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[ EMARANEIZ L D RB O L Z D]
WU T NFREICBIT B KB T 5 HiEE UTIRAIEDR & 5 28, Bl B —ROATEIZE, #EEED
a2 E WO RER S D, TNEMRT DI IICRE LI FIERSZENRANETHY, 20O
B TlX, £OFNE, R & E2/RN L.
2 EHH BE (KBTS KRT KPP LEseR), 38 FiE (KB RY: K7pE LoEafseft)
[ —% OxRilZ#&E L CHRBIZ1T 9 Additive LS-SVM DR ~D & /R T X — & D525 ]
EE O EERGE D 3 SIS N QOL (EIE0HE) %K 2 BEIC 5V T, Wang et al.
(2018) (XXM ZEE L CTHBIZIT S additive LS-SVM #42% L7-. AFEETIL, ZTHIZE T D%
INTG A= DHBIEE~DEBELFRDT-OD T I 2 b— g VEBROFERZ RN, SIS0 EEN
NS R R o By il
3 WA B (KBRS RFEBE TR0 RE), Bk FlSE (KBRS R SRR ToEa 5o R
[HHR— bR H =< NCEENDRIERT A —H OFEHEIRIIEOREAT ]
PR— IR Z =< NZBT DR NT A —ZBROm#ELFIEL I LTz, Fayed et al. (2019) IZ
X % @ b FvE SVM-ICDF-CC 134 & O EBRIC BT, @i o SVM & Hlg LT, FIFLE DT 2 F4yJE

FEREZ TR L7273 B, #9 5~20 S DRIAERH COEE 2RI L2 Z L 2HiE L.
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FAt B (KRB NLRT: RFPE LFRFZER), 8 FE (KBRS KFRE Lk seft)

TR AR T — AT 4 VTR EZDHEE T A — 2 ORI T D 5]
TRMELZHIFI 2 B 2 BRI 3 L Tsraeli et al. (2019) (XD AELT — AT 4 > 7 RKE W58 T
N ZANH D, X, HEEEHIKIONT o AEFEES 537 A= ZFFO. KR TIE, 20
RT A —H OFRIEEFIITHRZE L, Israeli et al. (2019) OEIRYE L HHEL L7,

B EE (B FEPERT BT, B 1T (BAVE B RT RGFE)

[RICED QIS F— 2 OFHAL (1K)

HUIB AT DBRIC W DATE X Z & O - B - BUEE#AY E & b -fist GIS 7 — Z I3 &I
ENEETRMEL TR, ¥Urn—RT5Z2 L TRENKDS, 20X ICEE LT — % ~Dfifi
ERZICT DD, ety 7 PR EZEH L CHK BT — % 2RBLT25 2 L2l BT, ARiFETIE,
ggplot2 /N r— & leaflet /N r— U2 &L 5 2 DO RIBULFIEIZOW TR LTz, £7-, IFEFEE %
E£DD GIS Ny r— sf IZOWT HER AT > 72,

BE XAF ( KRKT KPP T8 )

[EREE ~THEE & O T [ B R O3 W O IEIZ DU T
ERAGREIZR N T, BEFICL > TERIEIZEERM AR L, MET D200 ikEE U TRE
ERD D, ARG TR, ZO/ETHECESBEOHEELE L R L BT, FiaiEksig
L.

B RE ( KRIRKT KPR L7 )
On causal inference without counterfactuals
HRTHIRIRHER I B W T EEEAEE LW ET L E L CHRREZFIH LI-BEET AR H 508,
Z COEBEREE TH S local independence (ZxF L T, IFTERISGE & CTO5@ < MG H Sk 2 ATREMEIC
K DM SN L OBIREBLE LT,
3B EAT ( BIVEFEBERT: P ) , BA KEf (5 B PRI KBk T SesmBh A it 7eft ),
Pk BE ( BEEFRTRT: B ), kE B— ( BWEFFERFRE 5 )

THRBHIM B E > 77 — 2T« BB O FIAL ]

FEEEDAFZE i, MBEEOERE ST — X X—A Db SN BREO R WHT —&% 7 7 A L
T, SRR T — B RNTEREE T A 5 7 7 A VIR (CSV 7 7 A V) 1T 2 TR (ATALER) 2D\ T
B, TNHOTREREFIARER LD LT 52 Ea2RlkAT, SFEEX. 26O THE% GNU parallel
B A R 7= 0 BIE 2 Mrt L. S (Velocity) %10 L X422 & &t L=,

M FE ( RIRIFNLR T Kb Larsest )

IR SEIR A FF O BE B IR T T ST D/ 2 FHEE]

TEFARAE & BAAUIRIEZ R 2 1 IREIE A CllRET LIZEB W T, Gao et al. (2013) 13hx/) 2 FeHeE &
OMHEMEE 2 O Lz, ZOE T, 2 KEMEAE CEURIZHENT, ¥ Iab—ra VERICKD
1000 K] & TOBUN D THEFIRIED /ST A — & OREEREE L@ 202 &R L, T ORI &3t
Wik Z s LTz,
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HIFF : 20198 H31H () ~9H1H (H)
B WM R PRy o "X IMI 2 7 7 L A JL— 4
WrEsiE ©  BRES (EEREEr) TR EEEIINR SRR
RONE (A7 v=7 -x=v 7 R) RIREE FEULFEAFTH)
P EESAER (MAJIIRT) . BEEE (GHKT)
HEEAN AHEE UNKRT) ., BOEE UNKSP)
8A31H ()

1. RS IR Bt (ESIEHFISEET ERATO MR A X HHY 2T AF YA 7 ay =7 |)

BEH: WEER Y AT A~OFENT T a—F

i ERATO R A XL AT AT WA o7 a2 h T, V7 72T VAT LD HIE
KTFE%E, WHER Y AT AOBRBICIER L, R THEMmE e TEMSOERIZ, B - ISHOmm D
HilkT 22 L2 AL TRV ET. A7 0V b0 R ZHRIKSE 7 —T (FV—7F 0) Tk, Wkl
W 2T LOEAA E IV TR & 2 SO FHERL E T2 tED T ET . B TIT
Byl FORRNE, RINV—TTHRLNZU FORRIZOWT TR LET.

« BREHEBAGR D 7 — BT X 285851 O— b [MRE S LICS'19]  IREEERB RN —S>OREDSE
itk & L CTIA< VS TH D OB BHRBILR TT. W< 2D ¥ A TOREBBRIZBW L, £ b
O _EOIEAGEBIRE — N7 — A OBEFIATREALE IZ X 0 B 5 2 E BN ATRE TS, Z oS &2 kb
TLHEFMONTOETATL. AWFE TIRREBER R 2 /R, BROBLEE 7 7 4 ~—[EI &
Dt L, BTFORMERD B [Sprunger H CMCS 18] 285 7E 8 % BB BRIk LT, % A
AREMIE & L TSI A — A CE S L AR LE LT,

Vv bh=a2—F Ry MU —7 OS5y [Sprunger & Bk LICS'19] UL h=a—F /Xy
FU—27 (RNN) [R5 T — X BT 5 L9 1=a—TF 3y MEJEIRE L7 H O T, Mealy ik & J8
PloEEZRFFLET. A TIE=a—T %y bO/RT A —Z TR K72 W E %2 RNN (2
PRIET B HiEE G2 £ Lie. ZOMOTHERIE Cockett & DB E ONFE A= L, £72 RNN 2% LT
ARRIER L7z b DAy, RNN 2 ABRER L THsr9 % Backpropagation through time (BPTT) & FETH
LEEE —FT D AR LELE.

2. Devi Rahmah Sope (UT#K%)
B H: On a Fuzzification and Comparison of Clustering Indices.

FERE: Fuzzy clustering is given by assigning to each data a set of membership degree to clusters.
Quality of such a clustering is evaluated by measuring compactness and separateness. In crisp cluster-
ing, many clustering indices are proposed. In this article, we try to fuzzify these clustering indices by

using membership degrees with higher order exponent and evaluate the effect in optimization problem.

3. BH & (UK BERRATHFIEAT)
M H: Constructing non-symmetric closed categories from planar combinatory algebra

FEAE: Realizability (23 THUW B 415 assembly, modest set D O % il 7 L X 5HRESC, X9
HAAHRENCEH T 5 Z £12 & D, Cartesian closed catalogue X° symmetric monoidal closed category
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X0 H5HVEE TH 5 closed category, closed multi-category 72 E3G 6 5. T b EMEELY 5257
DO, WD I & 72 DG ERBATER SN D BERMEC DR 2R~ 5.
4. FEAFEEE: TR R (PSRBT A WTIERT)

EH Bt LK

FEME: Mathematics has various usages of variables. There arise a question: Although mathematics
has various kinds of variables, how did Frege banish such variables and represent mathematics by
his predicate logic with only bound variables? In industrial words of the same question: How do we
express various kinds of variables in formal proof systems, such as Coq, Isabelle, and so on, which have
only free variables and bound variables? Analysing such usages and interpreting them into predicate
logic have the following two significance. The first significance is an academic one. The analysis of
usages of variables helps the studies of the histories of mathematics, logic and philosophy. By using
the usages of variables as a clue, we can compare the theories by Aristotle, Leibniz and Frege. The
other one is industrial. By proving mathematical theorems in formal proof systems, we can verify
the specifications of softwares. This study shows the interpretations of various kinds of variables into

predicate logic.

5. AH EX (A AESKASH)

B H: On Logic for Conditional Probabilities of Propositional Formulae

FEAE: Popper proposed, in his work (Popper, 1959), a notion of conditional probability whose
arguments are propositional formulae, which is called a Popper function. In this talk, we first explain
that an instance of many-sorted monadic second-order logic can define the class of Popper functions,
up to isomorphism. We then prove that, for any first-order formula in which any occurrence of a
propositional formula is an argument of the predicate symbol for Popper function, it is decidable
whether or not the formula is valid. At the end of the talk, we mention a technique to calculate
the range of the value of a given conditional probability under given conditions expressed by such

first-order formulae.
6. BRI R—BR (RUHEL RS BT SERT)

7 H: Enriched categories and tropical mathematics

FEAE: We point out a connection of enriched category theory over a quantale and tropical mathe-
matics. Quantales or complete idempotent semirings, as well as matrices with coefficients in them, are
fundamental concepts in both fields. We show that standard category-theoretic constructions on ma-
trices, namely composition, right extension, right lifting and the Isbell hull, can unify various notions
in tropical mathematics and related fields.
7. RH RRE (FR)IIKRTE)

& H: Relationship among orders, semigroups, and quantales

ffifk: Nishizawa and Furusawa showed a relational embedding of powerset quantales in RAMiCS

2012. To analyze the embedding, we studied the relationship among orders, semigroups, and quantales.

8. FBIE shER (FhR)IIKT)
# H: Correspondences among classes of weak preorders, partial semigroups, and quantales

FEAE: Our goal is to extend the relational embedding of powerset quantales to a dual equivalence

between the category of powerset quantales and the category of some class of preorders. In this
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talk, we define 6 pullbacks in Cat meaning correspondences among classes of weak preorders, partial

semigroups, and quantales.

9H1H (H)

1. i BAN B (R 72T - 2=y s )
JEH: 77— LR A~ORE - GRBE - BT & AF A O H

RERE: LD T — DKL, 77— LBHZERe, T O OMERIEC) )% TEDB KL, 7—
LBRICBT DD —2 > TS, 25 LI LEDOER~DOXHEE LT, 7 — LB -
WRRH LA A DR R AT 5 2 2T, ThE THMLAEEL < AT - T TRE A
kL, ApEMEZMR ETE5AEENRHD. ARHTIE, T7VREICLD A7 VT FOMGRERE, 7—
LPAFEICEY: - G MB A Lo F 2 5.
2. FE B (FUTAY)

R REEETE 7 e 7T ARREE

fEHE: TBA
3. ALK FH (AT AH - BREEEOTIER)

BEH: FERERIRT R & - T2 b 07 v 7 Al

fEHE: TBA
4. WG AR BR (BULE0IEeT)

REH AR - TR - SRERRIHIF T 02T Y 2 T BRuR L

B 5E Y 2 FEGBEBA TR RS 2 BBIXEAN MG R b TH 0, Wl - 7 —
A = TR ERIRNEBIIS A 2 b o, EER 4 T2 OMEZES L0 b EMERTIFE, 7L %
T K - REATHRESND 77 7R EITIRR L T& o, ARELTIIBES T 2 TRKIEN ED
KD 72K TR T D 70 (B - ] « B & OBIFR &2 TIN5,
5. BHERE (13N FRILESH)

B H: Topological and combinatorial methods in symmetric motion planning

FERE: M. Farber (2 £ > T#E A S 72 topological complexity 128w bE— 3 > OFEEFHIES D HALHH
REETHS. Farber HI3Z D%, ®FWEEZEE L 72 symmetric topological complexity Z3#& A L7z, K
I TClE, symmetric topological complexity OALAEFRAVITEL, 3 L OEDORELIZ-OWT, loop-free
category & W72 B A RN LTZV.

6. WsHZ (PEHLITR BRI
M H: Recent progress of consistency proofs of equational systems inside bounded arithmetics

FERE: We report some results extending a consistency proof of Cook and Urghart’s PV minus

induction inside S22.
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&0 27— 2 B3 2 Folt DFE#
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FERIREF D E

— Lowner-Heinz %K —

BH EE XKBRZBFEXRE BELE

1 [FLCHIC

ZIZTIE, eV NER H EORFERIGERM R 2 BICEMBF LS LI LET, (FHF A R
positive (A > 0) TdH D &1,
(Az,z2) >0 z€ H

DD S>> & & LET, KR, A 2 positive 7> invertible D& &, A >0 TERLET, 17HITE X
X, A 2% IFAEME (positive semidefinite) T % Z & 73 positive (A > 0) (2, IEEEA A > 0124720
F9, £, BOEHREIERAFE A, BIZK LT, A-B>012L->T, EAFZIER A> B AERICEA
SNFET, RT ETERSINEREE f 12X 5 functional calculus 23 Z ONEFZIRGT 5. T78b5

A>B>0 = f(A)> f(B)

DEE, fEREAFERENET, 220 BEBICHOWTEHERFEZRRITRY $EA, EH
FOIERTHED @A T
t — t*F. ae0,] DEEDH. ERREATH D,

HE, 2T Lowner-Heinz inequality & PRIV TUWET, LAF (LH) TEROLET, [26], [22], [28]
22 BERFEHEF TRV ST, ROTHINSHbNET

A:(2 1)7 B:<1 0)
11 0 0
Fo, INED, a>10LE, Y IIEHZERHFACIT W LML ET,
ST, (LH) £9. ac (0,1 IGR LT, a-F #, 39K L5 RECEBSNET :

A#,B = A2(A"2BA"2)*A2 for A>0, B >0,

cf. [29], [30], [1]e 2D XIICEFRTH L, BHETOICAZXETN, A &L BRRHBATRETHIVUE, Fo
Ga LRI o1z,
A#.,B = Al=*B®

A#B = VAB

LD ET,
— %A1, Kubo-Ando [25] (2 L B EHFE RO L - T, FFAEMNZHEFBEE L ERREE O
Bz, 77 4> - AR

Ao B=A2f(A"2BA 2)Az for A>0, B>0



ICE-oTHEADBNET, KT,

flz)y=10=x
IERF#RTY) o ORBIBEE TN TWET, ek, (EAFRTFHIE, RO 3EMEEN-T 2 HEA LS
WET

Monotonicity: A<C,B<D = Ao B<CoD
Upper semi-continuity: 4, | A, B, | B = A, 0 B, | Ao B
Transformer inequality: T7*(A o B)T < (T*AT) o (T*BT) for all T

(Normalization: lo1)

2 Bfi—RAFHOFFR
EP PHOREROFT, bR 27RO, WHF-SMEEORSRE LBV ET,

b
“;r >Vab  (a,b>0)

Z USRS T D TR REEH O T, EEBKUCA> TV D DORROKIZE D DT

K

A B
H /
a b
BUZIZBR L T L TRV, AAKB NEMA = AR E AT 5 2 EBITET, RIEROHON, ih
RCEFROENR DD E N Z 2T ZNITES>TND LD T, EBRIZ, b=1 &L THBWT, #R
D% KIZEbE, 618, A BWGZMRICEDLESL L, Vad KH & LTHELET,
ST, EEMFH# A BTk LT EFESIRERDOSLE & RIERIC

A+ B
2

TEZINET, FIF—RMEHORENT, EFEARISF L THRZLET

AVB =

AVB > A#B



B — R DOAFERDOF 72—z, EH T D &V D HIETY, B SEHEE
AV,B=(1—a)A+aB

TELEINET,

EATEEM—RATHOFRER
(1—-a)a+ab> a7 0<a<1l,a,b>0

ZOXHZ, EAEMTDLE, EWIC EFEROGEIIL, CHICEAEIRE DI 55 G EFA, Lol
o%Lm?ﬁﬁ~%ﬁ1w®T SR OFE T, i&ﬁ%@%n IR LTH, BRICKATE D Z LK
BIFECE £,

FBHZ, a,b OBMVEENE, a,b MOEREE Dy(a,b) =logla—b| TEDLEDOHHTHD Z LNEHE
T D, BT, YR LD, Da(a,b) =|b—a| TEDZEZOH RIS THET, )

[FiAEAT AR RIERA | DFREAZBEFERNC S 20X, THEEBEEN N TH 5 2 & ORZERIT L 5 READEI-2(
ﬁﬁ@ﬁ%ﬁf%éjkmazkm

Y
b _____________________________
“T'H’:m —————————————————
Y7 | B

a=loga atf 68 =1logb

EFERFRITXET 2 AT & BT — &) O AR X
AVoB > A#.B
CE %‘t‘}:ij—o



3 PAMS1972

Lowner-Heinz inequality & 7B ZR & 2B D HF5COMER 2 JER A RN S R 5 L & 1972 71X
Bl 7o B a2 O LW E T, 7T RX U D HFSORED 36 & 1 5@ Shorter Note Section (2 2 ## D
B ST ET,

[P] G. K. PEDERSEN, Some operator monotone functions,
Proc. Amer. Math. Soc., 36(1972), 309-310.

[PT] G. K. PEDERSEN and M. TAKESAKI, The operator equation THT = K,
Proc. Amer. Math. Soc., 36(1972), 311-312.

R, (LE) O RS2 R OMTOE HIcENE bOTH, 5 ERE. 22 FEE r() O
Hafk:
r(XY)=rYX)

L ANBEIERLIE, r(A) = ||A]l, EL T, EARMERFEITHLTD
r(X) < || X]]

DRSNS D2 &2 T,

Sexy proof of (LH) by Pedersen

I ={a€[0,1]; z* is operator monotone } &¥<,

0,1 €l 72DT, IH¢h, Aib,
20,20 €l = a+pel

o RV, A S EARE
A > B>0 = A@H8) > gatB o A% BatAgtT <
ST, ELY, AL >B>0 DT T,
A®B?**A™ <1, APB? AP < 1,ie., |A“BY| <1, |B°4°| <1
INEY, L TELZLZ2BEEDELZ LT, fmalET
|AS BOHB A | = 1A BOTP A% ) = r(AB+B AP)
< | A*BYHIAP) < || A°BY||| BPA%|| < 1.

I, BB O [PT] 1%, REDOIEMBR T ERADMOFEDRESRM 2w L CWET, ERT

Theorem PT. For given A, B > 0 with nonsingular A, there exists a solution X >0 of XAX =B
if and only if (A%BA%)% < aA for some a > 0. This condition will be satisfied if A is invertible or,
more generally, if B < a®>A for some a > 0.

Z LT, BBICRDO XD REENH Y £, If A is invertible, then the operator equation XA™'X = B

has a unique solution
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1972 AR E, E 2R & WV )RR STV o 72D T i L HERER R D T3,
Z OFRITIEIZY) A#B 201 O TY, 7238, Matrix Theory TlE, Z D HFERIT Riceati equation
LIFFEN TV ET,

TR, EHFRMFEEIE, Pusz-Woronowicz (1975) Zf& T, 4K 472 Ando @ Lecture Note
(1978) IZE V| fEHFEITHIEZHNWT, RO X HI> R TRMINE L : A/ B>0ITX LT,

A X
A # B = X >0:; >0
# max{X > 0; (X B> >0}

Z ZTC. A 7 invertible THHR LT 5H L.

>T, A# B=A3(A2BA 2)2 A2
Z Oifimi. 1980 40 Kubo-Ando OIEHFZ L OBGGIZH — S E Lz, (GF 1 BiDHx& DOERD 1%
DEELDTT,)

4 (LH) ISEMT 2 7%R

(LH) 1%, 28282 >T0b 2 L&Al ) VARERXE & O0F T 5 2 izl VR LET, [10],
[19]

Theorem 4.1. ROAENIL (LH) EFRETH S (A, B>0&:T%,) :

(1) ||BtA'BY|| < |BAB||* for0 <t <1

(2) |AMTBY < AT TB|*=t  for 0 <t <1 and arbitrary T.
(3) ABA| < |A*B]

(4) TS| > |ST|| if ST is selfadjoint.

(5) I(A#:B)3 (C#D)2 | < | AZC3|' 1| BD: | for 0 <t < 1.
(6) (T*AT)t > T*A'T for contraction T and 0 <t < 1.

1) 1%, Araki BJICEVETH, ROXIITHERTEET
1') ||BtA'B!|| > |BAB| for t > 1.
17) ||AtBY|| < ||AB||* for 0 <t < 1.

(
(
(
(5) 1% Corach-Porta-Recht [5] . (6) (% Hansen [21] IZ XV £,

—7J7. Heinz [22] 1Z, (LH) £V b 5D LEWAFREZRLTWET
Heinz inequality. Let A, B > 0. Then

|AT + TB| > [|A'TB*™ 4 AY™TB!|| for 0 <t <1 and arbitrary T.

11



CHIC B AMERAREARES0H Y T3, [27], 4], [6], [7], [11], [14]

Theorem 4.2. (1) |[|[R*RT 4+ TSS*|| > 2||RTS|| for arbitrary R, S,T.

(2) |STR™' + STITR|| > 2||T|| for invertible selfadjint S, R and arbitrary T
(3) |STS=L+ S=ITS|| > 2||T| for invertible selfadjint S and arbitrary T
(4) ||[ReA%T|| > ||AT A|| for A >0 and selfadjoint T.

(5) [|[ReTS|| > ||ST|| if ST is selfadjoint.

Theorem 2.1 (4) & Theorem 2.2 (5) Ztb~%Z &12 LV, Heinz A%8 (LH) LV W AEFEXNTH
5T EN3N0ET, 7o, Theorem 2.2 (1) F XLV, Heinz RHERUL, FIFRTFLEREXD /v L
IRTE LR T E £

5 Ando-Hiai inequality

Ando-Hiai [2] IZ & % log-majorization theorem (X, RO L HITEKINTNET: a € [0,1] & IEEEAT
5l A, BIlZxtL T,
(A#OCB)T ” (log) A"#oB" (7' > 1)

DR VANLD & ZANERRICGFHEN TWD DI, IROVEFAFZEARLEL
A#,B<1 = A"#.,B" <1 forr>1

T. Ando-Hiai inequality (AH) &MHINTWEY, ZOREFICLEREGHMIE, (LH) 2072 EFEAET,

Proof of (AH).
(E:A#uB<1 & (A 2BA 2 <Al & C*<A!l & C°>A
ftam cr=1+¢€(e€[0,1]) &L T,

AT 4 B" = A2 (A #, A" 2B"A"2)A2 < 1
oREE L,

T, AU OFFEIROF Z T FE T,
(i) (LH) X0, A° < C™ Nyh £7,

(i) &I, A"3B"A73 < CO-0e+l 2R UE+,
TOEDIT, ELLERAREMELET 1 a g [0,1 1T LT,

AtaB = A2(A"2BA2)*A2 (A,B > 0)
AtoB = By _oA=B(B ', 1A HB
TREED L. (i) AELRET
A2B"A"2 = A3 (A3CA) A2
=AT' g C=C(CT #,1 A)C
<CO(CT' # CT)C = Tt

12



(D), (i) £D. A #o AZBTAT2 < OO #, CUOH = 00 < AL B30 DD ET :
Ao BT = A2 (A€ Ho A3BTATI)AT < ATATIAT = 1
IO 2EHIRITROFE THEZ BbIET, [12], [15], [14]

Generalized Ando-Hiai inequality (GAH).
If A#,B < 1 for a € [0,1] and positive operators A, B, then A"#3B* < 1 for r,s > 1, where
p= ar—&—(alr—a)s'
(GAH) O£ L HFIZHOWTIE, ROGFBRVNS LILVEEA -
If A#%B < 1 for some g > 1 and positive operators A, B, then Ar##BS <1forr,s>1.
q+ s+r

T TEE, (GAH) 12250V T, 220 one-sided BUZFMETH-> T, S HIZZHIE Furuta
inequality OBIEHRTHD Z NN TWET, T74bb,

WD 3 DIL[EMHE:
(i) A#oB<1 = AT#
(i) A#.B<1 = A#

(iii) Furuta inequality

T B <1forr>1.
Bs<1f0r3>1

+(1

ST, IR (AH) BT 28EE LT, ROMER [31], [24] bV 7,
a ¢ [0,1]1x LT, 2HHAE 1o 1 FIKTERZL TV E L

AtaB = A2(A"2BA2)*A2 (A,B > 0)

Theorem S. For a € [-1,0] and A, B > 0,

Ap,B<1 = A"p,B" <1 forre|0,1].

VUM, (AH) Z2—fi%ft L7 F1E23, Theorem S IZx L THNNE 23 TH LM, IROD T EMNRRIL L ET:
Lemma 5.1. If Ay B <1 for a € [—1,0] and positive invertible operators A and B, then A"igB <1

forr €[0,1], where § = MJFO(‘LO[).

Lemma 5.2. If AyjnB <1 for a € [—1,0] and positive invertible operators A and B, then AjgB® <1
for s € [722,1], where 3 =

1—a? a+1 —a)s”

ZZT, s ICBTAHIR s € [£22,1] 1%, B € [-1,0] ZRAETHZHDOLDOTT,

1—-a?

ZDO2O0ODMMEEMLESEDLZ EI2L 5T, Theorem S O—LB3 B SN ET

Theorem 5.3. If A, B <1 for a € [—1,0] and positive invertible operators A and B, then A"hgB* <
1 forr € 0,1] and s € [T22C, 1], where 3 = ——2~

1-a ar+(1—a)s*
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6 Furuta inequality
E<monTtna oz, FEAERL (LH) o AFe—lbTdy £,

Furuta Inequality (FI) 1+r)g=p+r
q
q=p
If A> B >0, then for each r > 0,
(i) (B5APB%)1 > (B5BPBE)
and (1,1)
(ii) (A3BPA3)a > (A5 APA3)a »
(1,0)
hold for p > 0 and ¢ > 1 with (14+7r)g>p+ . (0, —7)

Furuta inequality (ZB84 % Cikix, [17], [18], [8], [9], [32]. [14] 7ZREZULIZH=0 7,

(FI) ® (LH) #5ATWAHZ &, r=0 758, (MmEHEN q>p ERDH T LIV RGESNE
T, — 5T, (LH) X0 SR IFICB W TE SR O & B3 i b EE T, a-geometric mean & fHVWTE
heRTLEROI S IZEHEENET !

If A> B >0, then for each r >0
A" #1.. BP<A

p+r
holds for p > 1.
(FI) # 2D L H ek &, Kamei [23] LV REEREREDGONET:

If A> B >0, then for eachr >0

A" #10. BP < B (< A)

p+T

holds for p > 1.
Lemma 2.1 % # HAREXOERITHERT 5 LRO L 51270 £,
Theorem 6.1. If A > B >0, then

A1 BP < A

p+r

holds for p < —1 and r € [—1,0].

7 Grand Furuta inequality

Ando-Hiai inequality ®HEL D%, Furuta HHIZL > T, Zive (FI) 24T 2 1EARAREXDZE
ShE L7, [20], [13]
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Grand Furuta inequality (GFI) IfA> B >0 andt € [0,1], then
[A3(A~3BPA=5)TA5)Gonssr < AL
holds for r >t and p,s > 1.
EBE. (GFI) ® F T, (FI) KO (AH) OLEIXIRD L 9 127> THET -
(GFI) fort =1, r=s <= (AH)
(GFI) for t =0, (s=1) < (FI)

ST, (GFI) & (FI) EREERICRO L D IZRELTE £
IfA>B>0andt€|0,1], then
AT #(1—3+r (At hs Bp) <A
p—t)s+r

holds for r >t and p,s > 1.
- T, RO & FERIC LT, Theorem 2.3 % (GFI)-BITEHEXFTT I N TEET
Theorem 7.1. If A> B > 0, then

AT (A#BY) < A

holds for p < =1, r € [0,1] and s € [= 21 1.

ZOfERE (GFI) LDl L, RO Z ERHIFINET:
Conjecture 7.2. IfA> B >0 andt € [0,1], then
AT B o1 eer (At#sBp) <A

r+(p—t)s

holds for p < —1, r € [0,t] and s € [,,2;71]

BRFRTRELZ LT RODEZAETTY
Theorem 7.3. If A> B >0 and t € [0,1], then

AT (A'#,BP) < A

TH(p—t)s
holds for p < —1, r € [0,t] and s € [max{p a _QT (1 t)} 1].
2. WO s = =4, 200 T AL TV 2RSS bR ET

p—t’ p—t
Proposition 7.4. If A> B >0 and t € [0,1], then
ATy, (A',BP) < A

TH(p—t)s

—2r—(1—t)

holds for p < —1, r € [0,t] and s = =

Proposition 7.5. If A> B >0 and t € [0,1], then

AT e (A'#,BP) < A

T+(p—t)s

holds forp < —1, r € [0,t] and s = p%tt,
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