDT, mr <07, AT E+I1-Me OFRMFIIKT 2, O

4.3.2 MEDOD—EM

112 CTHEE BOEITLOERNEROHE, ThbOMENZNAZHORET-RICRES Z %R
Lize ZOZ 2 [ =k+1 OHETHRERICIATE 2, koT, (9) XOHETmM, =002
FOZNENDOMNEZ ¢ =¢], s =0, -, ¢s = ¢ THRTZLILT 3,
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(10) % (1) RIcKAT 2 &,

t _t —
dtS A+Hy'm, +A('q c)=0 (11)

BEONZH, ZITA=(—detS A, Ag, Az, Ay) TH D, (11) X 5 ADFTERRDFEENT
WBDED, ZOFEIAREZERLTADL L,

g1 = —c;eTé (Avhis + Ashis + Ashir + Ashig) +hioma + hiama + higme + hisms + Mg —¢) = 0.
Gy IN' gy 4, 0p, TERERRMT LRIZ M =0, q, =q) ZPRALERZEZ S,

51 m = 0 0RDEIE S, g, _mfﬁw%153412rfutxaugﬁwmmf

BB s 4, TRBD LGS @\;h%®ﬁﬁ#gﬂ:aiﬂfbth@f%@ﬁ@hm
K725, D DAADHBRBFARET, ThEhESEHCRMD T2 L ARSKIEDHEICH %
2. ZOMORMIERITIRDE Zehbhrd, Zhiffio TrabiF P2 HT2L, LUTO X
SICIEDMEIZR D Z 2 BDh 5D

dq1 dgz dgs  Ogr dgo Yn 0 0 0

dg2 Oga Jga dg2 Jgo o0 Hgo

dq Ogy  Ogs  Oq;  dqy 0 8(1; 0 0 0

% % 943 % dgs o ()‘ dgs3 0 0

dq1 gz dgs  Oqr Oqg - s

991 Og1 g1 Ogr Oga 0 o o 91

dqi Ogs  Ogs  Ogr  Ogo dgr

dgs 9095 dgs  dgs  dgs 0 0 0 o 9%

dq  dqs a5 dqr  Dgo 49 i, 0.0, ~at

m1=0,q5=q,

= Oa1 D43 g5 gz Do
F o T, BEEBEA I D, my BbIPIMLE 2 g =), s =3, -, 5 = g2 DT
QEzh b0 RREAMCHET 4y dp, . 0, PEET B, ZTETH, ER 1O (1) O
HTH 5,

gz (I 2R3, =k 4+22NET 2, ADITHEREICHATE 2 oick » TEED
k+1 OXEIZRY 6N E DT, ZORBO—20212 BOTEMRZ TV & 1EFZ 2207
ZEPRINIEGRLE S, m, =0 THIUI, ZOXHIRHE, ZO_DOTOMED LT
LEIZL®R4I2TRLE: XoT. BORTOHENERDES, MALALZEIEIT L+172,

5 U

APREEZHRDTI0E, 5L 2OFREHTILHTE, DERBEIDVWELFELTHS, HF
ATHZIBEDOLF, TNETHONIEE LA TIREZ R TS o 2B M - sEER A

Ym, =00 EiC RHICRES g, & q) LALTVA,
By (HoRHEr 572 2 BIEE SRVETRMT U TR SR AR L F A TA0TARE NS,
MUBZME f(z1, 22, T, y) T flal,ad, - al)=02v4d 1 ZBFETETEE %, BN f(21, 22, - 20,

glot, o, zn)) =08 40 = g(29,29, - 2l) Bl THOM BISHEET S e 2RI EH,
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B, RSO E A RS 3R L TL 22X 3MNA] - [RERFHGHRITIC P 50
BLER L L5, BADIFENRTIUL, ZOWMFRITEE L Tnizpd Ly, T, HEE
Bt > Z—0¥Rics L DELAL L2, FIDIcEE LA AN T ZE o R4,
ZOHEG| EHOTL X o PR E, BHRBEEOBP T TSb X —DEAEIFEHL
WHBGEWEEWTWS, EEDNH 5 2 TROL LTSI BIATLZ BT, B#H L L
o, ¥/, ZOXSCHBEETOMREZRETLI2HEVWEETL22dH D00, BFE
RLTWRWTAIZ, ilZ2YSFHATIUIMEDSEDh, FREZEZRPLFEEEATH AEEIZ
Eim R RET L L 2O EMFLET %, 2 BEHEAORRICIBRIZRZY % L > TnEE
WTW5, BTHATLEXoTWE I EIZEHPL EIT 5,

XT, SHROFMEI] > b+ 205G THEBIERR LMD L0 50TH S, HEY 0 OfRE
TRZORIZ LIRSS 205, BENEDHAIE I BRDEL I, F7, BEVPEODDODLERDD
DPRIET 2 XD RBEIDZDIEA 5D, k+ -Me. DFEFRIES 5 LIXs {Hil,
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8-3. 2023 FEEHWME

Johannes.Schoenke

Report:

In 2023 I continued work on a conjecture about the topology of closed space curves with
constant torsion. Proving this conjecture would be a fundamental contribution to our
understanding of three-dimensional space. I gave a talk about the conjecture at the
RIMS workshop "Quasiperiodic tiling and related topics" at Kyoto University on 3
October. The talk was well received.

Since the work I earn my living with was outside the academic sector, I unfortunately

had only very limited time to do research and published no papers this year.
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