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FEEAETE Navier-Stokes A FER D H H IR A E

Q) = {9, yn) € Ry x R xRy > 0(t,y) | CR" (n>2)

Ve

PN N o N N
Vi N\ N\~ N N\~ N\~

n
a(t,y) : Ry X Q(t) — R™ Ji#RZ ML p=p(ty): Ry x Q) - R EN
At y') s Ry x R*~1 — R BB

y'

u =
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]
FEEAETE Navier-Stokes A FER D H H IR A E

Q) = {9, yn) € Ry x R xRy > 0(t,y) | CR" (n>2)

PN N o N N y'
Vi N\ N\~ N N\~ N\~ N\

In
=’E( y) : Ry x Q(t) — R™ Jfi~2 bov p=p(ty): Ry x Q) - R EN
— (t,y') : Ry x R71 - R SR
oru+ (- V)u —divT(a,p) =0, t>0, y€eQb),

diva =0, t>0, yeQt),

T(a,p)vt = 0, t>0, ye o),
(FNS) ot i

—— =, t>0, ye o),
V14 |V'n2

a(t,y)lt=0 = uo(y), y € Q(0) = RY,

7t y")|e=0 =m0 (y') =0, y €R™TL

- - _ (V'n,—1)
T(a,p) = (Vi + (Va)") — pl, v = ——o.
1+ |V'q)2
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PIHMERIE & 2 - — VAZE

Navier—Stokes /T2 DO FHMERTE (Cauchy FERE) © » ez b c o 5 720, 0v &3 0IHRE & 5%
Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,

(NS) divu = 0, t>0, xeR",
ult=0 = uo, z € R™.
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PIHMERIE & 2 - — VAZE

Navier—Stokes /T2 DO FHMERTE (Cauchy FERE) © » ez b c o 5 720, 0v &3 0IHRE & 5%
Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,

(NS) divu = 0, t>0, xeR",
ult=0 = uo, z € R™.

AT — VAR

w(t, ) — uy (t, ) = Mu(A2t, Az),
A>0.

p(t,iﬁ) - p)\(t,m) = )‘Zp(AQtz)‘r)y

FORIERIME & E R RS AABCERES (HEHRERY) 3/36



FIHMERE & R 7 — A2

Navier—Stokes /T2 DO FHMERTE (Cauchy FERE) © » ez b c o 5 720, 0v &3 0IHRE & 5%
Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, zcR",
ult=0 = uo, z €R™.
R — VIS
w(t, ) — uy (t, ) = Mu(A2t, Az), \=0
> 0.
p(t,iﬁ) — p)\(t,m) = )‘Zp(AQtz)‘r)y
A — VARZEZER
2 n
||U||LT(R+;H5) = H“>\||LT(R+;H;)7 YA >0, - + ; =1+s.
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FIHMERE & R 7 — A2

Navier—Stokes /T2 DO FHMERTE (Cauchy FERE) © » ez b c o 5 720, 0v &3 0IHRE & 5%
Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, zcR",
ult=0 = uo, z €R™.
R — VIS
w(t, ) — uy (t, ) = Mu(A2t, Az), \=0
> 0.
p(t,iﬁ) — p)\(t,m) = )‘Zp(AQtz)‘r)y
A — VARZEZER
2 n
||U||LT(R+;H5) = H“>\||LT(R+;H;)7 YA >0, - + ; =1+s.

oo , 1/r
Doalorca oy = ([ ler @, a)

< r 1/r _2_n
=</0 (/RJ'V'S“A@:@I%) ) = N e
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FIHMERE & R 7 — A2

Navier-Stokes /T2 O AIHMERIRE (Cauchy B @ » fiisinisa i cs 220, 0v s oz 55
Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, zcR",
ult=0 = uo, z €R™.
R — VIS
w(t, ) — uy (t, ) = Mu(A2t, Az), \=0
> 0.
p(t,iﬂ) - p)\(t»m) = )‘Zp(AQtz)‘r)y
A — VARZEZER
2 n
||U||LT(R+;H5) = H“>\||LT(R+;H;)7 YA >0, - + ; =1+s.

oo , 1/r
Doalorca oy = ([ ler @, a)

< r 1/r _2_n
=</0 (/RJ'V'S“A@:@I%) ) = N e

BiR
R —IVAEEMTOEMRFME (FNS) O&EE J

= = >yt

FORIERIME & E R RS AABCERES (HEHRERY) 3/36




N
Navier-Stokes 77 F£ R\ D ¥ RE

Navier-Stokes 2D Cauchy RiEIZ 4R PDE

Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, xcR",

ule=0 = uo, z €R"™.
Helmholtz 7% > EN p BHELIE w 0AOHRRE T 5720

LP(R™)" = LE(R") & GP(RY) 1< p< oo,

LER™) = (v € Cgo(R™)" [divo = 0 i R} | 1EPE™)
GP(R") = {Vr € LP(R™)" | = € LP. (R™)}.

loc
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Navier-Stokes 77 F£ R\ D ¥ RE

Navier-Stokes 2D Cauchy RiEIZ 4R PDE

Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, xcR",

ult=0 = uo, x € R™.
Helmholtz 43 fi# > EN p BINELRE u OADHERET 70

LP(R™)" = LE(R") & GP(R") 1< p< oo,

LER™) = (v € Cgo(R™)" [divo = 0 i R} | 1EPE™)
GP(R™) = {Vr € LP(R™)" | 7 € LP. (R™)}.

loc

» Helmholtz—Weyl 43f# Kozono—Yanagisawa (‘09 IUMJ) 5 515
» Hieber—Kozono-Seyfelt-S-Yanagisawa ('21 JFA) ML
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Navier-Stokes 77 F£ R\ D ¥ RE

Navier-Stokes 2D Cauchy RiEIZ 4R PDE

Oru+ (u-V)u — Au+ Vp =0, t >0, z € R™,
(NS) divu =0, t>0, xcR",

ult=0 = uo, x € R™.
Helmholtz 43 fi# > EN p BINELRE u OADHERET 70

LP(R™)" = LE(R") & GP(R") 1< p< oo,

LER™) = (v € Cgo(R™)" [divo = 0 i R} | 1EPE™)
GP(R™) = {Vr € LP(R™)" | 7 € LP. (R™)}.

loc

» Helmholtz—Weyl 43f# Kozono—Yanagisawa (‘09 IUMJ) 5 515
» Hieber—Kozono-Seyfelt-S-Yanagisawa ('21 JFA) ML
P: LP(R™)" — Lﬁ(R”), u=Pu &b

{atu+ Au=—P[(u-V)u], t>0, = €R",

ult=0 = Puo, z € R".

A= —PA, D(A)=W?2»P(R")NLE(R") Stokes {1
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|
Navier-Stokes /7 #£X D #IHE i
Otu+ Au= —P[(u-V)u], t>0, z€R",
ul¢=0 = Puo, z € R™.

u(t) = e Puyg — /Ot ei<t75)AP[(u - V)ul(s) ds =: ®[u](t)

> CERERGR ¢ TSRO TR, SR TRIERAT
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N
Navier-Stokes 77 F£ R\ D ¥ RE

Otu+ Au=—P[(u-V)u], t>0, z€R",
ult=0 = Puo, z € R™.
¢
u(t) = e " Pug — / e~ (=) AP[(u - V)u](s) ds = P[u](t)
0
> CERERR M-SR TRARRAT) |, SR TRIRORT
AT —VAEZER uwe L®(Ry; L™(R™))

> lullpr ey ) 242 =1+s
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Navier-Stokes 77 F£ R\ D ¥ RE

Otu + Au= —P[(u-V)u], t>0, z€R",
ult=0 = Puo, z €R™.
t
u(t) = e tAPug — / e*“*S)AP[(u - V)u)(s) ds =: ®[u](t)
0
> kB | IR TR ) | R TR
Ry —VAEZERH uwe L (Ry; L™(R™))
> ”’““LT(RJF:H;) 24 L=1+s
S={veX: |v|lx <M, n<p<oc

n(l_ 1 1
Iollx = sup [o@®)lln + sup 257D o(B)|e + sup 3| Vo(t)|Ln}
0<t<oo 0<t<oo 0<t<oo

Banach—Caciopolli DA SEE (F/EHRORIE)

X: Banach %22, S: X OO ES.
b : S — S NGB = Flv € Sst. P(v) =v

LP-LIFHHli 1<p<qg<oo

a —tA _ﬂ(l_l)_ﬂ n
IV~ g0 < Cupt 3G F | fllLs, aeNg, felLb |
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Navier-Stokes 77 F£ R\ D ¥ RE

o G ¥ T2 % T

LP-LI5HME 1<p<qg<oo

a —tA - —z(3-1-1g n »
(V™ fllLa < Cnpt P Iflle, o« €Ny, feLb.

t
(VOO 2 H || 0 = Hv/ e~ (=) AP((u - V)u(s) ds
0

t ,ﬂ(l,i>,l
scn,q/(t—s> 3G 8 (u- V)u(s)| q ds

n

0
t —n_1 g4 Q(L_l) 1
SCnp | (t—s) 2 25 72 -s2n 2 u(s)llLr - 52 [[Vu(s)|pn ds
0

1 n o n
< Cuplullk B(5 - 5

)

t
)t’% (/ (t—s)p_lsq_lds:B(p,q)tp+q_l)
P 2p 0

» Kato ('84,MZ), Giga—Miyakawa ('85,ARMA)
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R A — LR IR

Q. BERT = VAELER TR e NEED ?
ERE-INEOFIE » Fujita—Kato (64 ARMA), Kato-Fujita (62 Rend. Sem. Mat. Univ. Padova)
» cf. Cazenave-Weissler (98, MZ)
Oru+ Au= —P[(u-V)u], t>0, z€R",
ult=0 = Puo, z € R"™.

t
ut®)l0 < IPuolza + [ [ e =94Puw wis)as]

t _m(2_1y_1
SIIUOI\Lq+C/(t—S) a2 ued(s)l | g ds
0

n

1_
<luollze +CT27 24 sup [Ju(t)]|7q
0<t<T

2
g#n=>ucL®(0,T;LIR"), —+ = #1+0 (global IZhIIZL)
o q

»g>ndk DNREDIEHT T — co THHL

L. A% global MREIFIE L 7R\
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R A — LR IR

Q. BERF — VAL TR T e DEEDP?

ERE-INEOFIE » Fujita—Kato (64 ARMA), Kato-Fujita (62 Rend. Sem. Mat. Univ. Padova)
» cf. Cazenave-Weissler (98, MZ)

Ou+ Au= —P[(u-V)u], t>0, z€R",
ult=o0 = Puo, x € R™.
t
ut®)l0 < IPuolza + [ [ e =94Puw wis)as]

1

¢ _n(2_1y_
<ol +C [ (0=9) FE D uwd(s)] 4 ds
0

1_n
< lluollpa +CT2 724 sup |lu(t)]Zq
0<t<T

2
g#n=>ucL®(0,T;LIR"), —+ = #1+0 (global IZhIIZL)
o q

EER, T ORENIEHRT 1 » oo THERL

HI% global fIEFFLE L 7R\

»g<nd T OREHFAFET T = SRDMERLIZ W
e q#AnDLE, |luglr, < eotht LHTF‘EH(W&? u € C(Ry; Lq(JR")) M“ET% LIRET L, R
F=VEIZ XD, R @jcé%cr KR LT (NS) ORERIAES#E v € C(Ry; LI(R™)) DIEET
5 Z ik DA ET . »_Kozono (private.communication)
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Navier—Stokes 7 2 - ERE D5 E&

o Y PDE: JHPPIICRAMBIK O mmbl O ER K2 & £
o HEIRIY PDE: fx& RS O IRERIEIC O W THIE Tlm b O RSB DR AR 2 &t

THK L (FUKH) FORIERIME & E R RS AABCERES HEUHERY) 8/36



N
Navier—Stokes 7 2 - ERE D5 E&

o Y PDE: JHPPIICRAMBIK O mmbl O ER K2 & £
o HEIRIY PDE: fx& RS O IRERIEIC O W THIE Tlm b O RSB DR AR 2 &t

» (FNS) THHERZEEHEIUCENT 2 &, FHIED Navier-Stokes HERDUERIY & 72 5

Otu + Au = F(u, Vu) D?u, t>0, u(0) = ug.

t
u(t) = ety + / e~ =) A F(u, Vu) D?u)(s) ds
0
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Navier—Stokes 7 2 - ERE D5 E&

o Y PDE: JHPPIICRAMBIK O mmbl O ER K2 & £
o HEIRIY PDE: fx& RS O IRERIEIC O W THIE Tlm b O RSB DR AR 2 &t

» (FNS) THHERZEEHEIUCENT 2 &, FHIED Navier-Stokes HERDUERIY & 72 5

dru + Au = F(u, Vu) D*u, ¢>0, u(0)= uo.
t
u(t) = e tAug + / e~ =) A F(u, Vu) D?u)(s) ds
0
LP-L9 estimate 1 <p=g< o0

a, —tA *%(l*l)*‘;;l n p
(Ve ™ fllpa < Cnpt 27 Ifll,, «€Ng, feLf.

t
ID*u(®)llLe < CtHuollze + C/ (t =) [[F(w, Vu) D?u](s)|| ., ds
0
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N
Navier—Stokes 7 2 - ERE D5 E&

o Y PDE: JHPPIICRAMBIK O mmbl O ER K2 & £
o HEIRIY PDE: fx& RS O IRERIEIC O W THIE Tlm b O RSB DR AR 2 &t

» (FNS) THHERZEEHEIUCENT 2 &, FHIED Navier-Stokes HERDUERIY & 72 5

dru + Au = F(u, Vu) D*u, ¢>0, u(0)= uo.
t
u(t) = e tAug + / e~ =) A F(u, Vu) D?u)(s) ds
0

LP-L9 estimate 1 <p=g< o0

3 =

a, —tA *%( *l)*‘;;l n p
(VEe™ fllLa < Cn,pt 3 Ifll,, «€Ng, feLf.

t
ID*u(®)llLe < CtHuollze + C/ (t =) [[F(w, Vu) D?u](s)|| ., ds
0

A 2D ¢ ORRERRB AR EAE S TR HERE RS R,
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N
Navier—Stokes 7 2 - ERE D5 E&

o Y PDE: JHPPIICRAMBIK O mmbl O ER K2 & £
o HEIRIY PDE: fx& RS O IRERIEIC O W THIE Tlm b O RSB DR AR 2 &t

» (FNS) THHERZEEHEIUCENT 2 &, FHIED Navier-Stokes HERDUERIY & 72 5

dru + Au = F(u, Vu) D*u, ¢>0, u(0)= uo.
t
u(t) = e tAug + / e~ =) A F(u, Vu) D?u)(s) ds
0

LP-L9 estimate 1 <p=g< o0

3 =

a, —tA *%( *l)*‘;;l n p
(VEe™ fllLa < Cn,pt 3 Ifll,, «€Ng, feLf.

t
ID*u(®)llLe < CtHuollze + C/ (t =) [[F(w, Vu) D?u](s)|| ., ds
0

A 2D ¢ ORRERRB AR EAE S TR HERE RS R,

= RRIEAME
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R LP-1ERIE

X: Banach ZEff], I = (0,7), 0 < T < oo, f: I = X.
(AQ) o' (t) + Au(t) = f(t), t >0, u(0) = 0.
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R LP-1ERIE

X: Banach ZEff], I = (0,7), 0 < T < oo, f: I = X.
(AQ) o' (t) + Au(t) = f(t), t >0, u(0) = 0.

EE (BRA LP-EAIY)
A: BRI D(A) 55 X THRELEAMEHZE. A 7213 (AC) K LP-IERIE%Z D

L& vf € LP(I; X), Fu sol to (AC) a.at € I st. o/, Au € LP(I; X)

' Ol e r:x) + 1AullL, 1,x) < CllfllLe;x)

C>0Rul fITHIZER.
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|
R LP-1ERIE

X: Banach ZEff], I = (0,7), 0 < T < oo, f: I = X.
(AQ) o' (t) + Au(t) = f(t), t >0, u(0) = 0.

EE (BRK LP-ERIY)

A: BRI D(A) 55 X THRELEAMEHZE. A 7213 (AC) K LP-IERIE%Z D
L& vf € LP(I; X), Fu sol to (AC) a.at € I st. o/, Au € LP(I; X)

' Ol e r:x) + 1AullL, 1,x) < CllfllLe;x)

C>0Rul fITHIZER.

@ u(0) = up TN LTI
' (Ol e ,x) + 1AullL, 1;x) < Cllluollx, DAy, _1/p, T I1fllLe@x))-
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R LP-1ERIE

X: Banach ZEff], I = (0,7), 0 < T < oo, f: I = X.
(AQ) o' (t) + Au(t) = f(t), t >0, u(0) = 0.

EE (BRK LP-ERIY)

A: BRI D(A) 55 X THRELEAMEHZE. A 7213 (AC) K LP-IERIE%Z D
L& vf € LP(I; X), Fu sol to (AC) a.at € I st. o/, Au € LP(I; X)

' Ol e r:x) + 1AullL, 1,x) < CllfllLe;x)

C>0Rul fITHIZER.

@ u(0) = up TN LTI
' (Ol e ,x) + 1AullL, 1;x) < Cllluollx, DAy, _1/p, T I1fllLe@x))-

@ HiR—Y DUEIRERIRETIX
10wl Lo 1) + Al Lo r,x) < C|IF (u, V) D2ul| 1 )

< O|F(u, VU)HLOC(I;Y) ||D2u||LP(I;X) :
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AR LP-IEHIEI 1 < p < oo > UMD Banach Z£[H] X 12hf L 30-40 4 HICERAR2SHENL.
» Da Prato—Grisvard ('75), Dore-Venni ('87), Amann ('95), Kalton-Weis ('01), Weis ('01),
» Denk—Hieber—Priiss ('03, '07), Hytonen—van Neerven—Veraar-Weis ('23)
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((EESERE PN (A ES

AR LP-IEHIEI 1 < p < oo > UMD Banach Z£[H] X 12hf L 30-40 4 HICERAR2SHENL.
» Da Prato—Grisvard ('75), Dore-Venni ('87), Amann ('95), Kalton-Weis ('01), Weis ('01),
» Denk—Hieber—Priiss ('03, '07), Hytonen—van Neerven—Veraar-Weis ('23)

E& (R-ER%)
X,Y: Banach Z2[]. T C B(X,Y) 28 R-Af

3C >0,3p € [l,00)st. Vm € N, VT, -+ , Ty, € T, V21, -+ ,2m € X, V HIL0FR {—1,1}-

R )
! = 1 m
/0 Hj;rj(t)TjIjHI; dth(T)/O H;rf(t)xiui it
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((EESERE PN (A ES

AR LP-IEHIEI 1 < p < oo > UMD Banach Z£[H] X 12hf L 30-40 4 HICERAR2SHENL.
» Da Prato—Grisvard ('75), Dore-Venni ('87), Amann ('95), Kalton-Weis ('01), Weis ('01),
» Denk—Hieber—Priiss ('03, '07), Hytonen—van Neerven—Veraar-Weis ('23)

E& (R-ER%)
X,Y: Banach Z2[]. T C B(X,Y) 28 R-Af

3C >0,3p € [l,00)st. Vm € N, VT, -+ , Ty, € T, V21, -+ ,2m € X, V HIL0FR {—1,1}-
ERERZEES r;

/01 HgTj(t)szjHi dt < 72(7')/01 Hé”“’”“i i@t

EZ (UMD unconditionality of martingale differences)

Banach 22 X 1% UMD <<% Hilbert 24 H 13 LP(R, X) TH R

Hi=ZPv(Des=tm [ fe-9Z
B t 75—1{20 |s|>e ® s
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TERRER EE T EHER
AR LP-TEAIMEIX 1 < p < 0o 222 UMD Banach 228 X 2% L 30-40 4ERMIC B mD AT

» Da Prato—Grisvard ('75), Dore-Venni ('87), Amann ('95), Kalton-Weis ('01), Weis ('01),
» Denk—Hieber—Priiss ('03, '07), Hytonen—van Neerven—Veraar-Weis ('23)

E& (R-ER%)
X,Y: Banach Z2[]. T C B(X,Y) 28 R-Af

3C >0, 3pel,o0)st. YmeN, VI, Ty € T, VT1, -+ ,2m € X, V HINFIR {—1,1}-

R )
! = 1 m
/0 Hj;rj(t)TjIjHI; dth(T)/O H;rf(t)xiui it

EZ (UMD unconditionality of martingale differences)

Banach 22 X 1% UMD <<% Hilbert 24 H 13 LP(R, X) TH R

Hi=ZPv(Des=tm [ fe-9Z
B t 75—1{20 |s|>e ® s

@ UMD= [HlJRY. LI, H9 1% 1< g < 0o IZH LT UMD, ¢ = 1,00 TI& UMD TiZ7z\.
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1EF 1 Fourier-multiplier O &1

Tuf=F ' MQOFfC),  feSRX)
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1EF 1 Fourier-multiplier O &1

Tmf=F ' MOFFO  feSRX)
Weis ('01, MA)
X, Y: UMD Banach %M, 1 < p < 0o, M € C*(R\ {0}; B(X,Y)),
R({M(r) | 7 € R\{0}}) = Ro, R ({rM'(r)|7 €R\{0}})=Rs
— Ty : LP(R, X) — LP(R,Y), 3C = C(p, X,Y) > O s.t.

I1Ta fliLe R, y) < C(Ro + R)IfllLe (R, x)
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.
1EF 1 Fourier-multiplier O &1

Tmf=F ' MOFFO  feSRX)
Weis ('01, MA)
X, Y: UMD Banach %M, 1 < p < 0o, M € C*(R\ {0}; B(X,Y)),
R({M(r) | 7 € R\{0}}) = Ro, R ({rM'(r)|7 €R\{0}})=Rs
— Ty : LP(R, X) — LP(R,Y), 3C = C(p, X,Y) > O s.t.

I1Ta fliLe R, y) < C(Ro + R)IfllLe (R, x)

@ M(r) = A(ir+ A)~ 17 e R\ {0} WA LT || Aull Lo x) < CllfllLem;x) 2155,
@ {M(1)} ® R-AFMIINELL
® X @ UMD HHd f € LP(R; X) IS8T 2 MERIIR 3, P f DTSN3,
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.
1EF 1 Fourier-multiplier O &1

Tmf=F ' MOFFO  feSRX)
Weis ('01, MA)
X, Y: UMD Banach %M, 1 < p < 0o, M € C*(R\ {0}; B(X,Y)),
R({M(r) | T €R\{0}}) = Ro, R ({rM'(r)|r €R\{0}}) =Ry
— Ty : LP(R, X) — LP(R,Y), 3C = C(p, X,Y) > O s.t.

I1Ta fliLe R, y) < C(Ro + R)IfllLe (R, x)

@ M(r)=A(Gr+ A)~ 17 e R\ {0} WAL T ||AullLom;x) < Ol fllorrix) 2155.

@ {M(7)} ® R-AFIEIZRBELM.

® X @ UMD i3 f € LP(R; X) X 2 HEERMITR 3, Pif DFedIAVSHNS.
Operator sum method (Dore-Venni ('87 MZ)), H°°-calculus (Kalton-Weis ('01 MA)) : 1 < p < oo, UMD.
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.
1EF 1 Fourier-multiplier O &1

Tmf=F ' MOFFO  feSRX)
Weis ('01, MA)
X, Y: UMD Banach %M, 1 < p < 0o, M € C*(R\ {0}; B(X,Y)),
R({M(r) | T €R\{0}}) = Ro, R ({rM'(r)|r €R\{0}}) =Ry
— Ty : LP(R, X) — LP(R,Y), 3C = C(p, X,Y) > O s.t.

I1Ta fliLe R, y) < C(Ro + R)IfllLe (R, x)

@ M(r)=A(Gr+ A)~ 17 e R\ {0} WAL T ||AullLom;x) < Ol fllorrix) 2155.

@ {M(7)} ® R-AFIEIZRBELM.

® X @ UMD i3 f € LP(R; X) X 2 HEERMITR 3, Pif DFedIAVSHNS.
Operator sum method (Dore-Venni ('87 MZ)), H°°-calculus (Kalton-Weis ('01 MA)) : 1 < p < oo, UMD.

Da Prato—Grisvard ('75 JMPA)

1<p<o0,0<86 <1, X: Banach ZE#], A: X EHEEEOAMIERZ,
I=(0,T),0<T <oo0 5kET =00 5D0¢€ p(A)

—

Vf € LP(I; (X, D(A))g,p), I1lu € D(A) sol to (AC) s.t. u', Au € LP(I; (X, D(A))o,p)

— — = — SBRe

FORIERIME & E R RS AABCERES HEHERRY) 11/36




]
FEEAETE Navier-Stokes A FER D H H IR A E

Q) = {4y yn) € Ry xR xRy > i(ty) | CR® (n22)

Ve

N N a N N
Vi N\ N\ N N\~

Yn

o+ (u-V)a—divI(a,p) =0, t>0, y€cQ(H),
diva =0, t>0, yeQ),
T(@,p)ve =0, t>0, y€0N(),
o
(FNS) 1~ _a.w, t>0, y € o0t),
V1+|V7)2
a(t, y)le=0 = uo(y), y € Q(0),
7(t, y")lt=0 = mo(y') =0, y €RML,
_ — — — (v/ﬁ’fl)
T(@,p) = (Va+ (Va)') = pl, v = ——0?t.
(@,p) = ( (Va)") ¢ e

FORIERIME & E RS AABCERES (HEHRRY) 12/36



(FNS) O FeATHSE

@ JEE (bounded domain)

Solonnikov ('77, C2t 1+ % 'gg, Wp 1Y, Denisova—-Solonnikov ('91, '95, W[ l/2)

Mucha-Zajaczkowski ('00 W2'!), Padula-Solonnikov (102, '10, W*/?),
Shibata-SS.('07, '08, W2+), Kohne—Priiss—Wilke ('13, W2'!)

AHER, —REREIE
Shibata ('16, '20, W2

/
'//‘]

HEME (BEH D) [Photo by SS]
Beale ('80, '84, H4'*/?), Beale—Nishida ('85, HY'"/?), Allain ('87 HL*/?),
Tani—Tanaka ('95, wh 4/2) Tani ('96, w Z/z) Sylvester (90, He 2/2),
Abels ('05, W2''), Guo-Tice ('13, HY ’3/2) Saito ('18, W23})

M (KR L)
Priiss=Simonett ('10, '16, W;''), SS ('11, W;3+), Saito-Shibata ('24, W
W2t =L (L;W*P)n W (I; LP)

FORIERIME & E RS AABCERES (HEHRRY) 13/36



.
(FNS) O FeATHSE

R — VAAEZER]

we L'(Ry; HP) N W (Ry; H72P), % + % =1+s
(FNS) D5EATHIE
2,1 r 2,p 1,r P 2. n
Wy = LT (I, WoP)n W' (I; L), ;4-;:3

2<r<oo (BT CW)), n<p<oo (Wh C L)

THK L (FUKH) FORIERIME & E R RS AABCERES HEHRRY) 14/36



N
(FNS) DSEATHSE

R — VAL ZE R

we L"(Ry; HSP) N W' (Ry; H2P), %4—% =1+s
(FNS) O5eATHI%E
21 gr 2.p 1,r » 2 n
Wpyr—L(I;W YNWT(I; LP), ;-1-7:3
p

2<r<oo (BT CW)), n<p<oo (Wh C L)

HHEAMEIZR 7 =V AEEETEErhTwid o 7z,
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.
(FNS) O FeATHSE

R — VAAEZER]

we L'(Ry; HP) N W (Ry; H72P), % + g =1+s
(FNS) D5EATHIE
2,1 r 2,p 1,r P 2. n
Wy = LT (I, WoP)n W' (I; L), ;4-;:3

2<r<oo (BT CW,), n<p<oo (WP C L™®)
HHEAMEIZR 7 =V AEEETEErhTwid o 7z,
HE9: X7 —LFEZERTO (FNS) O@EIY
we CRY; By, 7)) NI R Byt P ) W Ry B, )
(B3, CH*?, s€R, 1<p< o)

THK L (FUKH) FORIERIME & E R RS AABCERES HEHRRY) 14/36



Lagrange Z#

dy
dt

(Lag)

= ﬂ(t7y)7 t >0, y‘t:o =x.
Euler B#%: y € Q(t) <= Lagrange E#%E: z € Q(0)

t
y(t) = x—i—/O‘ u(s,y(s,z))ds

FORIERIME & E R RS AABCERES (HEHRRY) 15/36



Lagrange Z#

dy
dt

(Lag)

= ﬁ(t7y)7 t> 0) y‘t:O =x.
Euler B#%: y € Q(t) <= Lagrange E#%E: z € Q(0)
¢
w0 =+ [ atsy(s0)ds
0

u(tv :E) = ’U,(t, y(t))7
p(t,x) = ﬁ(tz y(t))7
n(t, z) =t y(t)").
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Lagrange Z#

dy

(Lag) m

= ﬁ(t7y)7 t> 0) y‘t:O =x.
Euler B#%: y € Q(t) <= Lagrange E#%E: z € Q(0)
¢
w0 =+ [ atsy(s0)ds
0

u(tv :E) = ’U,(t, y(t))7
p(t,x) = ﬁ(tz y(t))7
n(t, z) =t y(t)").

R R s, O _ = o (VA -7

8177(t,$) = 8t77(t, y,) + a - V’ﬁ(t7 yl) = ﬂn(tvy) = un(tv :1,‘)7 t>0, zn € 89(0) = 8R7J»7

t t
0 < yn —7(t,y") =wn+/ ﬂn(syy)dy*/ Un(s,y)dy = zn.
0 0

Q(t) 13 Q0) =R} &SI .
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N
Jacobi 1741

Byi
Ox;

t Qu;
= [J(Du)]m_ =6;; +/0 3 (s,z)ds,

Zj

=), Vya= (00 Ve,
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N
Jacobi 1741

Byi

Ox;
dx
dy B

t Qu;
= [J(Du)]m_ =6;; +/0 3 (s,z)ds,

T
(J(Du) ™7, Vya=(J(Du) ) Vau
RETFER XD

%\J(Du)(t)\ =|J(Du)(t)|diva=0 ¢t>0, |J(Du)(0)|=1.
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N
Jacobi 1741

Byi

Ox;
dx
dy B

t Qu;
= [J(Du)]m_ =6;; +/0 3 (s,z)ds,

T
(J(Du) ™7, Vya=(J(Du) ) Vau
RETFER XD

%\J(Du)(t)\ =|J(Du)(t)|diva=0 ¢t>0, |J(Du)(0)|=1.

det J(Du) = |J(Du)(t)] =1

FORIERIME & E R RS AABCERES (HEHRRY) 16/36



Jacobi 1741

Oyi
Ox;
dx
dy
REFEM XD

%\J(Du)(t)\ = [J(Du)(®)|diva=0 >0,

t Qu;

= (J(Du)™HT, Vya=(J(Du)"!

. (s,x)ds,
Zj

)vau.

|J(Du)(0)] =

0
t o
f 81;;, s)ds
t dug

0 a2 (s)ds , n=3.

det J(Du) = |J(Du)(t)| =
t
(J(Du)™HT = cof J(Du) = I + H"fl(/ Duds)
L+ [y $4(s)ds [y S4i(s)ds
t 9
J(Du) = Jo o2 (s)ds 1+ Jy aZi s) ds
t o 9
Jo gzi(s)ds Jo Fay (8)ds

FORIERIME & E R RS

1+f0 a;“" s)ds
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-
Lagrange Z 12 D Ri#E

Ou — Au+ Vp = Fy(u) + Fp(u,p), t>0,z€RY,
(TNS) divv = Ggiy (u), t>0,z€RY,
T (u, p)vn = Hy(u) + Hp(u,p), t>0,z¢€dRY}
u|t:0:“07 z €RY,
vn = (0,...,0,—1)T

Fu (u) ;div(J(Du)*l (J(Dw) " HTvu — Vu) = nﬁ"*z(/ot Du ds)D2u,
Fp(u,p) = — (J(Dw) ' = )T wp =17~} /t Du ds) Vo,
Gaiv(w) = —t((I(Dw ™! = )T vu) = (131 ( / Duds) Du)
—arn (gt ([ D))
Hy(u) = - ( J(Du) ™) Vu+ (V)" J(Du) ) ) (D) = 1) Tvn,
(@) = DT Vut (V)T (J(Dw) "t = 1)) )vm

=12n- 2 / Du ds) Du vy,

—1 T 71—1 t
Hyp(u, p) EpI(J(Du) - I) Up = pr /0 Duds)p Vny -

FORIERIME & E RS AABCERES HEHRRY) 17/36



N
K Besov ZEf] ¥ F X Lizorkin—Triebel ZE[t]

seR, 1< p,o<oo.
{¢j(x)} ez Littlewood-Paley 2 #73f# for z € R™,

$(€) >0, suppd C {£ € R™ | 27" < [¢] <2}, ¢;(&) = (277€), > $;(€) = L(£ #0).

JEZL
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N
K Besov ZEf] ¥ F X Lizorkin—Triebel ZE[t]

seR, 1< p,o<oo.
{¢j(x)} ez Littlewood-Paley 2 #73f# for z € R™,

$(€) >0, suppd C {£ € R™ | 27" < [¢] <2}, ¢;(&) = (277€), > $;(€) = L(£ #0).
- ~ /o jEL
(2o« flig) 7, 7

jez

”f”B;ﬁ(Rn)
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K Besov ZEf] ¥ F X Lizorkin—Triebel ZE[t]

seR, 1< p,o<oo.
{¢j(x)} ez Littlewood-Paley 2 #73f# for z € R™,

$(€) >0, suppd C {£ € R™ | 27" < [¢] <2}, ¢;(&) = (277€), > $;(€) = L(£ #0).

~ . ~ /o jEZ
1,y = (220005 = Flg) 7,
i {f(w'm (2n > 0>}

. . a proper extension (zn < 0)
£l g5, eny =10f  1Fllgs @ny <005 ~ "
F=>0jxfinS'®R")

JEL
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N
K Besov ZEf] ¥ F X Lizorkin—Triebel ZE[t]

seR, 1< p,o<oo.
{¢j(x)} ez Littlewood-Paley 2 #73f# for z € R™,

$(€) >0, suppd C {£ € R™ | 27" < [¢] <2}, ¢;(&) = (277€), > $;(€) = L(£ #0).
- . ~ Jo  JEL
17l ey = (322705 FI) 7
i {f(w'm (an > 0>}

. - a proper extension (zn < 0)
Hf”Bga(Rj_)Emf Hf”B;;U(JR") < 005 B ~
; ’ f:quj*fin S'(R™)

JEL

1<p<oo,1<o<o0, -1+1/p<s<l/p=

: BS ,R™)
{f € B -(R"); supp f CR%}} 7 ~ By ;(RY)

» Triebel ('78), Danchin-Mucha ('09)
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N
K Besov ZEf] ¥ F X Lizorkin—Triebel ZE[t]

seR, 1< p,o<oo.
{¢j(x)} ez Littlewood-Paley 2 #73f# for z € R™,

$(€) >0, suppd C {£ € R™ | 27" < [¢] <2}, ¢;(&) = (277€), > $;(€) = L(£ #0).
- . ~ Jo  JEL
17l ey = (322705 FI) 7
i {f(w'm (an > 0>}

. - a proper extension (zn < 0)
Hf”Bga(Rj_)Emf Hf”B;;U(JR") < 005 B ~
; ’ f:quj*fin S'(R™)

JEL

1<p<oo,1<o<o0, -1+1/p<s<l/p=

: BS ,R™)
{f € B -(R"); supp f CR%}} 7 ~ By ;(RY)

» Triebel ('78), Danchin-Mucha ('09)
{1 (t)}pez: Littlewood-Paley 2 HES)fiE for t € R,

170ty ey = | (35 2 e » %)M

= LP(R)’

f~ _Jft, ) (t > 0)
"] a proper extension (t < 0) [’
F=3" ¢x=fins (®)
ke
THK L (FUKH) FORIERIME & E R RS AABCERES HEHRRY) 18/36

||f”F1§,0(R+?X) = inf Hprgvg(R:X) < 005




R
FAER: (TNS) BRI

I 1 (Global well-posedness of (TNS) (Ogawa-SS (‘24 MA, '24 JMSJ)))
n>2,n—1<p<2n-—1. 3Jgo € (0,1) s.t
lluoll S=lre < €o,
p,1 ]R+
divug = 0 in D'(R%).
= J1(u,p) sol to (TNS)

.14
ue C®e;B,, " (RY)),

) n D? _
| tu||L1(R+B P wn y tl u”Ll(R+B P ey
+ | Vp =il L + [|Plen= 1_ 1 _ <e
V2] e Iplen=oll B By =

D2y = 9;0,u (i,j = 1,---n), e1 = e1(n, p, 0) FEEL.
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]
TRER (FNS) ORI AIREE I

£:9(t) - R7 (= Q(0)) by (Lag).
® Theorem 1 = Vou € L'(0,T; BI/P(RT))
o BIMP(RY) C Cu(RY)
@ (J(Du) H)TV,u FERT, t=uo&~ 11X a.at TR Lipschitz i
EFIWPTFMHEBR L D (Lag) E—EA]fE.
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]
TRER (FNS) ORI AIREE I

Q) - B (= 9(0)) by (Lag).
® Theorem 1 = Vou € L'(0,T; BI/P(RT))
o BIMP(RY) C Cu(RY)
@ (J(Du) H)TV,u FERT, t=uo&~ 11X a.at TR Lipschitz i
EFIWPTFMHEBR L D (Lag) E—EA]fE.
% 2 (Global well-posedness of (FNS) (Ogawa-SS (‘24 MA, '24 JMSJ)))
n>2,n—1<p<2n—1. FHI1ILFUL e ML

luoll  —14n < €0,
P (pn

p,1

d1vu0—0|t o in D'(RY).

= EH 11283 (TNS) ORERIRIBN—EM (u,p) DFIERL a=uo& L, p=poc~1 X
(FNS) DIRfRAI — R 7.
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]
TRER (FNS) ORI AIREE I

£:Q(t) = R™ (= 2(0)) by (Lag).

® Theorem 1 = Vou € L'(0,T; BI/P(RT))

o BIMP(RY) C Cu(RY)

@ (J(Du) H)TV,u FERT, t=uo&~ 11X a.at TR Lipschitz i
EFIWPTFMHEBR L D (Lag) E—EA]fE.
% 2 (Global well-posedness of (FNS) (Ogawa-SS (‘24 MA, '24 JMSJ)))
n>2,n—1<p<2n—1. FHI1ILFUL e ML

luoll  —14n < <o,
p,1 ? Ri
divug = 0|,_, in D'(R%).

= EH 11283 (TNS) ORERIRIBN—EM (u,p) DFIERL a=uo& L, p=poc~1 X
(FNS) DRI — = .

» Danchin-Hieber-Mucha-Tolksdorf ('25, AMS Memoirs)
» Shibata—Watanabe ('25, JDE)
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FRERICOWT

@ HITH o 7R — LRLZER

.14 L1 . -1+
weCRy;B,, P)NL'(Ry; B, P)NWH (R B, F)

To (FNS) O#YMEZRE 7.
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FRERICOWT

@ HITH o 7R — LRLZER

.14 L1 . -1+
weCRy;B,, P)NL'(Ry; B, P)NWH (R B, F)

To (FNS) O#YMEZRE 7.
(2]

, , . 2
we L™ (Ry; HSP)nWhr (Ry; 1527), 210 145
r p

WKBWT r=1TRSTHRT—IAAFREEMTH 20, Fiicr =1 & LZHHIERICK .
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FRERICOWT

Q HIITH o725 — AL
we CR B,y P)NLA R B ) AW R B, 7)

To (FNS) O#YMEZRE 7.
(2]

we L"(Ry; HSP) N WL (Ry; H3~2P), 2 + 0 14
T p
WKBWT r=1TRSTHRT—IAAFREEMTH 20, Fiicr =1 & LZHHIERICK .

@ K2 TRINIZ&LIIT, (Lag) TEE D £ : Qt) = R (= Q(0)) »MAFHEEHZ L 2D,
Lagrange ZH47{D (FNS) QIR —EAREIRSI N2 729,
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FRERICOWT

Q HIITH o725 — AL
we CR B,y P)NLA R B ) AW R B, 7)

To (FNS) O#YMEZRE 7.
(2]

we L"(Ry; HSP) N WL (Ry; H3~2P), 2 + 0 14
T p
WKBWT r=1TRSTHRT—IAAFREEMTH 20, Fiicr =1 & LZHHIERICK .

@ K2 TRINIZ&LIIT, (Lag) TEE D £ : Qt) = R (= Q(0)) »MAFHEEHZ L 2D,
Lagrange ZH47{D (FNS) QIR —EAREIRSI N2 729,

o SEGLMIASBET, BY | (RY) 75 Banach RILL %5 72,
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FRERICOWT

Q HIITH o725 — AL
we CR B,y P)NLA R B ) AW R B, 7)
To (FNS) O#YMEZRE 7.

uw € L"(Ry; H3P) N WL (Ry; HS™2P), g+E:1+s
r o p
WKBWT r=1TRSTHRT—IAAFREEMTH 20, Fiicr =1 & LZHHIERICK .

@ K2 TRINIZ&LIIT, (Lag) TEE D £ : Qt) = R (= Q(0)) »MAFHEEHZ L 2D,
Lagrange ZH47{D (FNS) QIR —EAREIRSI N2 729,

o SEGLMIASBET, BY | (RY) 75 Banach RILL %5 72,
o JEHIH

t t
swpll [ Dudsl| »  <swp [0l uen ds= D%l iw
>0 Jo BP ®n) T t>0J0 B,, P®RY) LYR;B, ; P (RD))
YEIMIX B, BRICOWT LY TRITIUE T OEEIFHN TRIBESIENZ 12579,
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|
Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

Otu — Au+ Vp = f, t>0, zeRY,

) divu =g, t>0, zeR?Y,
(Vu + (Vu)T —pI) vn = h, t>0, o' € R"il,

u(0,z) = uo(z), z € RT.
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R
Stokes /7 T2 D FHAMESR

SHERTEIN 5 % Bk L -1E R

Otu — Au+ Vp = f, t>0, zeRY,

) divu =g, t>0, zeR?Y,
(Vu+ (V)T —pl) vn = h, t>0, z eR*" L,

u(0, %) = uo(x), z € RT.

EIE 3 (BA L-EAI% (Ogawa-SS (24 MA, '24 JMSJ))

l1<p<oo, —1+1/p<s<1/p. I1(u,p) of (S)

u € Cp(Ry; By 1 (RY)),
iff p!zn,zo € F1 1 T (Rt; B 5,1 (R™ ).
—
uo € By 1(RY), feL'(Ry; By (RY)),

divuo = g|,_, in D'(R%),
Vg € L'(R+; By 1 (R})),

heFf1 %Ry B s 1(R™1) N LY (Ry; B, )

Bru, Au, Vp € L' (Ry; B, 1 (RL)),

V(-A)"lg e WH(Ry; BS

1(RY)),

D Rey),

FORIERIME & E R RS

v

AABCERES HEHRRY) 22/36



|
Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

ek

uHLl(HLr‘BS L@y T HDZu”Ll(DLr‘BS LR

+||v s @ny T 2=0] 1L
[ pl}Ll(R+B 1 (RT) [[Plz,=ol 1%1 - P (R85 (Rn1))

<C(lluollgs ey + 1712185, )
+ vaHLl(R+§B;,1(Ri)> + Hatv(_A)_lgHU(RJr?B;,l(Ri))

Rl g p Rl s ):

2 n— : —
B2 (B3 (RR1)) LiRy:B, ) P (ERL)
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|
Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

||8t“||L1(R+<BS 1 (R7)) y T HD2“||L1(R+<BS 1 (R))

+||v s @ny T 2=0] 1L
[ pl}Ll(R+B 1 (RT) [[Plz,=ol 1%1 - P (R85 (Rn1))

<C(lluollgs ey + 1712185, )
+ HV!]HLI(RJr;BS 1 (RT)) + Hatv(_A)_lgHU(RJr?B;,l(Ri»

IRy + 1Al ):
P2 OPP(RyBy  (RRTY)) LI(Ry;B,, P (Rr-L))

» Solonnikov ('87), Denk—Hieber—Priiss ('03,'07), Shibata—SS ('08), Danchin—Mucha ('09,'15), Priiss—Simonett ('10,'16).
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|
Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

||8t“||L1(R+<BS 1 (R7)) y T HD2“||L1(R+<BS 1 (R))

+||v s (@ny) TI[Plen=0]| 1L
I pl}Ll(R+B LR [[Plen=ol| 1%1 - P (R85 (Rn1))

<C(lluoll sy ayy + 1153 )
VOl ey 1OV A) gl g ey

IRy + 1Al ):
P2 OPP(RyBy  (RRTY)) LI(Ry;B,, P (Rr-L))

» Solonnikov ('87), Denk—Hieber—Priiss ('03,'07), Shibata—SS ('08), Danchin—Mucha ('09,'15), Priiss—Simonett ('10,'16).

© Jik LP-EHIE (1 < p < 00) DR TIDIT 7 o 7k L1-IERIM: % B -5
BRI LT, B, JEFFRERT — & h OREHD 5 R TRE L.
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Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

||8t“||L1(R+<BS 1 (R7)) y T HD2“||L1(R+<BS 1 (R))

+||v s (@ny) TI[Plen=0]| 1L
I pl}Ll(R+B LR [[Plen=ol| 1%1 - P (R85 (Rn1))

<O(llwoll g,y + 17111535,
+ HV!]‘|L1(R+;BS L (R7)) + Hatv(—A)_ltqHLI(RJr;B;J(Ri))
IRy + 1Al ):
F2LPP Ry By (ROY)) LIRyB,; P (RL))

» Solonnikov ('87), Denk—Hieber—Priiss ('03,'07), Shibata—SS ('08), Danchin—Mucha ('09,'15), Priiss—Simonett ('10,'16).

© Jik LP-EHIE (1 < p < 00) DR TIDIT 7 o 7k L1-IERIM: % B -5
BRI LT, B, JEFFRERT — & h OREHD 5 R TRE L.

@ Banach Zfl X & UMD TAW X =B, (-1+1/p<s<1/p) ZH->TW3.
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|
Stokes 77 2R D HIHHES SFHUERTE I § % Rk L-IERIE

||8t“||L1(R+<BS 1 (R7)) y T HD2“||L1(R+<BS 1 (R))

+||VPHL1(]R+ iBS | (RY)) +Hp|$n70” % *
Fra

<C(lluoll sy ayy + 1153 )
VOl ey 1OV A) gl g ey

IRy + 1Al ):
P2 OPP(RyBy  (RRTY)) LI(Ry;B,, P (Rr-L))

» Solonnikov ('87), Denk—Hieber—Priiss ('03,'07), Shibata—SS ('08), Danchin—Mucha ('09,'15), Priiss—Simonett ('10,'16).

@ A LP-IEAIE (1 < p < 00) O—FEHEGRTIDN TV D o F2 ik LI-IEHIE: % I fE-53
FHUEREICN L TEW . R, IEFRER T — & h OB D15 %ﬁt%i“ﬁjﬁﬂibt.

@ Banach Zfl X & UMD TAW X =B, (-1+1/p<s<1/p) ZH->TW3.

@ Da Prato—Grisvard BFTIE LY (R; (L5, D(Ap))e,1) & W BDFEAMEDOZEMERZ T
VAN
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|
Stokes A D WIHMERIEII N § 5 F K L-IEHIME:

Step 1

—Ap =3, t>0, z€R",
Glzy=0 =0,  t>0, &/ €eR"!
¢=(-A)"1g=Gxg. (G & Newton %) —V -V¢ = —divVe = g.
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Stokes A D WIHMERIEII N § 5 F K L-IEHIME:

Step 1

—Ap =3, t>0, z€R",
Glzy=0 =0,  t>0, &/ €eR"!
¢=(-A)"1g=Gxg. (G & Newton %) —V -V¢ = —divVe = g.

Step 2 fT: (f107 . g_lvfyeL)Tx up = (u8717 .. ~U8,n_11“8,n)T,
Otu — Au+ Vp = f, t>0, ze€R"
divu =0, t>0, z€R"
u(0,z) = uo(x), z € R™.
> f ug PIGRICED plg,,—0 =0 7D, £ p OEFGEHENERL S <22
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|
Stokes A D WIHMERIEII N § 5 F K L-IEHIME:

Step 1

—Ap =3, t>0, z€R",
Glzy=0 =0,  t>0, &/ €eR"!
¢=(-A)"1g=Gxg. (G & Newton %) —V -V¢ = —divVe = g.

Step2 f=(f, - o1, F)T w0 = (udy, - ud ,_y,uf )T

Otu — Au+ Vp = f, t>0, ze€R"
divu =0, t>0, z€R"
u(0,2) = o (z), x €R™.

» f. g DIRICED ple,—0 =0 &&D, FJ1 p OB <25
#nid 4 (Ogawa-S (‘16 MA))
1<p<oo seR.
18cullprmy ;85 | ®myy T 1AUl L1 R, 553 | @ny) T IVPIL Ry B | ®e)

S C(HUO”B; 1(R7L) 2 HfHLl(R_'_;B; 1(R7L)))-
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|
FIIER R N3 % &K L-1ERIE

Ou — Au = f, t>0, z€eR"
u(0,z) = uo(z), z € R™.
Hatu”Ll(R*,;B;’l(R")) + HAU’“LI(R+;B;’;Y1(R”)) < C(H""O”B;’I(Rn) + HfHLl(l§+;B§71(R"L)))‘
» Danchin (01 Inv. Math.), Giga—Saal ('11 DCDS)
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|
FIIER R N3 % &K L-1ERIE

Ou — Au = f, t>0, z€eR"
u(0,z) = uo(z), z € R™.
Hatu”Ll(R*,;B;’l(R")) + “A’U'HLI(LELF;B;;J(]R”)) < C(H""O”B;’I(Rn) + HfHLl(l§+;B§7l(u{{"L)))'
» Danchin (‘01 Inv. Math.), Giga—Saal ('11 DCDS)

< ASA d
¢S lorruoly < S /{)n eBugll, ds

m<l<k m<t<k

) . _52(j—k)—2
< CZmln(22<7 ™) e? M#s * uollp-
JEL
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|
FIIER R N3 % &K L-1ERIE

Ou — Au = f, t>0, z€eR"
u(0,z) = uo(z), z € R™.
Hatu”Ll(R*,;B;’l(R")) + “A’U'HLI(LELF;B;;J(]R”)) < C(H""O”B;’I(Rn) + HfHLl(l§+;B§7l(u{{"L)))'
» Danchin (‘01 Inv. Math.), Giga—Saal ('11 DCDS)

< ASA d
¢S lorruoly < S /{)n eBugll, ds

m<l<k m<t<k
<CD min(2207™),
JEL
Q. L'(Ry; Bs | (R™) @ By | (R") & Hy(R") IKEEZX B Z L3 TEROR?

_92(i—k)—-2
e 2

M = uollp.

C(HUOHB;I(RTL) + ”f”Ll(]RJr;B;l(]R"))) < ||8tuHL1(R+;H;(R”)) + ||AuHL1(R+;H;(RTL))
B3, (R") € H3(R") KD EERZ 2 Z LIFTERL,
iH7K FORIERIME & E R RS AABCERES HEHRIRY) 25/36




|
Stokes /7 23\ D 5 SFHEME

Step 3 f=g=ug =0 DFFR. » Shibata-SS ('03 DIE, '08 Crelle)
Un (T> 5/7 xn)

_ 1¢'] , , Bl¢/|~te—l¢len  e=Ban \ (i W)
= Gmimee (e w0 S0 (B

= a(’rv flv z’ﬂ)i]/(Tv f/)v

B(r,&') = Vit +[¢'[?, Re B(7,¢') > 0.
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|
Stokes /7 23\ D 5 SFHEME

Step 3 f=g=ug =0 DFFR. » Shibata-SS ('03 DIE, '08 Crelle)

an(7>£/7 Zn)

' N-le=l€len  o=Ban \ [T
- e 2~ IR <B'5 T )(ul h>>

= a(’rv flv z’ﬂ)i]/(Tv f/)v
B(r,&') = it +[¢'|?, ReB(1,¢') > 0.
Lopatinski 17515\

D(r,€') = B(r,&)* + [¢'| B(r,€)* + 3¢/ B(r,€") — ¢/,
D\, E) #0 for {)\E(C\{O}; —g —5<au“g/\<g—&—5}7 0<e<m/2
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|
Stokes /7 23\ D 5 SFHEME

Step 3 f=g=ug =0 DFFR. » Shibata-SS ('03 DIE, '08 Crelle)

an(7>£/7 Zn)

' N-le=l€len  o=Ban \ [T
- e 2~ IR <B'5 T )(ul h>>

= G(r, ¢ zn)h(r,€),
B(1,&') = /it + €2, Re B(1,£") > 0.
Lopatinski 17317
D(r,¢") = B(r,€")> + |¢'| B(r,&')* + 3|¢'* B(r, &) — [€/°,

D(\E)#0 for {/\e(C\{O}; —g—5<arg/\<g+s}7 0<e<m/2

Ovun (t,z',zn) = 0:G(t, 2", 2n) ( * )h(t, x').
t,x’!
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]
FUhErIY Littlewood-Paley 77 f#

{®m(z)}mez: Littlewood-Paley 253 for x = (z/,zn) (cf. O-S ('22 JEE))
1, 0<|gnl <27,

Cm(€n) = {smooth, 2™ < |€n] <27 C(6n) = Gmo1(En) + dm(En)

0, 2" < e,
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]
FUhErIY Littlewood-Paley 77 f#

{®m(z)}mez: Littlewood-Paley 253 for x = (z/,zn) (cf. O-S ('22 JEE))
1, 0<|gnl <27,

Cm(€n) = {smooth, 2™ < |€n] <27 C(6n) = Gmo1(En) + dm(En)

0, 2" < e,

B (6) = (€)@ Gt (6n) + G (1) @ o (),
S Fa©) =1, €= (€6 R\ {0},
meEZL
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]
FUhErIY Littlewood-Paley 77 f#

{®m(z)}mez: Littlewood-Paley 253 for x = (z/,zn) (cf. O-S ('22 JEE))
1, 0<|gnl <27,

Cm(€n) = {smooth, 2™ < |€n] <27 C(6n) = Gmo1(En) + dm(En)

1
0, 2" < e,

B (€) = o () ® Gn1(En) + Cn (1) @ D (0),
S Bn©) =1, €= (,6) €R"\ {0},
meEZL
fn

2m+1

om

2!:171

m—1 gm m+1
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|
BT — & D

||||8tun(t)||Bs (R")”Ll w2y = |l Z 25T || (D, * OL G * R)()l e (rn) < M(t) + Y (1).
Pl (R¢)

mez ‘Ll(R")
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|
BT — & D

< M)+ Y(t).

16w g,y 1y = I 22 27 1@ 4G % WY@ ny .

mez

BT — & b 2IRFRECEE ¢ 2RI 0 E T 5.

hta') =30 (D2 + 3 Jonlt) x d5(a’) 3 bt

k€EZ k>2j k<2j

€'l ~2"j e

e

et

e
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|
TSR i

[10eun Ol s | @myll 1. r,y = H” XG:ZQWH(@*&G*h)(t)HL”R"’) Ly SMOFYO).
wo = S ([ on) ) X (X + X)
meZ Ry (") lj—m|<1 k>2m  k<2m
0iG(t, 2" wn) x r(t) x di(a’) % h(t,a)|? dz )w\
T e () T @y T ey T LY(Re)’
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|
TSR i

6eun @55, @my 1. yy = H||m26322 H(@m*atc;*h)(t)umw)) gy SMO+Y(0).
v = S 2m( [ llomt 5 X (3 4 3
mezL Ry @) lj—m|<1 k>2m  k<2m
1/p
/ i "N ||1P
Gt n) 5 r(0) 5, 65(a") b nrden)
f#iRE 5 (Almost (psuedo) orthogonarity V5, )
Vt, 2 € Ry, 3Cn > 0 s.t.
& E_ nyay 251, 2F ;
Cr22 (14 (22z,)" %) e ’ ”W, k > 2m,
||(atG*wk*¢m)(t7'»mn)HLl < ok
=’ m +2 )*2""71-'1”/:1,
Cp2™(1+ (2™zn)" %) e 22’ k < 2m.
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TSR i

[EERGIF e [
meEZL
M(t) = H > 25’"(/]R || (=) & o>+ >)

meZ + [j—m|<1 k>2m  k<2m

) < M(t) + Y (t).

0:G(t, @, xn 164
't ( L, T )(t;‘;/) wk(t) (t;‘;’) ¢](x ) (*>h’(t T )HLP(]R"_l

f#iRE 5 (Almost (psuedo) orthogonarity V5, )
Vt, 2 € Ry, 3Cn > 0 s.t.

dxn)l/p‘

) L1(Ry)

. k_q k
Cn2 (1 + 28 zn)nt2) 22 Ton 2

—— k>2m
kpy2? = <M
[(8:G * . * ) (2, - HL1 < <22£>
=’ m n+2y —2"" 1z ~
CR2™ (1 4+ (2™xn) )e (2’%)2’ k < 2m.

< a5 — k
1(BG b, % ) (1 s T )n | 11 < Cn2B (1 + @F ) ¥2) e 22 Ton 2

k:
(zn =275 < Chp o-lb—0_2" o , k> 2m.

)2’
> i 8 1T RMERICRZI RN, a2y BT DE k/2 LB DI S EHI

AABCERES (HEHRLRY) 29/36
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|
TSR i

E B os—1 2k
||(8tG*’¢k*(bm)(t"’xn)ll[,i/ SCn22(1+(22xn)n+2)g 22 L,LW7 k> 2m.

MO (= [10un®ll gs | @n)llz1z,)

<cH Z 2 / (> /+ [06Grem (t = s, ,,zn)HLi,H{p}(s) 5 hm(s,.)HLz/ds}pdzn)l/PH

k>2m

L}Ry)

k

k
5 g2t 2 1/p
<c| 32 2o / 25722 on /7 Yr * hm(s, )|, p ds)Pde
Hmez Rp k>2m ) ]R2k(t—s)2” k(s) " HLi/ } ") HL%(R+)

LW o (a9 ds(/ e*P2%’lwndx )1/p}||
2k( 73)2 k m (S, L;, R+ n L%(R+)

:cugzzm{ > o2f

k>2m R

(L- Ly .
SCZQ 27 2p Z gsm

keZ me”L

2k
/R ez lvE 3 e .>||LZ/dSHL%(R+)

<oy ozt S 2'”"’HHwk &5 hvn(sv')HLi,”

1
kezZ mez Ly(®y)

SCHhHF‘II/IQ*1/2P(R+;BS n-1

S @)
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b L — R it
& 6 (Sharp boundary trace)
l1<p<oo, -1+1/p<s<1/p.
sup f'7'7xn . + f 5 Tn s+1—1
oneRy (I )”F}Il o (r585, () H( )||L1<R+;B,,ﬁl II’OR"—l)))
SC(HVfHLl(RJr;B;l(Ri)) + ||atv(*A)_1f||L1(m+;B;)1(R1)))'
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kL — 23

& 6 (Sharp boundary trace)

l1<p<oo, -1+1/p<s<1/p.

sup (|[Cozn)l] + [5G,z st

. Js1-1
TS By P (RyBy G (RP1) L'(Ry;B,, P (R1))

SC(HVfHLl(RJr;B;l(Ri)) + ||atv(*A)_1f||L1(m+;B;)1(R1)))'

R
[Dulep=oll 32 + [ Dulz, =ol| s1-
FPy PP (RyBS  (RR1)) LY(R4;B,; P (R"™1))
SC(||Au||L1(R+;B;1(R1)) + ||atuHL1(R+;B;71(1Ri))>'
ti(fA)_é, j=1,...,n & By , (1 <p,o< oo s€R) LOHRMEMHA
oz ’
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R R Hi

#nRd 7 (bilinear estimates)

(1)1<p< oo
Iz o <Oz ol 2
2 ® J®R) B (RR)
(2)1<p<2n
Ifgl —aen  <CUfl 2 gl —ren
B,, P @) B @) BT R
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R R Hi

#nRd 7 (bilinear estimates)

(1)1<p< oo
Ifall 3 o SCUIL T2
P @n L®2)BP (R?)
(2)1<p<2n
ol —en  <CUfla gl —ien
p,1 +) pl( +) p,1 (R )
i t
Il | s =G Duds) VRl s
LY(RysB,, P (RL)) 0 LYR43B, ;. P (R}))

t
<CIVel  in an—l(/ Duds)| _ a
LiR4:B,, 7 (®)) 0 Lo (R BP | (RY))

<C|vp| Ciyn o sup] Dudsu =2 ( / Duds)|
LY(Ry;B, ; P (R})) t>0 Bpwl(Ri) 0 Loo(Ry; B} 1(]R )
<C Y |ID%ul* n Vol —14n
Z L1(1R+;13pi+ (R7)) L1(Rg; B +P (R"))
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|
B SO S

1<pp<oo rseR.
.~ . 27 2% ||y 5% a fe
| ”B;J(R%B;,l(wa) % 72 [ i
(171l % S]H‘% * f(tv1/)HL§(R+;L;7(R:,—1))'
J

#nid 8 (Boundary bilinear estimates)

!
Mgy so@n )

Lo (Ry B2, (Bn—1))

n>21<p<2n—1.

IFGI -2 _
Fiy (R+,B,,1 » @n-1y)
SOUFN 4 p e NPl s
B P Ry;B,; P ®R7TL) L'(R;B, T (R"—1))
x (Gl | —~ o + G|l =il .
B2 P (R4:B,; P ®r-1)) L% Ry ; B, 7 ®r-1))
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|
B SO S

1<p,p<oo, rseR

rk s /
Hf||3,%+s35,1(ﬂ¥"*1> ;%‘22 ;2 ]H% 50 5y The )‘|L5<R+;LP<R§71))’
S !
||fHL;\(§+;BS ®-1)) J% ]||¢’J X f(t7I)HLf(R+;LP(R:,_1))'

#nid 8 (Boundary bilinear estimates)

n>21<p<2n—1.

IEGI 1 x _
BT @ TP @)
<C(IFll 1- o 1rn +1F n-1
FPy P ®yiB,, PR LY (Ry;B, 7 (R™1)
x (Gl | —~ n + G|l =il .
B2 %P (Ry; Bpl P (Rn—1)) L% Ry ; B, 7 ®r-1))
v
Hy(u) = Hg;’fz(‘/g Du d.s) Duvy
t
| [ Dudsla,moll , <IDulan=oll yop  w
0 B2 % (B, P @01 By P (ResBy, PR
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|
B IERIE R

t
Hy(u) :Hiﬁ_z(/o Duds)Duun7

t
Hy(u,p) == ngfl(/o Duds)pun.

A 6 (N L —REHi) + A 8 (BISUBRMERTH) =

pat

|Hu(w)|] 1_1 ym
B2 R, B L P k1)
<C(IDulep=oll 32 14w + | Dulz, <ol e )
FPy PP (RyB, ;P (RTL) LY(Ry;B, P (Rn—1))
2n—2
x > (IDulay=oll 31 _iyn + [ Dulz,=ol| n=1
k=1 F171 P(]RJr;prl P (Rn—1)) Ll(RJr;Bpf (Rm—1))
2n—1
k
<O (0wl aen D% )R
k=2 L' (®43B,, * (®Y) LY®R4:B, , " ®}))
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Banach—Caciopolli DB sE M i/ NEBR D )

n

— . —14+n
— 1,1 . 2
u€CRy;B,; PRY)NWI T (Ry; B, P (RY)),

- N R
=4 (Au,Vp) €L (R+;Bp,l (RY)),

[N

1 _14n
- 2p P
o €F

> + n—1
p| 21 P @Ry B, PR, l(wp)llx <M

Tn

_ 2
I(w,p)Ix = 10tu, D u, Vp|| L -1+2 + HP\In:Oll 1oL
L(R43B, 4 (RTE)) FE PP (RyB

+2 :
P (rn—1y)

-

p,1
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|
Banach—Caciopolli DB sE M i/ NEBR D )

n

— 5 on 1,1 g
we CEnB,, P®)NWIIRLE, | P RD),

X = 1 R
= (Au,Vp) € LT (Ry; B, 4 (RY)), ’

[N

1 n
_L _14n
2p ‘*‘,;

4 . .
Plo—o € BFY PRy B, P @Y, lwp)lx <M

— 2
ll(u, )l x = 195w, D2u, Vpll Ci4n +lpl,, _oll

1_ 1
Li®ey:B,, P @) B2 P (ryB

+2 :
P @)

-

p,1
Given (v,q) € X

Otu — Au+ Vp = Fy (v) + Fp (v, q), t>O,IER1,
dive = Ggjy (v), t>0,IER1:

T(u, p)vn = Hy(v) + Hp(v, q), t>0,z € Bki
u{t:():uo’ :cE]RiA

P:X > (v,q) = (u,p) = Pv,q) € X

2n—1

(v, alllx < (ol e+ D M),

P
p,1 (Ri) k=1
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