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Figure 1: Hilbert Bg%
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JLlE, RTHEZ60 35,

G Fu /(R D) — (k -]: 2) - (k - Izzvl + 2)
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Figure 3: [ = (z129,77)
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ZOXRITERTHEA%Z [ O Hilbert ZHAEMNR H(k 1) L HEFT,

2, Hk; D) =0k DL &, d% I D Krull XJt &N E T, (Krull X
TLdE V() OEENRILE =L 9, $IZ21F V(1) 2% manifold THIUL
d 1 manifold & L TOXRIGIZ—HL £7, )

a2 WO EREICE L X L& ). BOERERER D, = K(21,...,2,,01,...,0y)
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.Til’j = Ijl’i

@8]- - (?](91

bEAA, TABRBICERL TP T, fMEIEA & LR & 228 D 3772
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WEARLKRTH A Z LD, GEHINTOVET, RYIWOEHFERZE LA L
EFT 2 & Z I, HEHABE K X7 FVZERE RTP-> T, SHEARD S
ZIHABRAND K HEFIEDEK T 20T, ZHADDFHE L derivation T4
RIS NDEAREE LTERL TV ERTT 4, TIUIMEZMEL & ZI,
EFHICEMBEZTTTTN, SE3IBIIw) LIl T, FEIEFEL %
WEBLTHH)ZEICLET,

4. multi-index T 229% = 2§ -+ 290} .. 0 EE» NI HIHKX DM D
2NEf %
229°% > 29"
& la] + 8] > |o'] + |7

or (la| + 8] = || + 8| 22 (a, 8) — (!, ) DEWRAD 0 T\ L7 D3IE)
TEDSHZEIZLET, ZDIHF% Graded lexicographic order & FEINE T,
WOTTEME € = copar®0® + (< 12DV TOEKRIE) 1K L T IR K[z, ¢
DIL

in.(0) = copr™t’ € K[z, €]

Z <IZOWTD LD initial EMFOET, BOTEARE D, DA 77V I
LT, 20 (EF <IZO0WTD) A4 =¥ Y VA TT L%

in (I) = (in.(O)|0 € I) C K|z, €&

TEDET, in () I3E/ I TPNMATTNVTY, /A 770V 1 D Hilbert %
IHA %
H(k; 1) = H(k;inc (1))
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TEHLEL X, HiET, £/ I71VA F7NICKT 3 Hilbert ZIHA%Z
B LIRTTH, 2T, DAL T 7T % Hilbert ZIHA % E
#LET, CARLDFETEZD ERMNCEIRTTH, VL 7 FHHES
fif 9 & Hilbert ZHAUIFHETE T, BIETIIV A A% computer algebra d
Y7+ =7 T hilbert A ED... EAND E, TIEMRL TS NET (+
NS R S),

Bl 3.~ SVHlEP>TEBEL VDT, [=(01,...,0,) £T5&, 2D
A= VE inc(l) =(&,...,&) BV ET, TNV TFHEKZRE)
ETREET (ZOHERMEDLRLTHOHNKS), Kz, ¢)/in (1) = K(z] %
DT, hilbert ZIAE H(k; 1) = (*1") = O(k") & n XA THIT 3.

BN By = {3 o e Cst®0) & £ 2T B 8 ROEHDIXD LB
7.

T 4. koK T
dimg Fy/(Fx N I) = H(k; I) = H(k;in(I))

ZOEMOHIZ, L 7T REOMERE MR TIUSHR T IS, I
20072 LEEMBATANZNTLE I DT, SHIFPH FHA ([2] D 1.6 i,
6.6 fizld), 5T, JL7FHEZIMEPL>TLLO0EVIE, A TT
W IZDWTOERERZ W E ZITIE, in (1) IZOWTOERE ESTET
PIUTKEGD L L E VI DD, —FTE) LV 7 FHEEDIHGRTT 6,
ZIHIVRIHEHRIIERD T EBHKLIRTT,

KEICHo7-Fh1 ) Ty 7RI2OVT, BHLZZWDOTTA, Z2D7:0
I, b9 —DOEEPDLEICARD T,

EIE 5 (Bernstein A%NX). D, EI138R% 2 D, DEATT7IVTITHL T,
H(k;I)=O0(k™) %251 Em >n L5,

2OV IEHICABE L CHBR Y L T, ZHEHABROAL F7LTH
E, 2D Krull RITIMMEEDOIEAEL 2 E b TTHR, 1 TH2TH 3T
H4THh, FIFE, MOERERD A4 77 VSN T % Krull XooiH4 o
bDIEFNT n Pl EICkRs, 20D B3NS < Bt n v ) IEFITR OISR
DO LE T,

IoZD P33 ZRTHSEH E. ZDAT7ILD Krull XItlE n T lower
bound ZEK L 9, PLEZTHLZWETLIATTR, 2D TTIIC
EAROTERZZR LT, A T T7UIEER D, 12725 TL £\, Krull X



TLEN—1EPn -2 EDITIFTEEFEA, MANTERVE W) T LELRFE
LT3 DHS, Bernstein DAZHEATT,

OO b IHEIOBARTEHI L £, &2 IX7 V7 il 2] @
6.8 HIlZHEEHEFH W TH 5 DT, KT 5 NIFFEATHA TSI v,

m =n &7 % I % holonomic ideal EM-OEY, £7, Bl M =D, /I
l% holonomic D,-module &FEENZ2YD—2DHIc>TnWET, Fu/
Sy ZIEEBEPHLWTTY, LW TWALA L WHEE 2L TWwa e
W AL ST ET,

CNTHIF—a~vHD B3O F L7, WOLHRELTHELE
2 I THEARIRE L TRIEDA LD §2A T, SHIZOATD EFIC
fIPVERIDHAUTERI L T ZZ v, M\ Td?

BEEB:OHD, [ #5272 L ZIZ holonomic 22E I E VI D
IZ...

7L 7 FREEZFHE L T initial B L ¥ 942, initial L 72 6. 4 Z Hilbert
B3 HE L £ 94, ZDORMETEE T,

FEEE B A, 4 7 7)VD generator &5 27 & ZIZ, holo-
nomic 2 EIDEHEL TKNEY 7 727 ANIEHLAT
TH?

HHET, HYH 9, Macaulay2 IZ1F is.holonomic &\ 9) BIEDIH V) £ 7,
Z#> Risa/asir IZH ns_twistedlog.holonomic * &9 BAIH D £9,

JEEE®E B: initial ideal DALFZ L V) DI, A T 7LD generator
O initial 7217 TEALLTRET L, 9\ D2 HEIRICH
PLTHELTINS/TTE?

Z9TTh, EZFTHEITNWE D THL2LE ) DE, HIET D07
L7 FREOMETT,

Holonomic DMEHIEEIMEE G DX, WoldWwH->T, ZOEND%E T =
v 7 THIUIRWEIRTT D, —MITHRMRDE 2 654/ &£ Z, Z D holonomic
MEDHFEIZHEL VLD HHWTT,

il 2> 72T I ?

& C: /L 7R » %< T, AREIRO— RN 22 AlE 1%
ZHH 597

4import ("ns_twistedlog.rr"); TNy 7 —Y % HiAAL Ll 5.
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involutive base O —MRNZHIEED 7L 7 FFHE1 72,
FEEC: 777 v P THUEUTWwAZ L%

777y FTHUTWa X )RR 2 LEb 7L 7 EEZHCET, H
ZIE, GDEI BTV 7 HEEERZE>TP5 L, #47 blacket TPHU
7,

ASHEEH L 72 WAREGR D main theorem 22N T9, ZOEMIZFT /
S v 7 ROMEROEHINAG S N AT TT, ZoEMICH T 28y
MBEORERZ 7'V 7 —HETET T2 7LV XL %25 2 72 D03KFIAK
TIARANDIEHA 4] I2ETHDLR NPT VREHLHTHY £, L7
F =it [2] 6 BB T 2 HCM ~DJBH & & b2 2 DB AT
LThhEd, ZITId Bjork DA [3] I DOIEHEZ AN L £,

EI 6. D, /I D holonomic D,-module 7% 51X, ¥ MEE D, /(I + 0,D,) %
holonomic D,,_1-module

M = D,/I,My = F,/(F,NI) L&, I DS module (X M/0, M & [FH
Mz %, T, 0=0,, =2, £BL,
O: M — MMPHEHRDE XX, OM,_, C M, 72D T,

dimy M/ (M 1 M) < (SR + O ) = (5

— O(kkfl)

(k= 1)"+ O(k" ™))

n!

K X7 bV E LTORB FL/(F. 0 (I +0D)) = M, /(M) 0 M, H35% H
VODT OK.
O: M — MDPHEETHRWE X,

N={mecM]3k m=0 in M}
IDLE,
(7) N/t D,-module
(A1) NCcoM

DD ETBE, M = M/N &/ D,-module T : M — M ITHE &
%%, J£ Dy-module & L CORM M/OM = M/OM 23D LOD T, Hib
DEEICET %,



(7) DREEH. EFE XD N34 D,(0,)-module m € N I L Tx,meN
ZREIXE 0D, T Fm=0DL ZF

Ot (z,m) = 2,0"'m + (k +1)0"m
=0

ANV RTASH
(4) DFEH. m e N 230"m =0 &7 T e 35 L,

k
1 . —i gk—i
a%h:ﬁM+§:aww—1yuw—z+nfﬁ o
=1

BIO
70" = (0x — 1)(0z — 2) - - - (O —7)
J:b\

k
1 ~ —i gk—i
akka:xk6k+zﬂ(k‘(k‘—1)---(k—z+1))2xk oFim

Jm + k! Zz‘ )= Zk'

L7 >T, m=0(...)m € OM
B#IC. Do/(I + 0,Dy) 137E Dy_ymodule & LCTHBARTH2Z 2 L%
’Y, REILD 5 OF IZETIHE B, Lo T,

mo
ImeVm > moz, = Z@ixfl, l; € D,
i=0

ZAREIX X,

COEE, BBOUE Lz, 2k, .y E B Vie={D, 5 <k Capr®0’}
EBL, T kashlwara—malgrange filtration & W i?f’LTWT M %3 holo-
nomic D & Z

db(s) € K[s]H € V1 s.t. b(Opxn)+L €T

DR D NLD T EDHN S T E 9 (5 HL 2 n[BR R 2 H V72 FEH I [6, Theo-
rem 5.1.2, 5.1.3])s 2D & 9 7% b(s) TREDHRND S D% b BIEE WS,

' (b(Opxy) + £) = b(Opxy, — m)x, + xp'l
=Op(... )z +b(—m)z + ap'l
L% BDT, b(—s) = 0 DERRKIFAEBMR me L DREVm ITHLTIZ
mod I + 9,D,, Ta™ 3 2, IZ2WTm XKD b DTHIT 5,

9



2 HGM, V7 hzfle LT

“HHEE, HEfET, —BHEFHNLLZFETT (R D I1EdH DD TT),
4 HiZ. holonomic gradient method % Y2 iz #l & L CEHL 72 v & B
E

FEEE B ((BcE)» N HGM & v ) X% FT) hypergeo-
metric module ZATEIAL 2B VDTTH?

C %7\ T7, holonomic gradient method.

2.1 AEL T EHEDHEFICH T 3EH

RAND 4 57l iEAsEe T BIBSHiatAIc i T 2823 L £ L & ),
FEEDBIR T, (x) %

27 'e”2 /Np(n) x>0
Tu@:{o ()x<0

TEHRELEFT, 2IT. Np(n) 3, LOBBZBILAESIT1ICR570

D IERLER T .
N — 3-1,-% _osp ("
r(n) /0 x2 e (2)

THAET, SABMISERL TP &, BT, (2) 13 TENX [T T, (2)de =
LR D SED DT, T, (v) IFHERBF RIS D £, BB T, (v) ZHEREHIE
B & 3 200401213, ARG TLT 2 i E R TV E T, @&
BB 2 R L 72 N2 & o T, 23U A v ~BIBUCBIfR T % 2 L DEIC D
ZRTT4,
FHELTAMED, bo EHATHEANZ S DX, FEREED

67@2_:21)2 /N, N =+V2no?
TERI NS m, T8 o? DIERIIAE N(m,0?) B3 D £F, IERIIA &

V) DIF, HERBRHC B VT, B A 20T I3, 2 A, IR
AGNZHE ) ML IR HERAE LD 2 FEMDME ) MR i & L TBnx §,
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MR 7. X1,..., X, & N(0,1) IfE ) M7 ERLHE T 5 &
X,
Y::ié%f::(Xh.“,Xg) '
i=1 Xn
FEHBEE R D 2 SAEIHED

AEFIC A BRI, WERZ22K (random variable) & X2 2DV TEIHT %
E. bRA L LAERTIE, MEREM (Q,F,P) 5 (R, B) ~DOH[HIEHD
CERMEREREERDTT, EEIWICIFELEZ LT EE v, filz
X, MEREEZ 1R > TET, SLBZERLTEARA N 7 L 2ii0wis,
BB D 7 7 7 L RIRFEICIZICZR % 09 DY THES | OERNZE®RT
T, bt LEERIZEEHOPTHRRE T,

Proof. GERHIE n ICBIT 2 Jihik <9 ([8] Ofid 7.5 (p.171) DiEH), £ 77
n=1DtEZ2EZFEL &), WFREBY = X?DEHMc <0 LD/IS K
5 R

P(Y <¢) = P(—Vec < X < /e)
EFTFETH, MEREEX HN(,1) I2hE) T EDERIT

b
1 1.2
Pla< X <b) = e 2dr (a<b
( = @<
7ZoleDT, BEEM iy =22 25 L
Ve 1, Ve 1,
P(Y <¢)= e 2 dr =2 e 2% dx
( ) /\/E\/27T o V2T

¢ 1 1 1 ¢
= | —y e 2¥dy= [ Ti(y)d
Kgﬁﬁye Y A 1(y)dy
o T, YOPHHE LD 2 OMHICE) 2 EDFAFE L,
RIS, n FTEHBIED o> T0EELEL X ), ROTEHZMHE T,

I 8. MERAK XY DML T, X LY OOMOEEREZnZ N f(x), 9(y)
THAONZET D, SOLE X+Y OHAOEEBISL frg(z) = [~ fla—
t)g(t)dt THEA6N 5,
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COEBIX, DADERICE S CGElE TR, S onEzd, 29
THEHBETEIREZ LR T, «Ty T I T, 252 ESZIXRWVIRT
T, ZOREIIEHRLR—FYBEKDOFEICRD £7, FHERIPoTAHAS L,

1 . [* n :
S — Y2 qt
oo

LD (T, & Ty DRI &), BBER = os 210 2 LATORSY I

n—1 1 n nflr n F l
T2 / (1— 3)5_13_%dt = QTT—(z?H_SQ)
0 (™)

L2 DTHADSE 7§ 5ERTY, u

INEZLEBDOIERTA TR S, ThbbilEREHOHEE R DG4
I, THERU K9 MR Z S % & PTEE matrix hypergeometric 1 F; &9,
zonal ZIHRDE / S 7LD 127 2R ABEEDHARICHTE £,

RIZ, BOLY)BRERTT, AL IARIFHEZH CRESHH S X
VBRELRRWTTD, FIZIX, TIREBEDMELE Ty &) RFICER
RN ERBEDEIEGL 2D EVWIHIFERBHZATTI, Z2H ) DI
R 2 BUE R DRE R AT,

Bz X, TaAf vz 3REETS 3REPHZ) LI RNEEZET,
COD L& SR (SRE L 72 Wikdil) “2oaf vy 3R PThs, Thbb,
KM L MEROEI MRS 37 2WET 2 LI MEZEZLE T, 2D
& & MEMNRRERE T, ZRIERBPTE2D LRI s Znll FE2L
WIZEDRIBZIEDMEREZRD X, THWHTEZLET, “TEEL
W ET EEWI)DOBBFEL 220D T, MEREBRICIGL T, WALA
P2 EFMIBEREL TLBDTTH, ZARATOOLATTDEGE AR,

FEHEEA ZH) TR, EIVI)BEZREEICRET 2003, RE
et E v, ZOEZ2OBIE 0 TREMICIRE > TWwE T,

DA, a4 VBB = EFHOTAL E (1 K, 0 DIH)
000

_ === O OO
_—_ 0 OO~~~k OO

1
0
1
0
1
0
1

—
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WY HYET, WEREHSIEL W ET S &

P({Fp 20, A1 }) = P({ 451 [, WA 202 }) =

Ir—‘ooloo

P({ #H 30, HH 02 ) = P({ £ 0, HAs3EH2 }) =

&.E‘Zb ij‘o \—O)i ril%i)‘:glEHjZ)J \-—&.& r%i)’S@Hﬁ'%J u—&%nb
(Bm%LwEthmfﬁ(ﬁmb%%#%ﬂﬂiﬁhﬁ%;méﬁt_
MERD Z L2t TP ETA TV EY, 2L, Zofid i+l =1 =25%
ERD £9, MEFTIHBHNIC Pﬁ#?%ifil%%?@&%;\%ﬂﬁ
HE2ETET, ZOGEEICIZPIEDL25% DT, EKHIZEETE LW
LD ET, BETELVLDLE VST, HETEARTIIRLT, o e
FEEPDEERD T, 2FD. ZALEREBHEEZLS Lo T, AL
SR ERERITHR R WTT X EW) T ETT, TNDHENTIRE D — TR H
7T,
Hxo E ANLINZREIEZ D £ 7,

ANTLTHBIE: V7 7 =7 AIFIERS A N(0,0.25) 12HE9) SLEZ EKT 5
B rk ) 2352 L EHIEL T2, i 7 2T, LoEEZBEY L,

i 72 kAU, Y0 rk(02/(0.25)2 IFHBEE n Oy SHICHE) DT
UTOFIETHET 3.

1. nAlrd) ZMOH L THHD 2 /ey 2 RKD %,
2. =g &EL,

025
3.y BENL BVBLWD? [OT,(2) Z7HE L CHNT, 5%5h K 7% 5
W A,

— A (¥ 0, 8% (0.25)%) 2 rd() £ T %, n=50 FTRECH
L PAEAS 5% BT 12 7 o CREBRBASTA X B B b d B, 7272 Lok
BDIRY & PAEDS 5% BUTIC 7% 6 e\ Wighy %)%Z)on%:%okj(%<&
(7z& 21 n=>500) MEFEICFEHINL I LLERD, TIIXHEBT2DIE
V7 EFL7 RICKEPHEHDERETSH S,

«QNA\O\fg
n—‘i‘—f\“}?”f\‘w

=

=

Y

Listing 1: p-value

> N<—50;

> a<—runif(N) —0.5;

> b<—sum(a"2)/(0.25)"2;
> p<—l-pchisq(b,df=N);
> p

13



[1] 0.2052216

#hedb ) —EETL T

[1] 0.01388657

#hz b ) —HEITLT

[1] 0.02053797
ARTEMER B LRI D 75 7 2 i < .

> curve (pchisq(x,df=50),from=0,t0=100);

B, COWEIZMET O L) BEHZ ED X ) ITRESZ I Ok
HOBHD 7= D DHIET, EEDEBDMETIZb > L A~— k2 A
WTWET, & A3 D.Knuth, ¥EEEE R, GLEZ S,

1.0

50)
0.8

pchisq(x, df =
04 06

0.2

0.0

Figure 4: x? 7741 O R H LB pehisq, [ T, (t)dt

2.2 HGMICLZPEDEE
ZLEORXRDEEICITZEEL £ 9, B

7(93):/ trlem 2t
0

ORI R EZ T, LD ATINABIEDOEETE 1 —(5)/1(+oo0) B5 P-
127 5 DT 2 DM M TR E T,
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X[ [0, 2] DR 2 ) DIX, [l EAH LD T, BB y(x) 2 Heaviside

B% 2 T N
/ H(z — ) H(t)t> e 2 dt

DIIcEXE T, 2 2T, Heaviside BAZt &9 DI,

1 t>0
H(t) = -
0 t<0

TEREINLEETT,

SR T, TORETRRZIGICL T, y(x) D7z TR
HAZRKDLZETT (Po LBRMEV)FEIPHTEELL), HEHP-
T2 > TEZ L LICLE T, BHICHOTTERXZRD 27217 Th
Co W X 27 THHZAATHHLEL £ 9. £9. BEBOEAR
MR ZEE 5 &

O H(t) = 0(t)
t5(t) = 0

EVWIHRADHD F L7, TITT, () 1F delta BIZTT, s DBIR
RZMBEDEDL L 1OH() = 0BRSNFT, fE2T, f(t,2) = H(z —
HH()tz ez LEL &, BMOMOARD S

Ouf(t,2) = H'(0)H(x — D)g(t) — HOH'(x — )g(t) + H(t)H(x — t)g'(1)

LT NE DT TY, delta BIBOHEISER UL, ZOMBAIC (v —t)t
2T 5 EAAOFEHEE TIHIZH A TL > T,

(z = 0)t0 f(t,x) = H(t)H (z — t)g'(t)

PEONET, ¢t) FitET 2 LAHAL o) OBTEIT 2 2 MDD 2D
T, U E2EMT 2 L WMOorEHE

0= (z — 1) (t(’)t - (g - 1) n %t)
ly = (x—1)0,

DB (L, 2) ZIEET D EWFATNTT, & MOTEAFERD = K(2,t,0,,0,)
DIEATTNI =Dl + Dl ZEZ5E, T E?%ﬁ“ﬁm?if%ﬁm
LET(DED (el kb lef=0L%3),
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STH, I+0D)NK(z,0,) 2040 L FET, T5&,

(=P +0,P(PLel,P,eD) (1)
EETHDT,
e./oo f(a:,t)dt:/oo Plf(a:,t)dtJr/oo Py f(z, t)dt
- = [1;20;]3000 =0 -

LhoT, Lery(z) =0 25k 2R (0.D.E. ) TH2 I Loy
DET, TZTHI<, ALEEERU 220 (), EHOREW L B3> TT
T, LT L) Likimz L7,

8 10. D/I \Ztnw /) 2y 7

Proof. 7V 7 —REDEZ M ET, o >t>0,>0, ThHsLIH%
graded lexicographic order THZX ET. D& & in({)) = 2zt&, in(bs) =
2, TY, TITE =inc(0y), & =inc(0,) EBZFE L. (01§, 28) D
Hilbert ZIHADXE L 3 TY GFHHEME), A€/ I 7V ) HVvD
T, Oply — (2t0)la — (t —n+2)ly ZEIHT 5 &, 200, +2t0, +t —n+2 E 5
D, (xt€y, 26, 1&,) D Hilbert ZIHADKEUE 2 TF GHEME), & I THL
SINHHEBABDHFETH2DTI =D L3 E¥A, L7235 T, Bernstein
DAEAXEY D/I X Fa/ 2y 7T, O

ST K(z,0,)/(I +9,D)N K{x,0,) \TEH 6 OWEIMBEDOI I MAE L 72
5DT, Ha /) 2y 7 TY (REL K IXEY 2 6.7HiH» 6 6.10ffi2SH), L7
D3> T (I4+9,D)NK(x,0,) (ZNZETA T T7INVENOET) X0 TEKS
NEATT7ATIEDLD EFVA, EoT (1) DEIHIICHEFL (DHEAETLI L
MEAET, 0T y(z) D7 TR /i TT,

FEX, DA Risa/Asir (27 L Risa/Asir & F, Z2SH) TEDA
TTPNVREIHET AL J= 220>+ (x —n+2)0,) L&D ET,

Listing 2: &7 A 7 7

import (”nk_restriction.rr”);
L=[(x—t)*(t*xdt—(n/2-1)+t/2),
(x—t)*dx];
G=nk_restriction.integration_ideal (L,[t,x],[dt,dx],[1,0]);

212 holonomic gradient method (HGM) IZ2WTEHHHL £ L X ), v(2)
PIERULER Np(n) = v(+o00) DEAEFHRIZATHTCH L 72 & 9 IIGH RE

16




- Risa/Asir &3 N

Risa/Asir ORI D—D IR CLE L 72t R ARBERE O HE Tt X
NTWEZEBIOCEEIIM - SERBEINTE D, AKEWH
WY 7 FRFEOMIRE Lz E ZICR3ST R —LTEEWC S
DAMNZH 722 £ 9 FTT, Risa/Asir ® C FHEDO 70773070
APIREEY 7 87 2 7 OBIFICO LT IEFADEESRD = [10] & £
UC:#%UyﬁéﬂTm%E?ﬁ\%%ﬁﬁ&?%%%tf(ﬁ?mi/

Y, I TS 2HBDMED S < 13,87 X —F N OER T DEiEET
BTH2500% <, ZOoMPTOBEAEZU TO L) BFIHTHTIZ L%
4 1E HGM EMEATWET,

H. G. M. .

Step 1. &% Diii 7z 3 holonomic & J il d 5%,

Step 2. J % Pfaffian

Step 3. KBUBH. B D% &2 WIHfE L LT Step 2 @ Pfaffian 2%
fEfAT L. JRWHEIFH ORI Z KD 5,

CD=D2DAT v 7% HGM O=BHE LML, Step 2 IZHTL %

Pfaffian (&

ngZ =PQ, i=1,...,n
EHT B HARTY (B 2] 6.2 fiZ), n =1 DIRIZHENI—FEDOF T
JERICIZN 2 ) £¥ A, Holonomic R 13449 Plaffian ICFHLZ 5 2 & 530
HECd, Pfaffian 1F grad(Q) = (PQ,..., Q) L bFHIT T, ZOFKRA%2H
WT Q ZEMET 2D THA X I D% holonomic gradient method & I
ATOET,

STHEATY 7% y(z) DBITHHL L £ 9, Step 1 1ZT TITEZEFA
TY, ZOHITIRHERNEL LRI X 25t R 2 HAAGDE E Lds
I K > THERINBEZE DA TE O ) | FIEEHEREIC X 25HEO A TEHY
72D LE9, Step 2 TlE, (2202 + (x —n+2)0,) y(x) =0 22 DT,

"\0(@)) 0 —(r—n+2)) \0y(2)
() = (0 s ) (a4i0)

17



Step 3. v(z) DHEMEIEFZ KD 2 & |

/ ti e adt =
0

1

T
N1l a1tk
- k(2)/2 i
k=0
- 7 9) oy
Zp\"2) oy
n n e
(2
gL 22+ 2

DEONET, EEowIHEICIE, TSk o it L T, 2 DEMRE
TRME L 72z v 3 2 a@&%i? LLBBe, nSREL o
T 3L, HMflcEmmEzEHT 270 ClE, BERSONRL >TEE
T, 2DXIBEEITIE, y(z) = e 2x2h(z) EEWT, h(z) 1ICT 2R
X600+ y—4w+)%ﬁ@mm¢5&8@1%ﬁM% mhEd, K&
785 A —% %Ki Plaffian OfFEDOWHLIER % £ OBl & ’RERINIC I X BEf#

MIEH I N2 DTIE R whr L B>TET, i
RDOPNZ (X)) /Np(N) Z HGM TiIE$ % Risa/Asir D71 77 5T,

Listing 3: p-value

import (”names.rr”)$
import (”taka_runge_kutta.rr”)$
Glib_math_coordinate=1$
extern Aig$
/x Df : HHE
N : approz degree
*/
def poch(A,N) {
R=1;
for (I=0; I<N; I+4++4) {
R = Rx(A+1);
}
return R;
}
def igs__(X,Df N) {
S = 1;
for (K=1; K<=N; K++) {
S += eval ((Xx1/2)"K)/poch(Df/2+1,K);
}
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return S/(Df/2);
}
def igs_(X,Df,N) { return eval(igs__(X,Df N)xexp(0)); }
def igs(X,Df,N) { return igs_(X,Df,N)xeval (X" (Df/2)xexp(—X/2));
/x diff(igs), HET gamma(X) ZETE. */
def igsl__(X,Df N) {

S = 0;

for (K=1; K<=N; K++) {

S 4= (1/2)xKxeval ((X%1/2)"(K—1))/poch(Df/2+1,K);

return S/(Df/2);
}
def igsl_(X,Df,N) { return eval(igsl__(X,Df,N)xexp(0)); }
def ig_(X,Df) { /+ h(X) D +/

Step=0.01;

X0=1; N=40; /x HECEBIDORE */

Iv=[igs_(X0,Df,N),igsl_(X0,Df,N)];

Bq=([0,1],[1/(25%),(~1/x)#(DE/241—x /2)]];

/* Runge—Kutta TR DOMRZIELGEHE «/

A=tk_rk.runge_kutta_4_linear (Eq,x,[] ,X0,Iv ,X, Step );

return A;

}
/x HHE Df T gamma(X) ZFMHE. x/
def ig(X,Df) {
extern Aig;
Aig=ig_(X,Df);
A=(];
for (I=0; I<length (Aig); I++) {
V=Aig[1]; X=V[0];
A = cons ([X,V[1]*xeval (exp(—X/2)«X"(Df/2))] ,A);
}

return reverse (A);

}

/x TEBULER N.T(Df) +/

def ne(Df) { return(pori (gunma, Df/2)xeval (2°(DF/2))); }
end

7(70) DAEE & T v(70)/Np(50) DFHEIET O X 912 h 9,

[1893] load("evalig3.rr");
[1980] A=ig(70,50)$

[1981] A[0];
[70,2.014480379269210636 E31]
[1982] A[0][1]/nc(50);
0.9676258902264072996
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AHIE 2 fizfle LTHGM OFEEHLE L, bBAA 7
ADLGE IR DOFIRI L Z2EHEDOTTIWIR) T WEE T, 72 & ZIXELEGT
HoOH 4 %ZBEE Numerical Recipes ZitA TR TTF IV, L LRSS,
HGM (T & D13 U & THIFERIREIN I BUEE R DA RE I 72 > 785 1340 D
LIRILH Y 9, ZRSDIEICOWLTIZ [11] 2 TE F X v, HGM DB
fBIEGR> © - H S EMEF R LG ~DIBH s WHBEZ RS> Z &I
X DS ETIHRWIED H % BRI 2B IRTEZ SRR 2 L v M2 L
BwEd,

3 HEEFERE

i 3.1. [10] F, = {(ml,mg) S N%|TTL1 + my < k)} é’.lﬁ( . p,q € Ng @H%,
Fi\ (p+N2) U (q+ N2) OBEHEORE k DSIER L L THEE (k HHark
W EE) 0 BHOWC AR BT ET 5 L7

8 3.2. [10] WA TEHFEER Q(z,0) LBV TRDEXZ R,
1. 2koF =00 —1)--- (0 —k+1), 2T H=ux0.
2. b(0)x® = 2*b(0 + k). TIT b)) ZEEK 0 = 20 D—EES KA.
3. OFak = akoF + 30 L(k(k — 1) (k — i+ 1))%ah 9

fid 3.3. [10] e " DT HERARD t ILOVTOMTA T 7V %GR
¥ XK.

9 3.4. [15] [ Tooo(t)dt DiEZEY 7 70 75 L FHTHREEE X

A 3.5. [20]
1. A5eaeh v < Bz GBI RMREL 1 Fi(a,c;2) THRE.

2. 2 OBBOBEERRK (a, c I2DWToili{kX) ZHOTATERT V<
BIB D BN 2 — oKD K.

fE 3.6. [45] (WHERYE) ZRICIERIIAGICRTT 5 2 S0AitHYS D b D 2 BT
% EATHNG B OB  Fy DMF 505, IRy Fy DE/ 7V % zonal
%I T % EMEREIDS, B3 EI % positive definite symmetric matrix
DHBLEHRICT D LRGN S, T DB TN 70 540
BEGR D4 O Fikz @M L CEMEFREICEHZH L wAKiE2ZEE 124,
5%

20



1. A.G.Constantine, Some Non-Central Distribution Problems in Mul-

tivariate Analysis, The Annals of Mathematical Statistics 34 (1963),
1270-1285.

2. H.Hashiguchi, Y.Numata, N.Takayama, A.Takemura, The holonomic

gradient method for the distribution function of the largest root of a
Wishart matrix, Journal of Multivariate Analysis, 117, (2013) 296-312.

References

1]

[10]
[11]

D.Cox, J.Little, D.O’Shea, Ideals, Varieties, and Algorithms, Springer.
HAERLH D Jv7F— SRR 1 51212 C DR | B2 FeA
THhoRDI V7=l 1 e, DBS—2DIk.

JST CREST HHF— 24, 7L 7 —is;, I
Bjork, Rings of Differential Operators. Z DARD—FHY Weyl fRE DI,
KBTA, D ANE & R, Wla=)E.

T Kimura, Hypergeometric Functions of Two Variables. &' A D5
MIBIE % & T S A B R MBIR D AFTE. *v F THREL TR I,

M.Saito, B.Sturmfels, N.Takayama, Grobner Deformations of Hyperge-
ometric Differential Equations, Springer.

It #iat, 56 2 B, 572 R & 27 & 2 Fl w2 fiét o APE.

B, R - BEEFATY, EEEEN. EROAICE TR GIEHERE A
EEVTHS.

http://www.math.kobe-u.ac.jp/HOME/taka/2013/hgs-2013
http://www.math.kobe-u.ac.jp/HOME/taka/2014/keisan-1/ref . html

http://www.math.kobe-u.ac. jp/OpenXM/Math/hgm/ref-hgm.html

21



22



% R HGE R AR D
Pfaffian AFEx\&E/ KOZ— 1
WA E£7 (ALBEXE)

Sep. 02,03, FRMARE 2013, )7 R

0 Introduction

Gauss DH R[4
Flabea) =3 DOm0 0 ) = Plat )/

X, c#0, -1, -2,... DEE{z € C||r| <1} LOIERBEEEZED 2. Z OIEHIBE%IE

i I ]
—C > b—c(y _ . N\=bry cfa_t

F(a)F(c—a)/1 e

(Re(c) > Re(a) > 0) ZFf2. bODORICHEH > T 2o ERIE, BOXMD[0,1] 1% -5
TV HDODBL 0D, ZIUCERER t — 1/t ZHid & ZORRBEONS. ZLTID
IERIBIEU, Ry I A

[ (1- x)(dd) +{c— (a+b+1)x}(%)—ab] f=0 (1)

AT, oMy A, Plaffian AR E XN S 1 BEEN O HRRAR df = of
LFHfETH S, 22T

_ [ Fla,bc;x) (Y !
f= ( L F(a,b,c;x) > , = < b e—(atbine | 9T

0

z=1
b

ARFBIEf % G = (é > W& D o =Gf ITEHT 2 & o DAT Pfaffian HFEAIE

dp = dG- f+G df—dG G o+ GG
B 0 b dz
- 0 c—a—b)r—1 ¥
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L%, iak, BETH G % dlogr = 2, dlog(z — 1) = & ORREATII D KA1 72 75
BRIC DWW T, HRMARE 2014 TS 2 PETH 5.

FHIR X = C—{0,1} DIEEDOR v O/NSEFE U, TiX, (1) O 1fliER] 7 ff 44
Sol(U,) 1& 2 RIGOMMZEf & 70 2. o ZBIXKME (0,1) 225 & DFEE. fid ZIEME
T2 X WO v 12> T, Sol(Uy) DIEEDIL f IZENTEHETE 2. By & v/ X
T homotopic TH UL, 2 ODHIRRICIN o7 f OENTEIE 3T 5. Ep 28 & ZIHA
&9 % loop DEE, p (T THRITEENRE L 72 M, (f) 13—MRITIZTLD f &L w3,
Sol(U;) DIGIT 7> T T

Mp(clfl + CQfQ) = ClMp(fl) + C2Mp(f2)

(f1, f2 € Sol(Uy), c1,c0 € C) ZAT=FT DT, M, 1Z Sol(U;) DFBEIZHATH 5. loop p D
HEIZ loop pf Z2WTTE S loop Zp-p &THLE

Myo(f) = My(M,(f))

ZHIzT. DFED m(X,2) D prs M, € GL(Sol(Uy)) 1%, L L TOMERBIGIRE 2 5.
Iz &M iR (1) o€/ Fe s —RE L) B X ORART & 2HFEL
TOZIEOMEIZIEEDS loop pg & 1 ZIEDMEIZ1[HEH 5 loop py THEMRI N
5. B My = M, & My =M, D Sol(U,;) FEDID HIZK o wFinz 52
2. Sol(Uy) DIEZIEEL T My & M, DZDIEKICBIT 2 £BUTH] M, & M, b5
2 5. REUTH My & My 20 TRES LS XCASNTwS. Lo L, BREDOHD 75
WKEOGRWER My & M 1220 TRHF HFEbNTwZRwn, 206 2k aisr itk
KOOI FRRITEIT % twisted homology group 122 W T DR RIEHZ F - THilk &
LTERT 5.

Hi: DFEFE T, twisted homology group & RZMIEXODWTHHLZ L, B DiEET
M TERDOE / Fu S —RAZIE L, 228080y TR F, €/ Fo
S—RBUCOWTHMBT 2 TFETH S, £/, HETIE, ZREDFE, €/ FuI—%
B, Z DD S LEEBRMBT TRARDE /) Fu I —REITOWTHERT 3.

1 + UN Stokes FIE

HMBIB F(a,b,c;0) ORI ERTHNS C, = C— {0,1,2} LOLAHIER 1 XIEH
u(t)p(t)

u(t) = 7t —2)(t = 1) = (t — 20)(t — 1) (t — 22)°2,

gp(t) _ dt { IOIO, r1 =7, IQIL T3 = 00,

)
t—1 ap=b—c, ap=-b, ap=c—a, az=a,

DY P D LR CIHD L. TITa; ¢ Z ZIKEL, x BEELEEIZ t 2 TH 5
E35%.

HE C, NOBUEE R k RF 24 v A LD kXM » & SAIBIEL u(t) & DR
DT [Lult)y 25 A2 5. ZTOMIT 2L u(t) & ETHEL v & A 2D LD
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Bou(t)| 4 ZHHAGOE T A £ D pairing (v, AY) EH%T. TDNL—IDb & T Stokes

pesi
[ dwtw) = [ e
D oD
DE) DD D. ik

d(u(t)y) = du(t) N +u(t)d = u(t)(w A + dip),

b—rc —b c—a 2 o;dt
w:dlog(u(t)):( —+— t—l) Zt_x

ERBDT, (Vop, DY) &85, 22TV, =d+wA 1F, C, ED 1AIER] 1-form w 12 X
D, UL SNZAIMETERZFE L T 5. —J7, FHAIFHTELD )L —)VITHE, (¢, (OD)Y) TH 5.
Z 2 Ch L HESRENE 0, % 0,(DY) = (OD)* £ LCED S, 2T TID LD u(t) DF%
X D ED u(t) DD 0D ~DHlllR u(t)|sp & L THET %. Stokes EELIZ, V,,, 9, &
WBEDTITDEIITRS.

Theorem 1 (12Ut Stokes EIE)
(Vut), D¥) = (¢, 0,(D")).

Vo =0 2H7F C, D C= ik XK ¢ 20U NPk XITERE VB, k
RF x4 v D; £Z2DEIHRES NI u(t) DA E DHOFRMN y =Y., Dt Zhli
kRF A vEvw Z0ns2F% CY(C,) TET. 0,(7)=0 EarT OOERCILK
A TN ENVT.

HAMBIMOME I RRICEND o = 2L 13, RUNPH L XBATEATHZ. HEo Ll
A dtNdt=07%DTC, LOIEAI] KBTI N & 75 5

BHXME (1,00) & u(t) DD (1,00)% 1F, TOFRETIFRLCNIXF = A v LD
. 1,00 B C, ICELTWAREVDT, (1, oo) B1IRF =4 vORBRME L TERTE

BROhETHD. e (01) IKRLT, (o0 :/ w(t)p B BEFRLAL KA 2

Vo BHERT 5. NS GIER c EREATERMREED, [yon % 1+e 20 R~E3
B, O3 1 20D EL 1+e ZIRRET 2R e DIEORE DM, O (X 0 ZHulrE
L RZIRMETIEE R DADHEDOMNTH 5.

| .
= T = T O b O A= eV
SAMBEAE u(t) DELE, FEDIHET Lt —1,t —x DA 0 THD LT 5.

Cauchy D5 \%@@ (p,7¢) 13 e, RORESITL S THEIZT—IE. Re(c) > Re(a) >0
DEMTT

I t)p = li t)p =0
i | ulle=lim | ultle

2DT (p,75) =/ u(t)p HILIL.
1
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Ou(vg) ZRHHET 2. ERED 0,(I1 . 5) = BT — (14 2) 0. O I3IR M &R
—HLTVLEM, I TD t—1 DA 2 WMATWBDT, 200 %H%EELTL L
D721 9,(CH) = Mp(1 4 )40+ — (1 4 2)u(4e) 21852 O I3IEM EFESIZ—L T3
M TD t—x, t—1 DIAIZ 21 o T EDT, ZDT%EHEEELTLLDEL
0,(CL) = \gRU ) — RUB) . 2375 TO B E DT TMA S L, 0,(h8) = 0. W ZIT A
BRLCNIRXIA I VTHS.

Problem 1 giz € (0,1) I L T, C, Z#HD L2l Try =0, 21 =2, 20 = 1, 13 = 00
ERGESE 4 (0<i<j<3) ORUNLRYA 7 VE 4L ZRERE &

2 RUNREOY-FEHERAFR

RENYA 7L A8 1ZIEE e, R 35725 TH | (po,1¢) PIEIRZELL otz 2D XD
ZEWIZFEIL D D L AR TRERIRZERE L <, #&nimn HHEA R EZE & R FE
W2 DERET 5.
RUNEIIY 1T gy = (2L & D" € C5(C,) IZ$ % 9,(D*) & D pairing (o, 0.,(D"))
'%, Theorem 1 X D
(0, 0, (D)) = (Vupo, D*) =0

%%, QLN 1IRYA 7zt D% % CYC,) D 0, DERTH-/7ZEME LT, wic
Wzl XREEQ Y —#E H (C,,0,) EDS:

Hy(Cy, 0,) = ker(9,, : C(Ca) — C(Ce))/0,(C5(Ca))-
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Theorem 2 (E%-58)
dil'n(c H1 (Cw, aw) = 2.

Hy(C,,0,) FHEIEI N 2 IZOWTHEI N b DEDT, TNTIE F 2B MR
KX (1) OREfEZER Sol(U,) ER—MTE W, u(t,z) 2

X={(t,z)eP'x X [t{t—xz)(t—1)#0} C P! x P

Jia)%fﬂﬂﬁgﬁk Az L, C, DI DZREENDHDIAIR 1, : C, — pri(z) ZHEL TEL,
ZZTpr: X(t,x)— 2 e X. WPTR

Hl(aw> = U Hl(cxaaw)
rzeX
WL TEE S
Hl(&uaUx) = U Hl(Cxaaw)

.Z‘EUI

23 Sol(U,) LRI 5. HIBREGROIFERIR %2 H(C,,d,) &F—8lL T Sol(U,)
D x TD germ Sol(z) & H7%T. BEARNZIIGE @y & D pairing T, z DAY DN
HErAOTHBEEEZS.

u(t) DO VI 1/u(t) 2EZT, Il XRQUNFERY —HLHATR

Hi(Cp,0-0), Ha(8) = | Hi(Cqy0-0)

zeX

PEEXND. 22T dlog(l/u(t)) = —w THD 2 EIHEET S, Hy(Cy,d.) & Hi(Cy,0)
WIERRIER I, DYEEI LS. 1-chains Ay & A_ DYHRMED AL p; T transversely 1258

boTWn3b ET 5, B
(A% A7) = (Ay - A u(p)u (py)

TEF2bDEMIIRL T, KW T, 2EDD. 22T (A, -A), & p iTBY
%oy &y ORI REL ERE D, TROIRALT 5.

u w1 u ut
Ih(’)/—afy-ﬁ- ) = _Ih(7+77— )V7
VIR T X =8 —DRF SRR, of = —a;, A = 1/\, v/ =u™h

Theorem 3 0<i<;j<3,0<p<q<3IIXLT,

11—\ . ..
(oo i 65 =9,
o if i=p, >y,
Ih(Vij7(’ypq) ): 1_1/\j . . ’ .
= if i<p, j=q,
1 if i<p<y<yq,
L 0 if i<p<qg<y, i<j<p<y.
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RHIZ 78 =85, 7 =1 & (00)Y = (185)Y, ()Y = (91y) Y 1ICBIY 2 5 mifT51liR

1—XoAs -1
— (1-A2)(1-A3) 1-Xp
H - — X2 1—X1 )2 .

T—\s =21 (1-A2)

Proof.

YoE ()Y DR R TS, py “@@ﬁ*ﬁﬂ’ﬂﬁi,ﬁ%mi 1, u 3MRADEZ Tulp)u " (p) =
Ay &Y, TITOHLZ O DRI 25 & A5 i TR 7
REHE —1,u & out &m&@@“m 372 ¢ u(pg) “py) =1 <, ZTOHGIF O Dff
b4 1:}\2 & (-1) LDW = £ 5. TNS DD (v, v )"C %@fﬁbi%
L5,

RIT Ay & (W)Y OREBZET 5. NG ZRIE ps DAT L THS. vl
%Fﬁﬁf%*ﬁ*ﬁ%ﬁtfb)%o)f p3 TlE u & u™t DEDT % ulps)ut(ps) = 1. Oy
DIREDIZE R - ROFEEHMEZ KHCRMET 5 2 L TEEIGEHS NS, O

Problem 2 EHIZH 2H D DR HE % TRTEIEA L.
Remark 1 X7 X =% —ICT 55 o, ¢Z (j=0,1,2,3) T

1 — AA2As

et = T = ) (1 =)

£0.
ZRIERIIIERIETH 5.
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3 ®/ROZ—xFKK

Hiiz ZBHXM (0,1) (¢ X = C—{0,1}) o #EUREEL, m(X,1) DmefRET
% loop p % & %. HHEMMOHEX (1) ORFRZER Sol(U,) #E£HEME T2
JFu =Bk p 0Bz M, &L, BIK (W) 1220 TD M, DEBTIIZ
M,, ie, (M,(v§), M,(v})) = (W, viOM,, 3 5. M,, M, IZHLT, "IA—-F—
a,b,c DFFREATSD%E M), MY £ L, BIK (vf,1), (0,1)" ICRT %2 mAT51
& H = (Tu(v, (0)),; €7 %.

Theorem 4 DL D3 D 37D,
(1) Zu(M,(72), MY( ) = Tu(y%, 4 ), "4 € Hy(Cy,0p).
(2) 'M, H MY = H.

(3) M, DG g 1%, ZOBEHERT PV 4% DL, (v, ()Y) #0 %61 -V =1 %
AT,

(4) M, DEGHE 1, By DEHANT b2 A 44 5 5.
BBy #1=T,(11, (v3)") = 0.

Proof. (1) & DXEEF Uy Tl&, QUNRYA 7L 4% 4" BARICERI VT, 20
RRBUIEL v, BEBIZRTER DT, 22 S THERL TH ZDMHIZZE
L %\,

(2) v 2 (v, y) D 1REE (g1 <§2> (90,91 € C) TERRT 5 &,

M) = (gt (). Tt 69 = (w4
LM (M0)) = (ane ) Dttty ()
(1) &b
(90791) tMpHM;/ (g(lé) = (go,gl)H (g(\)\j)

1
T, go, g1 FEELDT M, H M) = H.

(3) Mp(y") =By THH, (1) £

(", (")) = Ta(M,(v"), M (")) = Zu(By", 87 ("))
= (B-8Y)-Tn(v", (v*)").

DA Th(y", (")) #0= 5B = 1.
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(4) (1) £

(715 (13)Y) = Ta(Mp(), MJ((%)") = Tu(Bint, B5 (75)")
= (B1-55) - Tu(ri, (3)Y).

S P By # L= Th(0, (1)) = 0. O

Remark 2 Theorem 4 (4) IZEBWT, Ty(vy, (4)Y) # 0 2 61E B =1/3, TH Y, IRE
Br-By #11E B # By EFRETH 2.

Lemma 1 M, OEAfEIZ 1 & M\ = e 2™V, My OFENE 1 DBEERZ Fvid 4,
Mo DIEFIE Ay DI RZ PV g Aodi # 1 7613 Ty, (135)Y) = 0 T gy, 73
X 1R TH B

Proof.  TEZIXM (1,00) 2% py DEETEML BV LIEHGNLTH S, u(t) =
too(t — ) (t — 1) Ofid’ x = xez’”ﬁe 0 €0,1]) DELTE ) I 20 %2BHT 5. &
LT 2D (t—a) ZIITH 2. o FHEDNS WERLTE S, B XM ¢t € (1,00)
BT EZRUCHARTRELIEE LD Targ(t —x) 13 0 DKL ’EEJJ( 72T py DRI
THZ DI 0. WZIT My(1l) = 7.

RIZ 4l D opo W 7l Z BT 2. mMt=0 ¢ t=a=0>V"19 (0 c[0,1]) %
fiti SSIE o1 ZFAXE (0,1) 226 DFEHRE L TERRT B L

Yo 1t =ae*™ s se(0,1).

Yo V& po IR D TR T, yo1 WWIR-TKL 5. u(t) % 2 DEHRTHIX (0,1) 15 ERL
T, po IR L EHE TORDENE A 2.

You (u(?))
(i,GZW\/le )ao(x-,e%r\/jw _ j:e27r\/j19)a1 (.jl'62ﬂ\/j198 . 1)a2

Qﬂr9(30+a1) C¥0+a18a0 (S . 1)(11 (Zt627r\/?198 . 1)0{2'

po CEERT 2L 0030 225 1 IZEDLZDTult) DEUE M\ DTSN bDERD,

Mi(v61) = /\0/\1%1‘
Mo # 172513 Theorem 4 £ 0, T, (74, (7%5)Y) = 0. Theorem 3 £ 0, Ty, (v, (7)) -
In(v35: (125)") # 0 DT, T4 613 1 I 0

Lemma 2 M; OHAMEIZ 1 & M)y = 2V 1lea=b) - M, DEAE 1 DFEE~NZ F L
¢ "}/03, M1 @.ﬁfﬁ )\1)\2 O).ﬁ/\ﬁ ]\]I/Ci ’)/12. )\1)\2 % 1 726 i Ih(’}/OS, (’)/12) ) =0T
Y, iy 13 1 KAHAT.

Problem 3 Lemma 2 % Lemma 1 & [FEFRICEEHE K.
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Theorem 5 (BRAMDARADOE/ ROI—FKIK) MAMULH M, M, FLFERXZ
HAWT, UTFTDXHickRE 5

Mo(7") = " = (1 =X)L = M)Zu(v", (060) ) ven

= oA 7" = (1= A2)(1 = A)Zn(7", (733) " )55] »
Mi(y") = 7" = (1= M) (1= M) (1)) s

= A7 = (1= 20)(1 = A3)Zn(", (763) )05 -

Proof. XA # 1 ZfKE L T, LELDHE LR My OEEAE 1, o\ DEIERZ FLHs
Vo, Vo THDBZERIRT.

MO(V&) = Y1 — (1= Xo)(1— /\1)Ih(76*1a (731)v)731
_w =2 = A = AoN) u
- ,}/Ol (1 _ )\0)(1 IR )\1) ’701 - >\0>\17017

Mo(vzs) = Y33 — (1= Xo)(1 = A1) Zu(33, (961) )01 = V33

b bR Ao =1 DEABHARICERS N TV 5. O

Remark 3 M)\ #1 D& &,
Mo(7") =" = (1 = XoM)Zu(v", () ) Zu (Vs (060)Y) "0
EIERRR 7 BV g LG AN 2B T2 T, 1CBIT 2 S

Corollary 1 H,(C,,0,) DHEE (v, 1) = (v85,7%) TE D E My, My DERBTY
My, M, 1%

M() = IQ — (1 — )\0)(1 — /\1)7”01 t’l”(\)/l tH
= /\0)\1[[2 — (1 — )\2)(1 — /\3)60 t€0 tH] = (
M1 = IQ — (]. — )\1)(1 — /\2)61 t€1 tH

1 0
= Ml — (1= Xo)(1 — A3)ros tr(\)% tH] - (1 -\ )\1)\2) ’

1 XA —1
0 AoA1

2T I 1F 2 RHNATIIT, g = 1(1,0), e = (0, 1),
-1 1 — AoA1 s _ —o 1— XA
TOI_]_—AO ]_—AOAl ) T03_1_)\0 1—A1 .

Proof. (58) BIEIZ E B 9% =+ gt € H(Ca0L) E97 b (1)

g2

&
DIRIG L, 4p EHALRT P b e, DSWIRT 5 (i =0,1). 4y € Hi(Cy, 0y) 2 A8, D 1K
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A g0y + g1y TFANT 5. Theorem 3 £ D

0 = Ih(%th (7753)\/) = golh(7§‘3, (753)v) + glzh(%bza (7%3)\/)
= Hoo g0 + Hio 91,

- Zn(vo1: (112)Y) = 9oZn(v33: (112) ") + 1 Zn(7i% (7i2) ")
= Ho1 go + Hi1 g1

E*ﬁﬁﬁ(&)sz<?>%%mfw&Kﬂm?%ﬂ&7kw
1—A1 1

0 -1 1 — oM A
_ tp-1 _ -t 0A1A2
To1 <1—_>;\11> 1_)\0< 1 — Mo

%%%IM&mm5@A%W%Kﬂﬁ?%ﬂ&ﬁbwéﬂﬁ(?)T%ﬁ?%mﬁky&
2

Kﬂ?%Nﬁbwﬁ(?>:Q<?>&L%T*@krmf%%.
2 2

L") = (anoaa) H 7 = i 1 ()

£ 0, Mo(y*) ITRIRS 257 R oL

[Iy — (1= Xo)(1 = A\ )roy 'ry PH] (5; )

DR ROFARRICHE oS, 2L ef =¢; DTV IFEEL TV 3. O
My DEFECIEEH 23X, My OFFETIESE 1 X2 T % LfHRICERBUTIIN RN 5.
if:, )\0/\1 =1 '?‘) )\1)\2 =1 T%)ﬁ&j]
4 2ZHGERAIEL Appell’s F
Appell’s [y 1F {z = (21, 22) € C? | max(|xy], |22]) < 1} TIAFTE—RRMEXICR T 5 k2K

(a,n1 +n2>(b17n1)(b27n2> ni _.ns
Ly~ Ty
(c,n1 +n2)(1,n1)(1, ny)

Fl(a7 b17b27c; .I') = Z

neN2
TEHRIND, 2T Tc#0,-1,-2,---. ZTOWBIIIFETFR
F(C) > b1+by— b —b _ dt
_— trtheTe(t — Lt — 2(t— 1) ——
F(a)F(c—a)/1 e U
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(Re(c) > Re(a) > 0) 3d 5. yﬁxo =0,23=1,24 =00 ZEHAL, t=x; TD exponent
ELTRIRX—=F—q,; (i=0,.. )%:LMWDJ:“) NEC YN

To = 07 xy, T2, I3 = 1; €Ty = OQ;
a0:b1+b2—c, &1:—61, Oégz—bg, a3 =C—a, 04 =a.

Fi(a, by, by, c;2) 1&, LT OB Z 9 L 0 127% 5:

.rl(].—l‘l)af‘i‘l’Q(].—$1)6182+[C— (a+b1+1>$1]81 —blxgag—abl,
$2<1—$2)a§+$1<1—$2)8182+[C—(&—l-bg—i-l).’ljg]ag—bgl'lal —Clbg,
(ZL‘l —ZL'Q)alaQ — bgal +b182.

NS DB TFHFZETER I N TR Fi(a, by, by, o) 2R TR Ap-
pell’s [} £\ 9.

Fact 1 S = {z € C?| xlxg(a;l —D(xg —1)(z1 — ) =0} £F%. X =C*—- 5 DILE
Dz D X WO U, IS8 D Fi(a, by, by, c) O 1AIERI SR EA D 70 3R 220
Sol(U,) 1% 3 K3t

X o)%){—i T = (jfl,i’g) Cixg =0< 21 <29 <1=u3 ZHITET S, Pij (O <1<
7<3,(i,7) #(0,3)) 2 X ND & 2l & 2% loop T z; IFMEEL 2; 23 E2ERIFEH T
0 IEDE, ZORZIEDQAZICED, KB LI ERETHDETE. L, i=00DL
Edi,) OREHZZZ 5.

Fact 2 m(X,1) 13 p;; THEMINS.

5% f1<a,b1,b2,0> Clﬁﬁ_%nbhﬂ'\%ﬂ*y—ﬁ

C =C-— {O .131,!132,1} ()_tao(t—ﬂﬁ)al(t—xg)az(t—1)a3 é:‘y?ltf Lf,ﬁ%{ﬂ%;ﬁ@
EELEABRICLT, lidrERr Y —fELRPTR

Hy(Cy,0,), Mi1(dw) = | Hi(Cy, 0.)

zeX

DIVEFE I N, germ Sol(x) & Hi(C,,0,) DF—EIN%.

r; & x; % FAPRERTRHSIE 75 (0<i<j<4) 5 1 0fHOQCNYA 7L 4
MRTE 5.

u(t)" ISR LT,

Hl(cr7a—w)7 7-[1 a—w U Hl Cl’aa—w)

zeX

DEFRIN, H(C,,0,) & Hi(C,,0_,) WARIBX T, DEFEI NS,
LRBUCBIT 22 Theorem 3 28 0<i<j<4,0<p<q<4 ELTRLTS. Z
ITN=eVlu (0<i<4) £T 3.
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6 fl(a,bl,bg,c) DE/ I\\\DE_%IE

fEtTiEpeIC X 2 BEERIBIEMR 7 (X, 4) 3 p— M, € GL(Sol(1)) % Fi(a, by, by,c) DE/
Fers—FfHEw). M, =M; (0<i<j<3, (i,5) #(0,3) Z2IRET %. Theorem
41%, ZOEFHILT 5.

Lemma 3 M;; DIEGEIZ 1, \\; TH 5. [EEHE 1 DEAHEZEIZ 2 K0T, BEAME A\
DA R7 PV .

Proof. Lemma 1 T/ L7c &k 91, BIAAE NNy OEIE ST v . {i, 5,k 1,m} =
{0,...,4} %5 klmIiZWLTa, & oy Z MEVFHTHSELE 2 & 2, Z MEFHT
ERAELSRONIRBENT A 7 VA 1 OFGEMEES. O

Theorem 6 0<i<j <3, (i,7) # (0,3) ICRLT
M (7)) = 7" = (L= 2)(1 = AT (7", (75))-
Proof. M\)Aj #1 &9 %. Theorem 4 2>56 M;; O 1 DIEAGZEMH]IZ

{7" € Hi(Cy,8,) | Zn(v", (7)) = 0}.

YD Th(7, ()Y) = 0 2 AR, ERdfidiE y, TH Y, FHAME 1 DEAXZ PATH
5.y =7, D& ZE, Theorem 3 & D Lidfaldld

Yis = (1= X)) (1 = X)) (35) )
(1 =X)L = X)) (1= X))

— AU U= ()
72] (1 . Az)(l - >‘J) ’yzg ( J) ’71]

THY, vy 1F NN DEAXRZ FL. Lemma 3 X0, M,;; & —87 5. O

Problem 4 H,(C,,d,) DHEEEZED T, ZDHEICBT 255479 H = (T (v, (v)Y)i;
ZEMRR K. 7, ZORKRICEHT 2 M,; 0RBITIZ 52 K.

Problem 5 pyy € m (X, @) % z; 23 FEZEHNT Ry -1 (R >>0) KA\, Z20H L
)EJ»E\A'\EF'/D‘, E{éf% R @Fﬂ%ﬁ@ﬁ%ﬂ:lﬁl D P J:E'é%FEﬁWVC x’l C:E% &‘j—% M14 = ./\/l(p14)
DMGMHZRD K. £/, BAZERIZ 1 X00E 200272 D, 1 XouklAZERIZ )y TR
55 ERY,

Problem 6 z € C — {0} TE % %3 m Xt simplex
Ay ={t=(xs1,...,28,) €EC™ | s1,...,80, > 0,81+ -+ 8, <1}

LB

u(t,z) = (x —ty — -+ — b))t - tom
cixﬁowﬁb%mwﬁ%ulﬁﬁéke%ﬁﬁmw%WMMWWK&%:a%ﬁ&.
Problem 7 &R MBI ARG, €/ Fu I —KBL L K RIEADRR % fi#
B k.
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Borel #&H1VE %2 FV 72 8180 iR D
T ST AT

MAEE &, e, &1k
AN FD

2013.9.3-2013.9.4

0 Introduction

AREIE 2013 I RFBLAFTERHS T T b L 7o 2] AR T D /N LR BEES
DR/ — 2 PITHARDME - BIEZiTo72 b DTH 5. AW TIE Gevrey
W AT DERE, MO Fs i O A HEE R RIS BT 2 o e BB L
THHT 5.

RO TR 2 EZ 5:

zk“ding = A(z)o. (0.1)

ZIT, ke ZTA(z) € M(n; C{z}) I3NCRAEL C{z} Z2RBU S D n KIETT
oL 2. D70 A(0) DEIH TN O(N) = det(A — A(0)) =0 1FH
MELLZVETE. ZOLE(01)ZWALTEIELE2EZLS.

FT, k=084 2F0 2 = 0 CHEEREMALIPENIRENE D
DEHEEFZEZDL. TDEE, ON) = 0D, N\, 1T 2 =0 TORMER
B EMITN, (01) ORRAICE T 2ME2ZEAT 5 LCHELRKE 2 R
RIS, N =N ¢ Z (0 # j) DEE, (0.1) 1 ZDURIRERECT DAL 2 AT
1 P(z) € GL(n; C{z}) Z H W72 ¢ = P(2)y IZX DRD K ) Tk s

n5:
d A

37



oA diag( Ay, -+, ) B A ET B E(0.1) DHEARBERIT P(2)2" 12X
DEZons. 206, (0.1) DED 2 =018 5RETE/ Fa 3 -0k
EORHERR B N, -\ ZHOTRI NS 2 Lb 5.

RIZk>1DEEEZEZTCHAL. ZOEE, o= Py Ik (0.1)
ZRDE)ITNANTE I E2EZ5:

= Y. (0.3)

2L, N(2) (G=1,---,n) 13 A;(0) = \; 2l T LHAL TS, ZDLEE,
TERXIEAREL T D i %4741 P(2) € GL(n; C[[2]]) 12 & 228 X b 5tk
T ATREZZ DY, MEERH R DA L IZ R D, —MIC P(2) IZIURE T 7B
ERBHITEDHISNT S, Aj(2) IFFRFATOMEZGLAT 2 L TOEEZ
HHRTIEH 203, 2D &9 B iRAOEHA 25 HilE T ORGHE 72 1) T, BT
BIROEGEZ BT 22 I3 TEL VL. AT, 2hs O oEEEO
DI} % /57 L LT Borel #8f1iE % FV> 5. Borel #8817 & 133 Laplace
24 (Borel Z841) & Laplace 22z iAo 5 2 12k D, IB#E D) 5,
Z DB EWRER S N BB E R T 2 FIETH 523, 12301"61 TR 1%

oy A & DMTEDR <, FFIZ (0.1) DIEAME P(2) exp( / 2N (2)d)

(A(2) = diag(Ai(2), -+, An(2))) 225 (0.1) DIENTHI R REDOKEE 2 Ht A S
EToRMLERTERZL 2 5.

1 Gevrey #nIET

HIEiTlE (0.1) DAEER I B T 2 BB EGRE DT P(2) IZ X 204
Lz 2 708, —fRICZ, 2D P(2) AMEETR 25 TD Poincaré rank I U
7o, B BWERESM 27§ 2 LN T w5, 2D K9 LIRS 2
72T D 2 & % Gevrey thEL EWESDY, T D Gevrey tkBUCEE T 2 T
fERTHS Gevrey WREFEHT CTdH 5. AREICIEFIC [Bal], L [Ra2] IZfEV> Gevrey
WIE AT D SEREIC DV TR T 5.
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1.1 Gevrey #k#

EE 1.1 (Gevrey F80). THRFEEL (= Z faz" € C[z] 3 Gevrey order
k(>0) TH2 L HEEKC > 07b>?'5?7£b, ﬁ%%ﬁ@ n>01Zxf L

|fol < C™HT (14 n/k) (1.1)
L7% 2 %\ . Gevrey order k ORI 5T HE% Cll2]) LS.

EEDS k< b 25 Cllye C Cllllue B, b — o0 & LT,
5. £k,

m = 2 C[[z]],, = {f(Z) € Clle]]iw | fo =0}
ETBERDEONS:

i 1.2, (C[[z]]14, m) IZIERIEFBRCPID L 72 %.
FEE, fo A0 BIE

[e.9]

Z J+1' fo)

7=0

B f(z) DWIE f1(z) LD, UFORE 1.3 205 1/f(2) € Cllzllup L% 5

f
i, Clle]ly, BIRFTBE 5% 2 Ehsbp s, £, PID L7455 2 L I3 S 2
T, Cl[2]]1 @ mESERALIE C[[]] & D AL SIS 2.

i 1.3. f(2) € C{z}, g(z) € m & 513 f(4(2)) € C[[2]]1n-
£72, f(2) € Cllellu KX L, Z 0%

d r [e%]
df 2) = farr(n+1)2"
n=0
Lk D EERTE. ZDLE df/dz € Clz]]in £ D C[2]]iyk 13 C LD
RE LB, £, Cfz} = Cll2]lip FZRFTEBROH & 7 253, KAWL 5
W 1.4. C[[2]]1s 13 C{z} BHSDPHL
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1.2 EhEER
B C DEITES S THEEI, o, p (a,p > 0) ITHL
S=2S8(d,a,p)={z=re? |0<r <p,|0—d <o}

RSN B AEE E WS £,
S(d,a) = S(d,o,00) = {z =re” | |0 —d| < a/2}
E9%. 72,8 = S(d, a, p) DEFF AR S, 13Ty, o, p1 (a1,p1 > 0)

lxf L
S1=51(dy, a1, 1) = {Z =7 |0 <7 < pp, |0 —dy| < al/Q}

LRIN G C S ERBHHETS.
SEHHMMRE L, f(2) % S LOEMBISL, f(2) = foe" e C[[]] &
n=0

T2, ZOEE, f(2), f(2) IEX L NROBEIRE v (2, N) %

iz N) = =7 ((2) NZ ")

£9 5.

& 1.5 (o). BIE f(2) 13 A SJ:f_(z) IZ Gevrey order k "CHII
JEFHPRETH 2 & 1&, S DILEOPHER D fsHIE S, IS L, &2 C > 0%
FEL, fEZON >0l S, |

lve(z, N)| < CNHIT (1 4+ N/k) (1.2)

DWIRZT B ETHE. TDEE, f(2) 2% f(2) EET.
Au(S) %, B3 f(2) € C[[2]] I S |k Gevrey order k Tl B Al HE 2 B

BOLTRELET S, ZOLE, MNTEMOERDS f(2) € Ax(S) ICHL
F(2) € Cll2]| B—BEICEE 2. X oT, ARBE T - A(S) — C[[2] 27

T2 ZOLEETIIRD L) oz b o:

Ax(S) Cllz]lan

Cllz]]
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ZDH A(S) = Cllellyk bR T, THT. £, AY(S) = Ker T), £ F
5. ZDLEERMMESND:

RFE 1.6 Ay(S) X% 7 L, T) IXERER.

Rl , A9 )ciAk(S)OM’:r‘?ﬂzktf%. I, EEDO k> k >07%
\E_‘tll k2>k1>0&j‘% p@&% S@ﬂy’lj('?‘)kl,k@ J:E)iﬁ, #EQCC
Al(c?)(s):Ak () BIRFLL 5. k2T, f(2) € A (S), (= z) € Cllz]lyw, T
f(Z) gkl f( )T%) f( )EAkQ( ) IEER 5 720,

A0(9) DiEHED S f(2) € AV (9) 1, swﬁaﬁwﬁw \ﬁapﬁﬂz S, lcxiL
bHHEEC > Obiﬁcﬁ:uf,-ao) N >0 IZHL

[f(2)] < OV T (1+ N/k)

WS BRT 5. ZOFMEA S, f(z) € AYV(S) XKD X D HATHT
515 2 EHbhD

@8 1.7. f(z) € AV(S) &% 3D DBBENEMIE, S DEEDHTY
IR S IS L, HBEBC, h > 0DFHIEL

f(2)] < e
25, LRIT B

1.3 Borel &
AL f(2) € C[[2]] \ht L, R Borel 284 B, (f)(¢) %

ZF 1+n/k;

n—=

Tk D ED D, KT f(2) € Cl2]lum 2 51EBu(f)(C) e C{C} ¥ . F1z,
f(z) %2 S(d,a,p) (@ >7/k) TIEHITHERET 2. 2D LEZE, f(2) DdTTIAIN
D Borel Z#1 B, (f)(¢) %

Bra(f)(¢) = %/f(Z)e(C/z)kzkd(zk) (1.3)
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WEDEERT S, 2L, By [0,1] — S(d,a,p) lZp € (0,p), B €
(m/k,a) IZHRL

3tpexp (i(d + 3/2)) (0<t<1/3)
y(t) = q pexp (i(d+3(1—-20)3/2))  (1/3<t<2/3)  (14)
3(1—t)pexp (i(d—f/2))  (2/3<t<1)
WWEDEETS. ZDEZE, Bra(f)(C) 13 S(d,« — m/k) TIEH]T exponential
size k, D D ATED S(d, o — 7 /k) DEHEBZ FTEIK S, (d, 3, 00) &, & % EHL
C,h > 0 DFEFEL )
Br.a(f)(C)] < CeMe

VN YA I
1.3 s>0ICRL

By.a(2°)(C) = ﬁ

L. XoT, BRI Borel £ B, 13 Borel 24 B, % XD X 5 oI
Cllz]] ICHERL b D TH 5

(1.5)

BulPIO) - fj fuBae").
CDEERDIRLT 5:
FE 1.8, k> k>0, f(2) € Ay, (S(docvp)) (a>n/k) T f = f LT3,
ky' =kt — k7t
L5 2E, Bealf)(C) € A (S(d,a — 7/k)) T
Bra(£)(C) =k, Bu(£)(0)

LhD. Fh k=k DEE Ba(f)(C) € C{CY E5D Bia(f)(©) = Bu()(C).
Proof. 9(C) = Bua(f)(Q) £¥ 5. oL &

vy(¢, N) = C*N<g(6) - gk(NZ_lf”Zn))
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ET5LE (1525
V(¢ N) = TV Bra(z"vp (2, N))(Q).
ZITC, vp(z, N) & (1.2) 72T DT, By g DEETERSR (1.3) 925 1, (¢, N) I
B9 2 ROFHMIHNF 51 % S(d, o — 7/k) DALIEDPHER /7 fateid 51 kb %
EBC > 00FEL, EEDO N > 01T L
|vg(¢, N)| < CVFID(L+ N/ki) /T (1 + N/k).

55T, Bua(£)(Q) =i, Bu(£) Q). £, k= ky D & &3 Bi(f)(¢) DA D
5TERVBVESNS. O

Bia(f)(€) = Bura(f®)(¢*)

CkhHASND. FF, f(2) € Cl KA L fO(s) = f(o'¥) e M4 &
L, (1.5) 12k D B % CVH] B IICIRET 2 &

gk(f)(C) = B\l(f(k))(fk)-
1.4 Laplace Zi&
b5 a,p>01ZHL g(¢) € A, (S(d, o, p)) EL, g(C) =g, 9(¢) EF . IS

g(O) 1% S(d, o) I figtirzfe S 41 exponential size k £ T5. 2D EZ g(()Dd
Jia~D Laplace 28 Ly, 4(g)(2) %

id

Lya(g)(z) = / g(Q)e~ ¢/ 27k (1.6)
0
ICKDERT 2. £72,9(0) = ZgnC” DA Laplace 244 £,()(z) %
n=0
= > gl (1+n/k)z"
n=0
E9 5.
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15 s> 01lCxfL
La(C)(z) =T (1+s/k)2* (1.7)

L7542, o, BRI Laplace 2 £, 1% Laplace 2 £, # XD X 5 12TEk
I C[C ICHRIR L 72 b D TH %

Ek(@) (2) = Z 9nLra(C").

CDEZIRBENLT B
EIE 1.9.
byt =kt kTt

ETBEEEDe > 01K L 6(e) > 0 DBFEL Lra(g)(2) € Ap(S(d, a0 +
w/k—e,0(¢))) T

L1a(9)(2) =1, L1(9)(2).

Proof. S(d,c, p) £g(¢) =k, 9(Q) £ D TINSIBERD e > 01T L H B%E
O >0DFEL Si(d,a—e/2,p—¢) k

[vy(¢, N)| < CYHIT (L + N/ky)

Es. £z, 9(C) € Cl[Cli/k T, 9(C) & S(d, o) T exponential size k D7z
DS (d,a—e/2,00)N{|¢| > p—c} EHBERC h>0DFHEL

U5(¢. N)| < CNFID(L + Nk )etlél”

Eb. ZDEE HHEBS > 0L (2,¢) € S(d,a + 7/k —€,6) %
Si(d,a—e/2,00) ITRL —(¢/2)F < —2h|[¢|F £7%. 22T, f(2) = Lya(9)(2)
E9% LMY (1.6)1XS(d,a+m/k—e,0) FINK LIEHIBI$ 2 ED 5. Lo T,

vy N) = =V (f() - Ek(]vigncn))
E52E(17) 55

vi(z, N) = 27N L (Vg (¢ N))(2).

£ 503, v, (¢, N) DitHilinr 6 vy (z, N) B 2 ROFHHiAR S5 S(d, a+
n/k—¢e,0) E®HDERC, >0 FHEL, fEED N > 01xf L

(2, N)| < CNFIT(1 + N/k)D(1 4 N/k).
k2T, Lial9)(2) 24, Li(9)(2). O
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Lia(9)(2) = Liralg™)(")

ILEbEZeNS. £, §(¢) € C[CN] lexL gM(¢) = g(¢M*) e C[[¢VH) &
L, (1L7) 12k b £y % CcV¥)] il Rmic sk 4 3 &

Li(9)(2) = L1(g™)(z").
Borel 2841 & Laplace 284812 B L TR DOBIRA DAL T 5
EE 1.10. f(2) X S(d,a,p) (a > w/k) TIEHITHERD L &
Ly o Bra(f)(z) = f(2).
Proof. T53/N&7% 6 > 01ZR L 2 = §e2™d DIEfET

Lya0 Bralf 27m/ /f Ck - )z_kékd(i_k)dck

id

" 2mi 0

B m/fi#d@ )

v
f f()F !
T omi —Zk
ZT,6>0%2 /NS B2k 2 2By I EFNTWB E L
TJ:MB & o T, Cauchy DEZT AR 6 FIRBMG S5 NS, O

FERIC L TRBES N5

EE 1.11. g(¢) \F S(d,a) (o > 0) TIEHI, ¢ = 0 THIT exponential size k

DEZE
Bi.q 0 Ek,d(Q)(C) = g(¢)-

1.5 Borel #1784
¥ 9, XD Borel-Ritt MO EMZFEHT %
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EE 1.12. de R, a € (0,7/k), p>0&EF 2. ZOEE, ERD f(2) €
Cll2lliw ISRU f(2) =% f(2) £ 5 f(2) € A(S(d, o, p)) DEEIET 5.

Proof. g(¢) & Ds={C€C ||¢| <4} (§>0) TIEHIETZ. ZDEZ g(C)
SN L) 4(9)(2) %

5eid
£2 ,(9)(2) = / 9(Q)e I g
0

Lk DEET S, 22T, f(2) € Clleliy iR § 2+ S CHIU
Bu(f)(C) & Ds TIEMETE S, Sf,(f)(2) == L] ,0Bi(f)(2) £ L, S (f)(z) €
Ap(S(d,a,p) TSL(f)(z) = f(z) £ 2B 2 E2RT. £, Bu(f)(¢) 13 Ds
EIEHIE D, H2EHC > 0DFEL TIEED N >0, ( € Ds IZTRFL

BUA©O - X LB < (18)

&b, £, (1.5), (L.7), KU (1.8) X W XRDOFHlBRE 6N 5. H 5EK
01>O75>ﬁf1/z€5( ,a,p) WZRFL

N (/) ok gk
| fu (2" Skd )| = ’/5@ +n/k 27 "d¢
< O™ 1+n//<f)|Z| | exp[—(6e™/2)M]],

N-1 coetd

£L(BUHIO - X £BL0)] < | e o g

0
<OV (1 + N/K)|2|Y.
PLEDS S(d,a,p) S (f)(2) = f(2) L% 2 2 LD 5. O

E 11255 o € (0,7/k) KR L Ty, - Au(S(d, o, p)) — Cl[2]]1s 345
LB 0bhrn, L LAans, il 21 expl—(e4/2)k € AP(S(d, a, p))
LD T ZHE L3RSk, —, a > 1/k DB T ZRH L3RS
2\ KD Watson DHIEDR T X I ICHS E 42 5.

R 1.13. p> 0, a > 7 /kITHRL AI(CO)(S(d,a,p)) =0.
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Proof. f(z) € AV(S(d, o, p)) ET2E f(2) 2 05D, EBE1.82°5 Bra(f)(C)
= Br(0)(¢) =0. £>T, EH 1.10 5

f(2) = Lya0Byal(f)(2) = L,a(0)(z) = 0.

YL ED S RDBSNS:
T 1.14. f(2) € C[2]li ISR L, KIZ .
(i) &2 f(2) € A(S(d, o, p)) (p>0, a>7/k) BSEIEL f(2) = f(2).
(i) 2 e > 0DEL B(f)(C) 13 S(d, e) I FHTHEES: X 4 exponential size
k.
ZDEE, f(2)ICRL f(2) E—BIEED f(2) = Lrgo Bu(f)(2) THZ
5N%.

E& 1.15 (Borel SRITTREN:). f(2) € C[[2]]iyn PVEH 1.14 O FIME 50
RWite T L E f(2) 13 d A k-Borel #aMITHE, & %213 k-summable &
W d NS k-summable 2D 2 THEEE Clehg EET. ZOLE

A~ ~

f(z) € C{z}ra XL, ZD Borel 1 S,4(f)(2) %

Skalf)(2) = Lra o Bu(f)(2)

£9%. 7, R mod 2r THIRMD 71 % FR\>T k-summable ik D 7%
TEAZ C{z}y ERT. 7, f(2) € C[[z]lix 2% k-summable TZ\JjlH %
f(z) DRI &\, Z2DHEA% Sing(f) (CR mod 27) E£T.

ng:=C{z}ranNm=2C{z}rq
n:=C{z}pynm=2C{z}
ETBLERBEFONS:
&8 1.16. (C{z}ra,14), (C{z},n) ZIERIRFTBRCPID & 72 3.
Bl 1.17. DT d, k> 012x L C{z} € C{z}ra-
Bl 1.18. fEED k> 01X L C{z} C C{z}.
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Bl 1.19. fi(z) = > T +n/k)z" £F5EBu(fi)(Q)=(1-¢) " ko,
n=0

fiul2) 12 d ¢ 277 @%@T“ k-summable T Sing(fy) = {0 mod 27} %% . L
LRSS, k£ LITHL fi(z) &€ C{zh.

C{Z}k,d> C{Z}k Ciu—F@'I‘ig%ﬁfC 3‘:
ﬁ/%g 1.20. C{Z}k’d, C{Z}k ¢ (C{Z} J:Ei%ilzjﬂ

BE12l.a<bildg€(ab)k>0tT% ZDEE, fz)e (]| Clzha
de(a,b)\{do}

T, b5 k> 0125t L Br(f)(C) & S(do,e) (¢ > 0) T exponential size k &3

2 (2) € Cledan

fir 1.21 13X D Phragmén-Lindelof DEELH 5 5E 9

T 1.22. ¢(¢) 1& S = S(d,n/k) EIEHIT exponential size k (k € (0,k)) &
5. BT g(Q) 23S DEIFR S it TERD E X g(¢) 13 S LERELS.

Proof. d=0 D&% 7. £7

sup [g(¢)| < M

oS
LEBE FEDe >0 e (B E)ICHNL IS Ele=g(C)| < M £ 3.
o T, RARMHEDFEHH S S |k

19(¢)] < Ml
DD, e>0IFMERE DT, S EglQ)| <M &k, O
i 1.23. {LED k> 01cxf L

C{z} = [ C{z}ra-
deR
Proof. (1C{zhia C C{z} ZmREE L. f(2) € [|Clehpa ETBE
deR deR
Bi.(f)(¢) 1& C EIEHIT exponential size k &% %. k2T, $5EHp > 0
WIEL Spa(f)(2) 1E{z € C |0 < |2| < p} E—flIEHITHRE 23,
k0T, 2= 0 BIRETHARIS L 4D Sealf)(2) 1Zz=0TIEHIE D
Ska(f)(z) =k f(2) € C{z}. O
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R 1.24. k; > ky > 01X L
C{z} = C{z}r, N C{z}k, = C[[2]]1/k, N C{z}1,-

Proof. C{z} C C{z}y, N C{z}s, C Clzllijn, N C{z}r, &% 2D, f(z) €
Cllz]lipy NC{z}p, €T 5 L Bi(f)(¢) 13 C IEHIT exponential size ks (k3 =
ky' — kY L% koT Al 1.21, @l 1.23 2 5 EEME SRS O
1.6 SRIENEL

Cllellye 1< IZARRREREDE 2 5N/ ds, REiTlE B, EWVET 5 k9%
C{¢} D2 EZ L. £7, ABEZRTERT 2:

& 1.25 (). b,k >0ET2. 2DEEZE, £(0),9(C) € A, (S(d, a, p))
(a,p > 0) 12X L F(C) & g(¢) DEIEEE f 5, g(C) %

Fouo©) =[5 [ =00 ]

WX DERT S

W17 g & k- EDBIRIIRTEZ SN S: f(),9(¢) € A, (S(d, o, p))
IZREL fB(C) = F(CTF), gW(Q) = g(¢VF) £F 5L

Fg(Q) = fP 5 g®(C).
CDEERDBENLT 5

W 1.26. f(().9(¢) € An(S(d,a.p)) (ap > 0) EL F(Q) = f(Q),
9(¢) =n 9(¢) 95 CDEE, Q) = frg(Q) €T % EN(C) € Ap, (S(d, v, p))

t=¢k

fin = Fu*wﬁ{f¥32$+jﬂﬁhj% (n>0)

gt = [ [ - iyea
0

t=Ck
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d

T 4+m/E)T(1+n/k)
T+ (m+n)/k)

E% 503, v (¢, N)@*F{ﬁﬁ%%)l_‘lﬁ Lo, fivdE 1.26 235E9 .
C{CHIT - - I X DG Z E O 7B % Convy, £ T 5 &, find 1.26 225
E%c:aﬁﬁi‘%%néz

88 1.27. By : C[[2]]1x — Convy, IBIAMZ 5.2 %

t=¢k

Cm-i—n

W18 B, Dl L, Itk h 5252,

£7, Exp s CC{C} 2, &% e > 0DFEL S(d,e) T exponential size k
DEEIBD T2/ - #, - ICK D EMEZEO R E T 5 L, B 1.14 05
RDME -
ﬁ;%g 1.28. gk . C{Z}k‘,d — Eka,d Liﬁ%lﬁlﬂ%%‘i%

R, BATICBI L TR DY s > 01T/ L

Bu(447)(0) = p s = KBl

X0, f(2) € Clla]lu 1R LRDIRILT %

B+ (1)) = k*Bu(/)(C). (1.9
BRI, il 1.28 Z W TR ZRT:
R 1.29. f(z) € C{z}, §(z) € ng 5 51E, £(§(2)) € Cl{z}ra.
Proof. g5(¢) == Br(9)(¢) &L, gr(¢) & S(d,e) (¢ > 0) TIEHIT, S(d,c) D
PR A S, B C h > 0 SFEAEL
l95(C)] < ClgleM”

DALY % & § 5. Cauchy DFEliA2» 6, ChZ KRECHDET I EITLD,
ng/dC b SY1 i
d’ﬁ(

gl
dc O’ s Ce
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LTES. 22T, n> 0L Bu(g™) () = gi2(¢) T2,

CIcl™ e
g5 Q)] < Tt /k)e (1.10)
DT D, FE n=ngDEERITEETEHE gg(0)=0&D,
o 51 5001 = | [ 2= 8010 — D gy 0
k t=Ck
g Croji|ro/k e
S R T U A
_/0 M 21t = 1) e

(1/k,1+no/k)

Bl

< CmOJrl ‘C|no+1eh\§|k B

C«n0+1|c|n0+1
T T(1+ (no +1)/k)

X 5T, (1.10) 25 Bi(f(9))(¢) 1& Sy EIFHIT exponential order k & 7% Z
Lhbh 5. O

1.7 Weierstrass BYZ| D EFHE

KT Cll2]]1/k, C{z}ra, C{z}x D Hensel EICBH L Tigiwd 5. £7,
f(Gw), g(Cw) € C{C,w} ISR L, Z DB f + g(C,w) EXTEKT 5:

fxg(w) = dt/f %, w)g (0%, w)di]

72, Expry % f(Cw) e C{C,w} T, H5e>0IcxfL
SY=S8(d,e) x {w e C | |w| <&}

(1.11)

t=Ck

IR T iieie &, Sv blife T
F(¢w)] < Cetl
LR BB BT E S 2. Expy, (CBIL THAMORREZE 2 2. Dk
R 13 C{¢, w}, Bx Expy, £$5%. 2T, RO * f((,w) € R T f(0,0) # 0

LH56DETHE, ROBROMILOATRAEL —-HT 5. DL Z, il
D Weierstrass E:@iu DREEMEFERRICL T (WJK_ ' [GR] 2 £|), X035 5

n5:
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EE 1.30. g(¢,w) € RIZ
2 g(0,00=0 (0<j<n-—1), (1.12)

" (0,0) # 0 (1.13)

Zii7cd T 5. COLE ARD f((w) € RICHLRZMm7-T q(¢,w), r(¢,w)
ERVP—EBWNIZHET S :
f=aqxg+r,

ar(¢,w) =0.

g(¢,w) € RIF(1.12), (1.13) ZHi7zd & ZF w B L order n TH % & \»
W, BEIZ w 2B LT monic 72 n KEHA L %2 5 & Z g(¢, w) I3 Weierstrass %
HATHL L), §25L EH 1301 5RXBE6N5:

EE 1.31. g(C,w) € RIZwiCBLorder n £ 9%, ZDEE, XfnD
Weierstrass ZHR W (¢, w), XKW q(¢,w) € R® T, X&iil T b D —EH
ICHAET B

g=q*xW.

£ T, monic AN f(z,w) € (Cllz]liy)w] KNLT, f(0,w) =
gw)h(w) (g, h € Clw] FHITHK) £ & E EH 1315 g(z,w), h(z,w) €
(CL) 6] 1. 0) = o ) a0, 0) = ). 0.0) = i) &
B55DDBFET S 3005, Clz}ra, C{z}i &CE’SL’C%H% i D3
BN 57280, RBfF o1 5:

EIE 1.32. C[[2]]1/k, C{z}ra, C{z}y |3 Hensel BRE 72 5.

H 1.9, XD —M&iT, ZEED Gevrey D 72 TEICH L TH | #1107 Weier-
strass BOHE D BUEMDR D LD Z LB NTW A, FEL S Id [Z] 22,
7 1.10. [Ro] Tl& C[[z]] ® Hensel ¥4 & \» 9 #lrid» 5 C[[2 ]] D 5EfHME % VT
RSB T 2 EE O REM R S LT 5

vy

1.8 Cauchy-Heine Z1

ATl I Cauchy-Heine Tﬁ%& ZDIGHIZOWTIRR 3 | i‘@‘ Cauchy-Heine
Lz R CEERT 5:
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V

EZE 1.33 (Cauchy-Heine ZH1). (z) € A(O( S(d,a, p)) (a,p ), a €
(

S(d,a,p) £T 5. ZDEEZE, Y(z) D Cauchy-Heine 224 CH, (v) (2
_ 1 [ Yw)
CH.(v)(2) = 27rz'/0 w — zdw
ICEDELT 5.

CH, () (2) 3R %72

fEE 1.34. (z2) € A,§0><S(d,a,p)) (a,p>0),a€S(da,p) kL, d=d+m,
d=a+2r p=la £T5. ZDLE, CH,(¢)(2) € Ax(S(d, &, p)) T

0
%

~—

CH,()(2) 2 CH,(v)(2),

CH,( Z/—”l

EC:, z € S(d,a,ﬁ) \-_)'dL
CH,(¥)(2) — CHa(¥) (2€”™) = 1)(2).

Proof. £, CH,(¢)(2) @ S(d, & p)"C@IEEU@ ¥, BITE% [0, 0] 2 '5%:
ﬁi’lﬂfﬁ?b)% 2 DIEGTEG fﬂﬂﬁ?b)i 212 S(d, o p) V\]’Cgﬂﬁ/ﬁ‘%l ZkD
fFon a0y, CH(v)(2) € Ak(S(fid,ﬁ)) L% ki, ¢ e AD(S (da&,p))

&
1 n —n—1 2Nw
= Z z'w +
w—z w—z
2> 6 FIRHEDFHATI 23S & 1, %75 N5, wEOFEIRIZ Cauchy DT LA 5
€ . O
RICIERE 2 EHRT 5

E 1.35 (IEHEEE). S'=R/2rZOWHE L (1 < j <m) PIEHEETH
A B

At <ﬂj < 042 (1 S]Sm)
Zli7ed a8 e R (1<j<m)DMFEL, I; = (o, 5;) mod 2 EFI N5
ETHL. L, j>mITNL o =aj_,+21 LT 5.
7, D ={2€C |0<|z|<r} (r>0)DHHES; (1<j<m)dIER
BETH B X, FHRD o), 8 1< <m)ic&kD S, =S((o;+ 55)/2, (B; —
a;)/2,r) ERINDHIETHS.
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COLE ME1MDPSEL IR NS
EIE 1. 36 S; (1<j< m) 75: D DIEBBA L L, ;(2) € AY(S,.,n S;)
(So=Sn) L5, SO, a; € ;1N S; 1AL

J

fj(z) = E , az wf + E : CHaz wf ( 27”) (O <J< m) (1'14>
/=1 {=j+1
LL, S =5, N D5 (p=minla;|) LT 5 E& f(z) € A(S;) (0<j<m) T
j
Rz itz g

z) =, Z @IW(W)(Z)

fi(z) = fi-1(2) = ¥;(2),
Sm(2€°™) = fo(2).
BRAZIZRD k-summable 2RI 2 0idE %2 5.2 %

EFE 1.37. f(z )EC{Z}k & L, Sing(f )—{d mod 27 | 1<j<m} &T5%.
ZDEE, Sing(f;) = {d; mod 27} 7% % f;(2) € C{z} (1 <j<m) D

1EL
- > 5e)

tERINS.

Proof. di < dy < -++ < dp < dpy1 = dpp +27 ELTEO. ZDLEF,
dj € (dj,dj1) XL fi(2) = S0 (N)2): fol2) = ful2) EL, y(2) =
Fi(2)=fia(x) (A <i<m) &35 L, 4(2) € AVS_1NS;) &k, #EL,
Sjxdbe p>0ICLER 1.3 T =d;j—7/2k+e, B = j+1—i—7r/2k—5
LD DYETHD. 22T, a5 = pe”™ (pe (0,p) &L, S % a; =
d;—m— 7r/2k:—i—€ B; = d; +7r—i—7r/2k—g L L% D; i R &134
B & CH,, (¥;)(2) € Ak( ) ERB. ZIT, e > 0 BEEE IS E LB O
T, CH,, (1;)(2) =k CH,, ()(2) € C{z}y, T Sing(CH,, (¢;)) = {d; mod 27}
L% 22T, fi(z) & (LI ICE DERL g;(2) = fi(2) — f;(z) £T 3

find 1.34 226 S;1 N S; kgi(z) —gj-1(2) =0 &% 3. KoT, g(2)
Dy TIEAIT 2 = 0 THERERD, h(2) = g(2) € C{z} E%b. ko7,
fi(z) + h(z) = fi(2) =k f(2) £%2DT, fi(2) = CHa, (¥;)(2) (1 < j <

—1), fm(2) = CH,,, (1;)(2) + h(z) &THUZ X . O
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1.9 EmHEER

AEITIEE>1/28 T 5. £9,S! LD Gevrey order k T/t AT HE 75 BIEL
DI o IR TERIND: [ %2 ST OEFELRHESGL TS, 2L E ()
%, H LR p: T — (0,1) BHFEL S, = {pe? |0 < p < p(h),0 €I} I
B ENDEEO MBS LN TR 2O L THRA L T 5. St DMHifl A
PHEEA2RIZ S DB L 2 2D T, 205 S LOME o WHRICEE 3.
ATl [Ra2],[MR] ZISHEV, o, DIEARPTEEL I OV CEFIT 5.

F9,Clle]liyn 2S' LOBREEEZ D &, o DELD S HRGH T, -
= Cllelip DEES. DL E 7Y =Ker T, £¥2 &, @ 112 %
5RDFERINDIF SN S

0— ﬂfk(o) — ), — Cl[2]]1x — 0. (1.15)

LSt ") = 0, I(SY @) = C{z}, T(SL,Cll2lly) = HY(S,Cllliyw) =
Clle]liyp WCHEEL T, (1.15) 26 RDERINZ S5 5.

0— C{z} = C[l2]]iyx = H'(S", V) = H'(S', o) — C[[=]]1x — 0.
T, HEOMaEIRD, S DIEHBEEEZ S 2 itk ) EH 1.36<175}66>
RGNS
FHE 1.38. (1.16) D4 HY(S!, ") — HY(S', o) DERIF0 £ 723

EM 1.38 026, ROFERINBBH oS!

0 — C{z} = C[[z]lix = H'(S', 4”) = 0. (1.17)
£72, HY(S, o) S Cl2]lys E%2 2 Ebbhb. ZIT,
119 = [d — 7 /2k,d + 7/2k] mod 27
EL7LE ROBRINFEET 5:

0— (%)Sl\léd) — ﬂfk — (%)Il(cd) — 0. (1.18)

(y
(y

I

L2 d
St St \ [’g )
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L5l I EBEA LD, (F)gr g = L2ty e ERBDT, (L18) 25
RDOGTERINBGF O N5

0 — To(S'\ I\ a4) — C{z} — TV )
— HNS'\ I, ) — HY(S', ) — H' (I o) — 0. (1.19)
OB T (1.19) LABOZERIIMESND. 22T, EFEHS
Tp : T(IY: o) S C{z}ha

T, Watson O X D
L") =0

L%, 7, TS\ 1Y 2) = 0, H(S'\ 1L Cl[2lie) =~ Cll2le &9,

0(1; o)

|

0 — HY(S'\ I\ ") — H{(S'\ 1\V; 24,) — Cllllu

i o ) o

H\(Sh ) = H(Sheh)  ——Clll

DT 5. ko T, ROBRIIESNS:
0 — C{z} = C{z}ea — H(S'\ IV ) — 0. (1.20)

72, St OHEHELRFES TSR L Bi(1) 2 [ DEREDITAT k-summable
BB DETEAGLE TS L, 25 St ED k-summable 2k ED 7 2,
DEE DY, oy, By BT DX I LCHHEST B 2 LA CE B £, 6
ZS'!oavr—¢ L,

Dy = {(61,60,) € S' x S' | |arg 6, — arg 6o] < 7/2k}
95, F7,p ZEB UGB 255, pp 2 2T 2552 L T 5

St x St

N
St St
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DL E,
%/\ :pQ*(pl_lQ{k)Dk
E55 L, o, B \FROBIFRAZ W75

%k >~ Jka/\.

$7:, 9, = GL(n: ), Gy = GL(n; Cl[z])ix) &£ T 5 &, HALRH T, :

G — G BEEZH, G0 =kaT, £T2. ZOLE, (115) LRBICRD
TR SN S

1— %(0) — G, — Gy — 1. (1.21)

Z ZC, Cartan Offid & FLIOERIC X D EH 1.38 06 X3 E i 5!

FIE 1.39. (0.2) 5/ 5N 3 HALH H(S,9") — HY(S' %) nBIF1
L.

111, @ 1.38, HE 1.39 & IR T 5RASE H O Wi BH AT RE 72 BI B D 72
TR L THRLT 2. 3l [Si] 220, %72, LA BOMHIMRITICE »
TOHRBRD ERDIELILT 5 2 EDFI ST 5. GEfI [Ma), [H] 2 S,
1.10 ZEHRFMAIEEMN

AREITIZLERNATREMEICBI L THAT 5. £97, ROMXHY Watson D
2N

I 1.40. [ > k> 1/21ZxF L
010 ") = 0.
Proof. £9, RDFERINFEET 5:
0= o9 5 7@ o 717 L0

20D E, Watson DD S T(IY; 7)) =TI, ") =0 £ b, kD5
IR SN 5:

1
0= D1 40 )77y — H (1Y ) & H (1Y, 7).
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EoT, L OHFEZREIE L V. BB 1.38 0 6 XROKADVBH 51 5.

o

15)
(19 ) —> Cllzliy — H'(I\?: ) — 0

T 0,
r("; o) —= Cllelle — HY(1; )

T, peKer i ETBE O(f) =9 &% f € Cll2]liy PFET 2.
iofJ%nmﬂauﬁ,))%Tﬁi;m 2T, 0(f)=0kb fe
T (DI 4)) T % &, ROMEIRES NS, O

R 1.41. 1 >k > 1/212%f L
T, : D17 2%) S C{z}ra N Cl2]1 -

Proof. Watson DA & MEPEIZWI S 2>, @EMEZRT. f e Clzlpa N
Cllzllip E52ET(f)=f %2 feTIY; o) DEFETS. 22T, B
L8 Y k' = k' =17 &9 % & §(d, 7/2k:) \{0} LIERIC Ba(f) =, Bi(f)
%%, ZCZT, fECHmﬂiDBK)EC&}&&%®Tfﬂ@ﬁ%@#
5 Ba(f) = Bl(f) 7, Ba(f) & S(d 7/2k;) I exponential order [ X 1
%@19ﬁ%f—ﬁmo&ﬂﬂerw AT, f2f k. O

ICLHEBRITRE R E E# T 5. £7
00 =kp1 >kn >kpn1>- >k =k>1/2
R L k= (ks k1, o k1) &L, d= (dmydpey, -+ ,dy) € R™ 1F
[ pim) e i
EhizzTET5. 22T, 1< <micRL

Ay =T ) ")),

J ]+1

B.

J

F([(dﬁ-l /%

ki1 0 ]+1)
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E9%. ZOLE BHABFICI 2 ROMAZEZ 5

NN NS

:@774}§—$§A1X31A2X32'"me—lAm %AE,J kg%j‘ f: (fh'" ’fm>
€A % k-precise quasifunction, f; % k;-precise quasifunction & MRS 2 C
T, CKer T, (1> k) &0, AR T, - 4; — Cllellin (1 <5 <m) A
EEAD, (fi,, fm) € Ag g CRL T (fi) = -+ = Ti(fm) €55 C ENTHER
T5. 2L, (fr, fm) € Ap g KL T(f1) 2GS E 5 2 Tk H AR
BTy Ay g — Cll2llyw DEE 50, TDOFIm TE%C{Z}EC;&?%L, Z DIt
% d 51N k-summable Ze 88 E WS F72, (fr -, fn)s (91, -+ 2 gm) € Apg
CCXjL, %O)%% (flgl,--- ,fmgm) T'_IEH(V)% Z itk b A];J&i%&.tfb, TE
FERAERIL & 72 5
112, A =0 kb, Ay = DS oh) EBD, Flcm = 10L&
Tk:Al :> C{Z}kl,dl k&%

CDEE, RDIRLT 5:
EIR 1.42. Ker T} = 0.

Proof. f = (fi,-  fm) EKer T, 53, T2& Th(fi) =0&D, f1 €
D50 g0 L b HHL 140 5 fi =0 £ % 5. RIS B, DIGE L
Th=feB2DT, foe (I, a0 1) L b, HOEE 1.40 25
fo=0&%5%. FARRICLT, MRIC f;=0(1<j<m) &% 5. O

R, R 1.42 55
Tp: Apg — Clehg
B0, feClelp KRL T = (fr, o fm), BlE fn DT EZ [ O
% Borel fll LMW, S, 5 (f) ££7.

W13, flgeArz &L, fu=gn £TBE, f-GeKer Ty £%5%. ko,
EH 142 205 f, ZEDIUS Ap ;DTG f—HINCEE S 2 L0DH 5.
Clz}p  BBRTH B0, K DFEL CRDRLT %
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BB 1.43. femnC{z};;. 9(2) € CL{z} KL g(f) € C{z}j 7
FHE, f=(fr,  fm) €EAgg TTH(F) = FETBE g(f) = (9(f), -,

— ~

9(fm)) € Az g TTi(g(f ) = g(f) &2 2 LIRS,
Db 5, n,;j:mﬂC{z},gJ, ETBERDEONS:

il 1.44. (C{z}p g, ngy ) BIERRAEITPID £ 72 5.

K2 k-summable 72 U BIT 2 9 REMICOWTRR S . F7, f0 e
C{z}pa, G=1,---,m) €T 2. ZDLZ,

f=F04. g fm (1.22)
ETBL feC ey b, HEIE
fn = St (FY) + -+ + Sppa, (F™) (1.23)

ETHUL, fo E A DIEERED, Ti(f) = f EB BT EWDDZ. I,
k-summable 72 852 BT 2 R D AREIEDSHRAT T 5 -

FIE 1.45. f € C[[2]]yx <6k LB i [FIfl -
(i) f € C{Z}E,cf
(il) fO € C{e}ua, (=1, -+ ,m) DELEL (1.22) DL SN S.

Proof. (i) = (i) 2T, (fr.-+  fm) €Apg EL Tilfm) =F £T 5. 22
T, Bt T fon = frn1 K0, frna 26RO XS I [0V OB (1;)7_,
& fm—l,j S F(IJ,%) 753\%? % d%Z) q (1 < q < p) &:5(3“_/

[ c 1,
LN =0 (G #a),
fm—l,q = fma
Jm—1j = fm-141 € (I N Ij41; %(2))'

Z 2T, Cauchy-Heine 28417 HIV> 7@ B 1.36 & RO S g1, €
F(Ij; ,kam) T Ij N Ij+1 J:

fm—l,j - fm—1,j+1 = 09m-1,j — Gm—1,j+1
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LB YDDHET D, LT, hye 1 = fm L= gm-1; £$5E, LN,k
hml]_hm 1J+1é:iﬂ)hmleF( D)) DEED. T Gty S,
fmEF3E f) e Clzhp, an &t,c% T, fEED g e Cllz A, EHTL
g; € A; (1<]<m 2)‘(Tk(gj)—gki¢%¥)0)7b)ﬁ¥ﬂ%0)“( h=f—fm

k‘a—%&_ k’/_(k’l, k? ) d’_<d1, ) ﬁj‘LhEC{Z}k/d’ ktf
%. ko, iz f@ € C{z}n,a, (J :1 m) ELEL f 13 (1.22) D
JBlokINns Z ebrs. O
114, —fRIC fﬂ € (C{z}k 4, (=1 ,m), Py, - . Ym) € Cly1, -+, Y]
KL P(FO,... | fm )e@{z}“at;%

SEHL1.45 ONREMVB L f € C{z}j s D% HE Borel Ml iSM(f) (1.23)
THZ 653, J. Ecalle I & 5 Acceleration fEFzRZ T, UTFDkIic
EREIC Sp 7 (f) ZRENT 2 2 E3TED. 9, k> k> 01K L d 1D

(k, k)-Acceleration 7E ] 3% Af g BRTERSNLS:

ApeaDQ) = ¢ / Cp e ((E1C)F) ",

1 “1_jy-1/a
—/ plmVeee o gy o (a>1).
7

Colt) = 57
772U, Cot) DFETHE 1 13 (14) Td=0, k=1, L7cbDETSEH. 2T,
Af g DEFIEDMHE L 7% 223, f(C) € Bxpy, g (SR L TE Ap, 4 (f) 23EFET
HET

Ak a(F)(€) = B g 0 Lra(f)(C) (1.24)
L b, FERE

B 40 Lia(f)(C) = /G(C/Z)Ez%dz_’;/o e~ ©/D" 7k p(C)ach
Y

coeid o }
:/ f(f)dék/zfﬂke(C/Z)k(C/Z)’“dzk
0 Y

L5, u = (2/OF ERMNEREEBT LI LICED (1.24) 5N,
kT, BT F(C) = ¢ (s> 0) IS8 L
I'(1+s/k)

T(1+ s/ig)gs (1.25)

Afc,k,d(f)(o =
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L%, 7, Q) =X, fl" € CCN IR L A, ()(Q) %

A, H0 =% ?”—Z/'f)fncn

noo L1 +n/k)
WX DERTS. 22T, RICHEET S
fRE 1.46. a > 1ICRL g %
fl=1—at

9%, ZOLE EEDe> 01T ¢p,e0 > 0DFAEL S(0,7/8 —¢) b
1CL ()] < cre 2t (1.26)

7Y

Proof. C,(t) DERANTHDER Z v=1t""u T 5L

t e, -1 —1/a
Ca(t) _ _/ Ul—l/aet v=l—p=1/ dl)_l

21 ~

KD, EoT, f(v)=v Ve LT B E CLt) = tBio(f)(t) kB,
2T, f(v) € AT (S(0,am)) &b T 18925 Bio(f)(¢) € AY 1(5(  (o—
m) &b, koT (=t LT, fid#H 1.7 25 (1.26) 215 O

o T, il 146 5 RXBMEF SN 5!
EE 1.47. S=5(d,8) (6>0) £ L, k>k>01cxL k%

t
)

—1 — k_l o k_l

WEDEDSL. TDLZE, f(C) € A(S) 1S Texponential size k £ T 5 &, {T:
BDe>0ITNL ple) > 0DHEL S = S(d, 6 +7/k—¢, ple)) E A o(N)(Q)
ZIEATE 5. F 7,

=114kt

EF DL Al € A[(S) <

Az a (D) =1 A (HI(Q).
Er 5.
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115, Ap, DRI Lig DODITHNEL 2T 5.
CDEE RDRALT 5
FIE 1.48. f € C[[2]]yx 6k LB (Il -
(i) feC{zls
(ii) Kl L k; (1<j<m)%

-1 _ -1 _ 7.—1

WEDEDS. ¢;(¢) (1 <j<m) ZIEHIIC
gkl(f)(o :91(07

9i+1(C) = Arj 1 k5.4;(95)(C)
WCEDEDLLEE, HDe > 0ITHL gi(¢) 1F S(d;,e) T exponential

S12€ Kj.

Proof. £3 (1) = (i) 277, EH 145 O9REH G322k f e
C{z}p,q, CHNLREIFRV. TDEE, i < jITLIZ g(Q) I3EEBI%T
exponential size (k; ' —k; )™ &0, (k' — k)TN < kg K OBOLT
3. 57, i(Q) = B (D(Q) EB B2 f € Clahy £V 6;(0) W d; AT
exponential size k;(< ;) £% 5. £2T, g41(¢) = Bi,y1a, © Liya,(95)(C)
£ BDT gi1(C) 13 djyq JTTHT exponential size kjq &7 5. FRICL T
i >+ 1AL D gi(¢) 1 d; J7THT exponential size k; £ 725 Z L3O 5.
KU (i) = (i) KB L TR, 7

fi(z) = £2j+1,d(9j+1)(2) 1<j<m—1),

fm(z) = »Ckm,dm<gm>(z)
E%. 22T, Ly, FEE 112 DFEHTHW R AEHERET, |d - d)] <
/2 +m/2k; WTRL LY, DGR de'? DFEE Gevrey order kjyq T OIS
WHEEB S NG, COLE f= (fi fn) € Azg EBD, T (f) = f
Ein. FHEE f, € Ay TS = f £ B2 EEHSDEDR, B, DIG
ELTfj=fia EB2ZERERDEICL TS £7, g;(¢) ICHL
Aij+1,kj,dj(9j)(C) z

Aij+1,kj,dj (g])(c) = Bk?j+17dj © Eij,dj (.g?)(C)

63



Ik D ER ::@Jﬁﬂng%wﬂﬂm@)&ﬁék fird 1.46 2>
5 gj+1(C) — g]“(() \& Gevrey order kjkji1/(kji1 — k;) T O ST R S
NB70, L) 4 (g1 — 9741)(2) 13 Gevrey order kjyy T 0 (CHIERER] S
ns. £, FH 1,10 X D fic1(2) = Liy,,a,(90,1)(2) ERDBDY, fi1(z) —
£2j+1,dj+1<9§+1>(2) b Gevrey order k;j1 TOWCHWREERINS. M E2S
BiiDILE LT fy = fio £BBIEDbh5E. koT, feClelpy bk
5. O

B 148 5 RXMF 5N 5!
% 1.49. f e Clz}pq WL, 2 DL Borel M1S;, ; (f) BXRTHEAZGNS

SE,CT (f) - Ekm,dm © Akm,kmfladmfl ©-+-0 Ak27k1,d1 © Bk1 (f)

2 MEERERICRITIEABEDOEE

IR BUREL D n KIETTITH A(2) € M(n; C{z}), IEEEB L IZXF L, RD#EAL
W iR DOEAR 2R T 52 L 2ER 5.

d
zkﬂago = A(2)ep. (2.1)
— M (2.1) 12 =01 K%%ﬁﬁﬁkﬁiméﬁﬁﬁ%%oﬁx$ﬁf
[BJL], [Ra2], [Ba2] IZfE\>, T & 9 kI i%%f@@%Lq%
Borel fARIATREMEICBI L THEET 3.

2.1 Splitting Lemma

AEITIX, (2.1) % A0) DFFER A, - N WKWIBUTHRT LI L2 E 2 5.
1ERIAT41 P o GL(n;(C) I Kk B2 = ng £ D A(0) I Jordan FEHENE &
LTk )\ 12BI9 % Jordan il 2 £ 7= b D% J())) € M(n;;C) £§ 5.
%i@%w i?é—zw% 2HEZD:

J) 0

PR, ¢ =T(2)¢ (T(2) € GL(n; C{z}y)) % 2ZH#4T, (2.1) ZR DG LM
T5HDEHKT 5:

zkﬂdi;@b = B(2)v, (2.2)
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2= (%7 ne)

7L, Bj(2) € M(n;;C{z}x) (j = 1,2) TB;(0) = J(\;) 2T ET 3.
SIZT,2)ICe=TkWZ2RATELYIZ

d d
k+1 _ o1 k41
z dzw T ( z dzT + AT>7,D

ZWile T b s, Ko7, (22) EHIKL T, T(2), B(z) z

d
k1 & _
HNTT = AT - TB (2.3)
Zi 723 K ) ISR T U X .
BAIIC, T(2), B(z) € M(n; C[[2]]14) T (2.3) £t b DOAFAHET 5 2
LERT. T, T(2) BROWTH S LAET B

T(z) =1, + <T21O(Z) T120(z)) .

7L, L 13 n ROYMATHE L, T;; € M(ni,ng; 2Cl[2]]) £ 5. A(0) DT
SIDIT I ITICEDET, Az) 2

AH(Z) A12(2)
A(z):( () Am(z)) (2.4)

ERT. ZDLE, (23)D (1,1) Bz LT

0= All + A12T21 — By (25)
DS NG. KT (2,1) B il L <
d
ZkHaTzl = Ao + AgoTo — Ty By (2.6)

DMESNS. XoT, (25)ZHOT(26) 026 B ZHET 5 &, Ty (K%
7T X IR TN LW Ebh 5.

d
ZkJrlETQl = A21 -+ A22T21 — T21A11 - T21A12T21‘ (27>

By, Tio WCBHLTH (2,2) BT, (1,2) Bz ik d 2 2 L1 & ) Ao X235
5 5.
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T21 = Z Tz(f)zp,
p=1

Ay =Y AP
p=0

ZLT, (27) D2 DFBEIIET 2 2 EICK D ROABME SN 5!

p
(p—k)T} Af, +ZA TP TPAR - S AR T,
g=1 q1+q2+q3=p
qi,,q32>1
InzBML <
p—1
0 —
_AEQ T21 +T2(1)A§1) - 21 +ZA(p 1 T(q ZTZ(?A% ?
qg=1
: —k
S AP - p-oT . s
q1+q2+g3=p
q1,,q3>1

::f(zawﬁh.7§H1<q<p—m@Afi&b,ﬂ?%é&?m&
if\_ )\1 7£ )\2 c]: D g All Ci M(n2,n1, )Jio)i"\mﬁf{f?ﬁ;ﬂzﬂq

fL&&%.ioTJZ&iD TS TY (p> 1) DEE L2 LD b2
QH\GC Tgl S M(ng,nl,zC[[ Hl/k) é’.t‘:% E:’E/T@— ’f—fﬁJP = (pzj) S

M(p,q;C) IR L, 2D/ VA |P| %
1Pl =" |pl
1,J

9%, £7, A(z) e M(m;C{2}) £V, H2EECy > 0BFEL p > 01

R L
|A |<0P+1

DIRILT 5. LUT, Jdiiiic R 2w d: H 288 C > 00 EL, fEED p > 1

WAL
TP | < CPT(p/k). (2.9)
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p=1DEERXHS»HDT, 1 <p<py— LKL (29) 2332 T % E LT
p=py DEEZE LQI)VELTHILZRT. C>Ch T 5. HIZIE, (28) D
A5 2 THI

| Z AT <

Z C cpo(ij}) T (/k)

= c(jococpﬂ k 1)

L%, £72,(2.8) DA 5 HIZ

_ —k
(0= BTV | < i - o ()

o—k1 [P0
— Ok (ﬂ
£ % MMOIHICE L TH AEORHlINGE o523, L b ERYFHETH %
D5, 0> 02T RESCHIUIMTERED p > 1ITHL (2.9) IRALT 5 C
EBOHPY, Toy € M(ng,ny; 2Cll2]J1,) £ 5.
RIZ Ty € M(ng,ny;2C{z}y) 422 E27RT. 3, X := Biu(Tw),
Ay = Bi(Ay — AD) £ 3L, (1.9), (27) 25 Toy p EREW T

—AD X+ XAV 1 k(X = kP X+ Agy g+ Agy g X — X Ayy p— X w A1y g X,

(2.10)
22T, (2.10) DELOBIUAERH A -+ A + k¢ B Lo 2T B E,
SA{CEC |k¢h =D — N} =0 ERBMFIRS = S(d, ) 12 L 13T E
%%, 22T, Expl(S) & S CTIEHIT, S kiR BI% £(¢) T

1£1] = sup e | £(¢)] < o0
Ces

%Eﬁ*ﬁ@f:'ﬁ‘wmﬂk‘?‘% L, Exp}(S) I* Banach %[ & 7% 3. P(C) =
))— (p,q,EXPk( 5)) 4 *TLVC%)HPH%HPH—’(HPUH)! ckDER

|Aij B| S C()eh()'q (211)
DIALT B, h>ho £ T2 &, HIZIE(2.10) DAEH 3THIX Ay p(0) =0 & D

- tdA Ay L

t(k
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[l ~ B I
< Cok™? / MU= (] — J) V511X | d)] ], .

0

< Cok™(h — ho)~Ykeh) | X

L, (2.11) 25 dAy p/d¢ b (2.11) & AREDOFHTiZ 72 32 & 2wk,
[FAARIC LT (2.10) DA 5 HICBAL T

X % Ao g x X| < Cok™2(h — ho)~YkeM) | X |2
DIRALT 5. (2.10) DEDENZBI L T H FMRDFHM DKL T 5. kT,
F(X)=L'(k¢"* X + Apyp+ Apppx X — X A1y g — X % Ay g+ X)

EFBE, LT Mo, nas Bxpl(9)) EORRAMIBIENE £ % 20T, b,
M>0Z2ToRESCHB L, F I

P = {X € M(ng,ny; Exp(9)) | ||X]| < M}

FLOMiINEGRE 7S, X 5T, Banach DABRUERD 5 (2.10) 27T X €
M(ng, ny; Expl(S)) DSETE L, 23 By(Ty) DN Z 52 5. M b o
Ty1, By DT d = (arg(Aa— A1) +27 Z) /k DFi17%Z FR\ T k-summable &
%52 0D 5. ARRIC LT Ty, By DEITEd = (arg(\ — \o) +27 Z) [k
DI %R\ T k-summable & 7% 5 2 &30 5.

FIRRDFERIC X D, —RICRPIKALT 2 2 eI nd: AO kR %
AL A M #F N (£ g) £ L

J(Ae)

E95%5. ZDEE, Bi(z) € M(nj; C{z}x), T;j(z) € M(n;,n;;zC{z}x) T
BY = J(\) £ 5 bODELEL,
Bl(Z)
B
B(z) = 2(2)

By(2)
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: iR : T(£—1)z
Ty oo c-- Tz(z—l) 0

ET2L, o=TWITED (21) 1 (22) IcBINn . £/, X, B; 13

U {gorstn -2+ 57}
p#j

DI % BT k-summable & 72 5.
%IK/%%, (23) "o Aiju Bj, Ej ¢

By = Aji+ ) AT,
p#j

d
ZHI@TM =Y AyT,; — TyB,
p

ZW72THS, Ty IS L 4 =2 DGED LITWIEST 2EHFED —T(N) -+ J(\)
THZONZZEDBHEDLTHAS).
H 2.1 —MRICRPIRING: X = (Xy,---,X,), F(2,X) = (F,--- ,F,) €
C{z, X} £T5%. F(z,X) &
F(0,0) =0
7z L,
J = (0x,F;(0,0))
EL7EEJRIEAIE TS, ZDLFE,
d
k+1 Yy
SHX F(z,X)
DIERFERBIR X (2) € C"[[2]] BP—TBINCHFIEL X(2) € C* {2} £ 2. H
i, JOREAEEZ N (1<j<n) £T2E, &X; 1

n

U {orsn) + 557}

Jj=1

DI % BT k-summable & 72 5.
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2.2 BEBHSAERANDOEHLE
HIffi ORI ZH F 2, REiTIE A(2) € M(n; C{z}x) TAO = J(\) L% 58
AR (2.1) 2 E2 5. £, L

f)\k_lz_kgé

p=e
BIF, o = T(2)y (T(z) €
Xf L

HEZDHIEIWLID N =0LTES.
GL(n; C{z}y)) 12k D (2.1) % (22) T, T KEHR M, N > 012

N+M

B(z) = Z B®) P,

p=0

B® — AP (0<p<N-1)

LU AR AN L BT 5 2 L R ER S T(2) BROFBET 5
T(z)=1,+ Z T® P,
p=N

£9, 2OX)BREMT(2) TT(2) € GL(n; Cl[z]]1) &7 % b DVHIET 5
ZEERT. X =BT - 1,), Ap := By(A— A®), By := B,(B— B©) &
5L (2.3) DORDADILLT 5:
~AOX + XAO 4 k¢hX = k¢Fx X + Ag — Bp+ Apx X — X % Bg. (2.12)
22T, M(n;C) LOIEERZE —A© . 4. AQO % [ —AO . 4. A0 4 gk
Z Le &L, det(A—L) = Mf(A) (f(0)£0) 52 &, (L (=003

D, ={CeC |[¢|<p} hTWEit k2. £ Ag D& D, LIEH]
£9%. 22T, % % D, DNFTIEAIT, D, Fudl 2Bz REICH D n

qul:nngZK_me<ﬂ<cm

Py

LB HDD TN, By %

N+M

P Mn; C)¢r
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EL,Y(Q) = (j(Q) € BolTHL, ZD/ VL%
Y2 == sgpz ¢y ()]

s /L?]

&‘3‘6 &, @1, %2 =S Banach%?aﬁ&tﬁ%. Z :VC,
TA(z) = AP@) P

LU, WA = Bp(TA—AQ) L 52L By —Age By LD ZDLE,
(X,Y) € By By ITXL,

F(X)Y)= Lgl(G(X, Y) — Fy(X, Y)),

B(X.Y) = o | ax, Y)(é)KN,M@/é)%

£ 5. L,

GX, V) =k« X+ Ag —"Ap + Apx X — X x"Ap — X x Y,
1—tM+1

1—t

5. EF RBGERDS B(X,)Y) € By LD EDNbND. ik,
GX,)Y)DEENPS GX,Y) 1N TEIWEINS Z L0503, Fy(X,Y)
DRELD S, HIZG(X,Y) - Fy(X,Y) iF (VML THEDYIND 2 E3bd b,
Yo T MZM>ku—-1EFUER(X,)Y)e B L5455,

DIN, =%, @ %, F = (F1,Fy) E LT EE, +aRE7% N,C > 0I1T%
L FlZ

Kyu(t) =tV

Fo ={(X,Y) e Z | |[X[L +|[Y]. < C}
FofiNGHRELRE 2R T. T, H5 Co > 01N

%‘<CO

sup
Dy

E95. ZDLEE, ROFMDIRLT 5

ApeX| < | [ B 0L 0 X @

t=¢k
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t=Ck

< Cok ™1 X|h /lt|(|t| — [E)M N |
< Cok—1||X|yl|gTN+1B(1/k, 1+ N/k).
kCFx X, X " Ap ICBIL T ABRDFHIIARALT 2. 72, XY ICBIL TiZ
X+ Y| <K IXIWY o[ ¢*Y B(N/E, 1+ N/k)

DL T S, 22T, B(1/k, 1+ N/k) = 0, B(N/k,1+ N/k) — 0 (N — o)
WKHERTS L, [ = p LTORHliZEZ 2 2 LITX D, RAMEDEHD S
N,C > 02+t RELHNIF 1Z Be LOMINEBRERD ZEDb 5.
& o> T, Banach DB FUEH L D, HETH 7 T(2), KU B(z) DHED D
D25,

RIZ, T(2) 1F A(z) EFIC J71AICT k-summable & 7% 5 2 & 28T, A(z) &
d JilFC k-summable £ 5. TDEE, 0<p<plciL (=ped &L,

S = (o+ 5(d,¢)

5L, HBe>00FMEL, Agld S FIFRIT, & 388 Cy, ho > 0 1%
LR D3l % il 72 9 ]
|Ag| < Coeloldl”, (2.13)
Bp & S 1 (2.13) LRl 2572 9. 2 2, Expj(S) % Hiffi & FEkICE
#L, X € M(n; Exp(S)) IR L
t

- d . .
F(X) = L] (AB _Bp+R+ (% K- t)X(El/k)dt)
0

t:&) (2.14)

to=¢k
ET 5. ZL,
K(t)- =tl, - +Ag(t**) . — . Bg(t'/"),

t:C’“,)

to=Ch

YL, Ty = Bu(T - I,,), Bp = Bu(B — BO) &, LT L 72 T(2), B(2)
ICEDEDS. 22T, L7 E M(n; Expl(S)) Lo RABIBIENFE & &
203, Hiffi & MEDEGRICE D b, C > 02 P RE UL, FIE{X €
M(n; Exp(S)) | [|X|| < C} LofhEEE %%, k- T, Banach DARB5
EHP S F(X) = X 2723 X € M(n; Expl(S)) SFEL, 2D X 93T D
S ~DENTEEZ 52 5. Lo 6, T(2) 1Z A(z) £[E L J71AT k-summable
ERBT DS,

o= (4 [ " K(t - ) TalE4)d)
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2.3 EERFESEAEANDOLTIA

AHEiCld 2.1 i, 22 HiofEZE £ 2, (2.1) Z summable ZfE % T,
AN e R S AL RN & x?ﬁ@j_ 5 LaEZDL. AKHITIE A®R) €
M(n; Clz]) T

J(0;mq)

E7% % (2.1)ITxFL
i) HREXDOAHEE K,
i) XD n

DELSH—TTR TG BIUFEIR LI 2EZ 5. 22T, J(0;n;)
M(n;; C) IZ[EAEO | ﬁ?‘%nj XD Jordan M E § 5. T JZO,(Q
IFIIICE =0, HDVIEn =1 DHEENELEHINDDY, n =1 DHH
HoTH A ).

BN (= 1 DBEEELD. n>22F 3. £7,T(2) = I, + T(2),

N
T(z) = ZT(P)ZP
p=1

B8 M) =T(2)pll XD AEED N > 0120 L (2.1) % (2.2) T

c
1)
xS

N
B(z) = J(0;n) + Y _ B®2" + B(z), (2.15)
p=1
0 0
po— | ] (2.16)
0O --- 0
b® o o)

B(z) € M(n; 2N*1Clz])) E L7 bDNELMT 2L 2EZ 2. (2.3) D 2P
DIFRBZHT 522 LIk D, T, BZRz2Wizd X 9 ST U X

J(0;n)T® —T® j(0:n) = BP — AP 4+ RP), (2.17)
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722U, RPIZAD TW BO (1<¢g<p-—1)ICkYWEFTBHLETS. 22
“C,T(p :(ij)&@“%&

(p) (p)
T N U (R
. . . . (02 ()
J(O n)T(p) _ T(p)J<0. n) _ : : . : . 0 la1 t 2(n—1)
) P
.. (») (»)

L%, koT, TW KW, (2.16) DIFD BP T, (2.17) Ziililz$ b DOHLE
32 L htbing. i p>_o<1<j<n)at,cz>T( VIE—EIICEE .
PI#%, B(z) 1% (2.15) DB E§ 5. "B(z) = B(z) — B(z) & L,

N
Zb%zp (1<j<n)

p=1

£9%. 22T,
P(z,Q) = det(( - trB(Z)) ="+ Z(—l)nfjbjﬂ(z)@

9% L
det(¢ — B(z)) = P(z,¢) mod 2" C[z,(].

ZDEE, P(z,¢) D Newton polygon IZHDMHEE Z KD DA ZKFOA, HZ
DIRORELMFOHEZ —reQl L, (=2¢LT2L,

P(z,0) = 27" P(z,277¢) = " + Z ) b (2)¢
L%, 22T, FOMRICHIET 2HHZ ¢, B (=1)"90b,, 4 (2)¢% &L,
bjOJr]_(Z) Dz=0 T@é‘g}ﬁo)'fﬁﬁ% Vo & j‘% &.,
Vo
n—Jo

Y50 = po/go (po,qo FH\NITHE) ERT. r OWY n s P(z,() D
Newton polygon [ZMEZ 230 D F 22— 2Fi L, 2 IS OEHOME S 134 TH &

r= (2.18)
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%5, ZDEE XD S, (2) 12X B, Shearing 224 L WX 2 M) = S, (2)
nEZD:

Zr(nfl)

% &, 2D Shearing 21 K D (2.2) BROTTEANELHINS:

zkr+%%¢::cx@$, (2.19)
0 0 0
CE) =dom+| G L L),
bi(z) -+ bu(2) r(n—1)

2B, bi(2) =2t 0hi(2) 1< j<n) & L,C0(2) € 2N M (n; Clzt/0)))
ET 2. k—r <0DEAEIIPEC (2.19) 3EERRALZDOT E—r>0¢&
T5. ZOLE r DMLY H 5 Cz) € M(n; C[2Y/%))) £72 D, bjy41(0) # 0,
bi1(0)=0(1<j<jo—1) £BBDT, N—rn+1>0&%2%HICN%E+
ARECHUR, C(0) 1F 0 IADHEHIEZ RS 2 E3bh 5. C(0) BEED
THE 7 2 A fEZ R TR, 2.1, 2.2 fiioi&o & RO n 23 T3> 72
BEICREIND. £, C0) BEAMEZ 272 T ROBAIE P0,0) =0
Fn EREROD, ZOEED;(0)#A0(1<j<n) %D, P(z,¢) D Newton
polygon DI FDAT, (j—1,r(n—j+1)€Z> kb koT,rcZt
72 ) ANHEEE k S PS> I mE SN 3.

1 2.2, EELD Shearing ZH#a Tl 25t & 2 DX RRXDEE n 23T 235 7
BEIREINIEEDATH D, £, 20 L EDHE ¢ 1X, (2.18)

RIZE =2 DBHEEEZD. A(2) 1T A0) DfFFIDOZ T HICADbET
(24) DEHTHFINTVE LTS, £T, +REHR NITHL Ay (2) €
“MM(no,ni;Clz))) % 25G2EA5. COLE, (21) TA=A L Lk
HDIIHL =1 DHEEIC ETHIRL 72T (2), S.(2) Z Ti(2), S, (2) &
L, A=Ay & LEbDITR L THFBRIC Ty(2), S,,(2) &L,

T\ (2)Sy (2
T(z):( ()0 o z”(”ll)Tg(z)Sm(z))
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L5 % % 72 R, N—rlnl—rgnz >0&%5 k?,le@k?@%@%ﬁ
25 ndHB0IEEN TR ‘Jfrﬁ%é‘ih% RIZ, \_O)J:')&Nﬁ—I“
RE N W& %%z57h>ka/@l¢ouv>U&¢%

Lz,
0 0

T(z) =1, + 2" (T 0) (T21 € M(ng, ny; (C))
21
DA =T ICED (21) % (22) T

s - (3 7o),

BY =J(0;n;) (j=1,2),

ci 0 - 0
Bu(z)=1|: + - | Z¥ mod "' M(ng, ny; C[z]) (2.20)
Cny 0 - 0
ELTLDNERWTHI L 2ERD. bwfw X, (2.3) D N OFREE
Wid 2 2 bick ), XEWLT T, B )GMWN%CVQ@QM®%®
bOVEET 5 2 Laneid ke
J(0:n2)TN — TSV J(0;my) = B — A0, (2.21)

@1)@% L [ARRIC _@;5&ﬂﬁ,21®ﬁf#b#% B =0
Bé iN%NHaquk@;%%a" w0k, B +£0o%aE, X
S(z) IZ & % Shearing £ = S(2)0 2% 2 %:

I, 0

o w C(2)9,

- (50 8
B J(0:ng)

&%ﬁ&f«&xméné.zrﬁcmu%%ﬁﬂ@%gﬁwy%jgzl
0)[5 BTN EICED ¢ #0,¢,=0(m+1<j<ny) L%DHLEE
CO @ Jordan EEHEFZ 1

(J(O; n(l) + m) o n(z) ) m))
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ERBIEDDLDPD. 22T, n >ny, m>1450, ZOBERZBED RS
(=1D%4, BlE N DT RECHNIGEIREIN, ZORE, Lk
En IR GEIIREINS. ( > 3DGELEMRICLTE £ n D
TG ICREINS.

I, MR SR ERCB L T2, KA TwaE LT,
% My € M(n;C), T(z) € GL(n; C{z}[z7']) BFEL (21) Tk=0&, L 7%
DiFp=TE)WIZLD

d
Zdz¢ = Myyp

NEZBHLI NS FRT My 1% Jordan IS T, 2 OREIAEDILERAY[0,1) IZA
559D T ENTES.

2.4 DRTE

Ml EoiEimDftam & U<, REITIEAEER R AICE T 5 RO 70 ifE B
255, 2T, A= {NOY., C C{CHC/C{C K/ L, BIFD & 910y
77 GEREDD: Ly =C{C}[(T']/¢"C{¢} &L,

Pr o Ly = Ligy

ZHRBRE LTS ZOL E,
U {200 mod ¢ iy, (< U )
k=1 k=1

% node, pp IC X DEF 8% edge, {\(O)}, % leaf &£ T ZEIZIRD AT 7
57 GhEensd. £/, L, D node % level k @D node EFEE. HIZ, G D
edge T, MR EL2 Dnode £ 2B bDDIHME DXL THROEND T I 7%
GL9%. 22T,
Ai(€) =Y AP mod C{¢}
K

ELEEE, GO NOICEDEE S level kD node i (k, \F) 2 WIE S ¢ 7
MG 2EZ 5.

Bl 2.1, A= {1, &
M(Q) = a7+ a®? oW
Aa(Q) = BT 4+ B+ BT
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ETBE, Gyl

/ (3,04(3))

(00,0)
T (3.59)

Bl 2.2 A= {N(Q}L, %

M) = aW¢ 4 a3 4 a2 4 oW

Aa(C) = B¢ + B¢ 4 g
A3(¢) = B¢ + a0
M() = YO 4 4B oW
ETBHE, Gy lX

////Mﬂw> 2

/ (276 2 )
(00,0) £ (4,30

\\\f )“\\\<zm
(4,0)

CDEE, RBoND: HEEBE ¢DHIEL, (=21 T2E A=
MYz € ¢TICCT, T(C) € GL(n; (C[[Clymg)[CTH), M € M(ny;C)

(=1, ,0) DMEAEL, (21) \ZPERFEEHA ¢ = 2V E B =T(O 12k D
RO ETREISNS:

IRD &I iR %E
Ffo:

T(¢) =T"™( )T 1) TTO(Q),

78



T, (0)
(i) (i+1). , . :
7;7(¢) € GL(n;™ C{c} D (1<i<m, 1< <ty
79(¢) € GL(n{"; C{¢}¢) (1<) <),
722U, {k Y (ki1 > ki, g1 = 00) (& Gy D node @ level D7 §THEA L
L, {n} ”}f(” X Gy DED % level k; Dn DYE] OF D
A mod ¢ C{CY = (PO

L7 EE i) 130, (Q) mod ¢RHIC{C = AV(Q) 4B g ICBIL ny, 2R
l/\zbt‘f’%)@&@“6 F7, Go i ATY(C) BN, Bild edge LRI E LT
o X 9 72 edge DIASL & 75 5 level k; D node z‘)%tmf% T =1 D)

£9%. 57, 2D LX) % node DIRBOEEZ {)\j o ET5 L, T )(¢)
@%}:ﬂz/\

) 1 ’ ’ 2n Z
Sing,, = |J {Jars, - A0 + T}
n#je !
DI % R\ T k-summable & 7 5. FFiZ, A(0) 2% Jordan FEHEIE T, 27 %
(1)
.ﬁ{_ﬁ%ﬁ“)% {n(z) il 7 Gy @ﬁ&) Z) level k D n(Z+1 DoEE L,

g, ntji=1
T(Q) & ORI abe T T, () € M) 0 gzaC{C}ki) P
T00(0) - T 00
T]@(C): v ' : y
TJ‘(,Z)KE-%(C) o Tj(,l)ey)zy) ©

_ _ Z
U%m@%ﬁwﬂ;}

pFj2

DJ7a % RV T k;-summable & TE 3.

79



W23 FE22056¢g<n EHNDE Z L3025,

1 2.4. fE-Levelt-Turrittin DEEHEZ X \;(¢), M; D Jordan AE D W ~4E
AZEBOT—ETH 2. EEE, ZODOEHT((), T(¢) I & h o DEHE A
Bonktds. o0 hBROREE, Z0FNB((), B() L5 L&,
S(C) = T~HOT(C) FX%E M7

d ~

Cd_CS = BS - SB. (2.22)
£oT, S(¢) € GL(n; (C[[¢Thkg)[CTY) &7 5 (2.22) DIFDIAHESM D> & 1
J5i-Levelt-Turrittin DEHERO—EWENE» NS, £/, 2D X I 7% SIFEE
TANCIR NG Z Eb b b.

BED S, d = (dp, -+ ,dy), d; ¢ Sing, (XL, TO(C) D Borel Sy, 4,(T)
25 Tk, R R AT

d
Cd—C?/) = My
DIFDILE (M % FIvT (2.1) D d J7HTDIFDIENEK

¢
Sk'nudnL (T(m)) e Skhdl (T(l))T(O)
¢Me

BEFES5N5.

1 2.5. TR0z e ICEEE RO L ERMATREEZRT 2 &b
TE 5 ([Brl]). £7, B ERD TERDOIEAMICEY T 2 % BRI A REME
HFNSN T 5. [Br2] Tld Acceleration fEHZE 2 VT, [RS] TIE % HigA
g 72D Cohomological 7 E XAl 2 TR G- 2 5 T 5.

T 2.6. ZEBDWHEMARHTICEI LTI [Ma] BEARNTH 5. /o, BoLDERE
IZBY L TI3 [Mo], [Sal], [Sa2] %%z ZH.
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FH A8y T FE D rigidity 12 & 2 KIskfidpT

ENAIKER 5L

2014.9.1-2014.9.2

REARKZZD R TY, FZ Fuchs BUAGRRRICOWTSHEHEBFEL L LS EBwE
T, LR, EILTZDEIRIEZEZLZDONEVS) 2 EZBHT Z2DIFIREL L
WETL, L2V TTITE, #iiL T 6iEd BRI R > T LES DT,
RELZTINEZIPI) EZAFEAKLT, CVLEnIHEEVET, KUk sE W
AINIBPERE 7L A 7 LTI TED I BRI EREZDLZDD, EWVvH I EIZDODWLTHWT
{NBLEELWTT,

1 Introduction

FIEHERE 25 & CHEYICHEE L2 DIZHEDWTHDD FTOTHLLRWVE Z AN
HIUEZF DHEF AT 2 & v, Hlz2 1, @&y FfEllizo k) %

Y +plx)y' + q(x)y =0,

y ZARABIEE T2 2O AT T, 2O L) IcFHF L L Z p(r), q(z) DIFRE
T, TN HEZZGE KA TE, ZoMoZ L 2RES EPNE T, KA
MTIEZDp(z) £ qla) EDLDFEBT 2005, BICOVTELRI LB Z2bITTT,
ZIHIH EZAIERBEE TR, EEIDLLNGWITE, Z2H90H LI ADHIS TEMR
DEBMLTOTHRPTOI LD ET, DoR) LAFED &AL LTI F
ZIWZS VAT E, ANBTHREEMRNIZZR S EZDANDOWIEHEN-DT2DERLT
T, RENZHARD L) DIFEIFFTARPLT VI IR ->TW3, 21T, FFREDE
(TR Z LR AT E SV E T,

Fuchs 1 &2 9 DX, FrEEDPHEERRETH % LI i i<, ZoMEeki®n
DEDLYDTEARIEPRET VLD E I DITOWTIE 19 D RICBEERDSEK L <
b ) SERITTI o TVET,

ZNT, FFREP O DL, ZNFNOEL TRBORTVBar50ne,
NRREE LM, 2F 0 H2RENOEL THRBD -7 L E, T2 ORI
fEMTHEEGE L C, ZOEL TEALRRICZ ST WA, L) 2L 2T 2D %2 KIRMHT
EEVET, ZORELAOBOEFRE TN KRN, Z1ux 7, M2 Fuchs
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WM TR DGETH L TH I IRPNUI T L E VI ERIFEARTE TR LT, Ll
Z DN LR > TR LbITTT,

TIAS, Gauss DRI HFEND X 9 7 Fuchs By o2k z s L, Zo
HIZ rigid EMFEN D IEEICREN 2 7 7 A3H - T, T I/ T M Iz > w T,
A= é:ﬁ“(eb D5, HELOWEVLOLNERIE@ITDTEELEVW) 2 LIZR>T0E
T, TN D, rigid TIERWHIERATO Rl 2B EDLH > TR k70390 %
TTERAPBIENICH 2DITTTIFE, §ITL 057 7 AEIFLEAEMEBNITTNG X
W7 FREWVHIIT, oB D ETIPNTREEV)DLIES CHTE TORITL 72,

ZDrigid VI D, HDFVHZTIZET 7YY — - RTIRX—F—%Ffl iy
SHBALEMIEN S DT, RARGMEReE (BRI S5FEDOTHIZES konZ
L72) 23, 1970 RS WIZ 2 ) » ) RS HEAZ K2 D03KRF L) T LIZEDIWT,
HRBIODL T A T4 72 HEN, FEIENNEZ LzPonE Lz, T
6 FIEIRIREEDESNIGETRAITEL LWV 2 DS TREA» DT, &

W2 RARGEDEEZH > 717 E, BRI Z ) W IHIRUTL 2R o7biF T,

& 2 AN, 1996 4E1T Nicholas Katz & 5 9 A2' “Rigid local systems” & \»9) A% L
T [6], Fuchs AGRANCOOTOMEwEZED £ L7, ZORE, Katz DI Cme—
Boevey|[1] ¥ KE564E [7] 34 fhFH 2 Katz DEFITHE D W TINT, rigid L) 5]
LA DANT 2T 6 I R o7 b DITKHEE LSES A D, SRDFEREEIC
BOTWTZEDOHD—HFEDLD S DD rigid T, TPORIVEALALE EDB>THL LW
IWIEIC > TWVWBE E ) X)) £ L7z, Katzlx, X512 middle convolution & \»
IEAEZE AL T, FWUREEO GRS middle convolution T D &9 E\vw) T L% K
DL F LD, 20z ch daEictEs as g, 5% ) RN ZgE,
K, ORI LT BYIE) LB >TEE LKL, 29T 5L, Fuchs
R R Z TR 72 ®121E Z D middle convolution T D &9 L 9 ICEEHIL T, &
FHONEITRIT D W TR IFIHRIUE, Fuchs AGBRAEITOWTHN%, v X)Lk
WICHELRMGERH L 2 EB T2 £ L7,

FosdaE A BEHEDMEH LT, transitive ICEH L T3 &) K9 R
2% 5TV EDTET D 2GR iUT a5, FFE2ERM AT \WIZ,

ZARELTY, ZHUFS, rigidity LW HDTZ 7 AT L T30 IFNE, rigid
%7 7 23 Z QFITHBINIMEN T2 2 LIk >TWwT, 29 TRVLPDIFART b
Bz K> THEHIT»NT, ZOEDOBTIEEDA) LV IFEICK>TVWET,

FEEE A Ued, ZDrigid £\ & 2 A IZMEEEDS 1{#E?

1<,

7206, MEFVWHTTTTEIEGRAZGERZH->T, ZVOL52THTr>TL
F9, MTHTBEvo7InE, 200N FHIEFICE-oSHEBING kI I
Lolbl}ITT,

ZZ6id0gE% X H % &, middle convolution £ &9 DIF, BELENRSHAISNT
\» % Riemann-Liouville #457, #HEHRIMT £ W IPOVBHLATTITE, ZDiERAT
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Fuchsian ODE Fuchsian ODE

rigid rigid

Before Katz After Katz & Oshima

1: Fuchs B85 7 ek

T, o6, THIVHEIHEETITTEELIDIX, 77— 37 2= —Dffl#
THFRIVEVL) RAREEDFEAR DT, ZZITHTY3 L) BB AMIZ, E
FHEADBEDPSH S TVAEHDIEonDE o, 06, Katg Db ko &7 A T4 T %
HMLTIILAEALLEVL)SDTIERL, 0% DARI ) I EMZH>T0A
FUNnE, 2HOVIEEFTHARTAZ L3R TERIol, N, Fan
HoTwrEMZ EFSHAGOE TRELZERZZED LT, Ew) s, foKE
BHEETTIITWE AL ERWET,

iU, WMo HEROFETTIINE, HU &) ICRBDHERRT, HZT5 2L
TRRZZRIDORITPERICZ S X ) b D% 5B H8% & 2> holonomic & & D E > F
T, ZRUTOVTHrigid D2 EI R E VI RTTTH T, §ENTELDTIE RV, &
W) ZEDIBZDEEZHHS>TT CICEHOBDOWAEZ ETT, 20T, EZ T L, 4%
BOSERF T EERDWIRIC D Z D rigidity DEZHVBENTH 5 Z L33 o DT,
S HIZZ 0EBy ROV T D rigid, Katz HimDONAZ > EFHL T, EFLCw
FIESHPICZDEDKD Y, FHIZZNICESWTEERTE I TR I vt v
Hr L EEuET,
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2 FuchsBEWDAER
2.1 1F# Fuchs B2 AR
FADEETIZIZ D X ) BIZBo i 2EZ £,

p
%:;ﬁﬂ%x ai,...,a, €C, Ay,...,A, € M(n;C) (1)

ZD &) IO itz IEHL Fuchs B, SCHRIC X - Tl Schlesinger £24#E% % Fuchsian
system EWVIANDVET, COHBRZHL LD ETH, r=q; IZ%5 L) DIE
ZORBDIRIZ R > TR O RRAICHZS>TOET, 55 ay,..., a0, T DHERD
KPR T, S61Ca) =00 DREMELRD T, FFRNOERZIEZDIITEL LS -
T, =7 VEADABEDEPRKFLL D £, a; ITOWTIE 1O O THEITS
Ay BMEEFHZPEL T F 9, MILEMICE L Tidt=1 L LTz HEMmA5
E, t=0 DMEREICHYM L 9005, tICBT 2 R T E T2 DR RMED DD
DET, ZORD A ITHYT ZEEATIHN Ag 13 Ag= -3 A; &7 D £,

20T, TNEADLSDRETTIFEZ ) 0 ) HEREZEZ 5 L &, L7175 Jordan
BEHERICE T EEAMABHTEE T, ZOEEMHEOTFTHLE LDIEH>TH LA
JE, )LDV H-7 L ZITEZDE) D DRATLOMENICIFERAEDN RV, L v ) RN
23, 2OV EEZ ARHIIFIFFICE S TTETRELDTTD, 2909
TEEBRRBEENRL VAL 2RV EERIDT, LHizo07wESE I RETT,
EIWVIHRUCDIT 720 E ) DICIFFFICEOWERIZZ VWO TT D, S I3 E v
Bzl ERWET, JELRNEVIBFVTLH L2 LB E, HBTIE R
W EWI) BEETHRD DDIZS72DT, HBEW T Vv IV EF 0B Ewh T
EDHATHENEERZ LIS LET, T51, Ay Ay, AN L E, (1) %
SRR EMER Z LI L ET,

IF, 2hZ2RELET, 29 T3 EIEMICELAELLI EMRIN £, REELL
DLV DIFFEHZ B0 ERDP 50D TL AL, FEM a; DI TROKT
ZIRD DD 272D TN E, THIHREZRZ LT3 &, JRFT#ED

Yi(w) = F(z)(z — a;)™

DEIIHERTE 5, F(z) 30D 2 = a; ICET 574 7 — BB TYIED F(a;) = I,
TY, BDIDFoTEL L (v —a))V = etilosle=a) TITFIDOIEEIEL, L bH <, Zifi
M2FO X ) BHEONK T 2 H B E I THR2ES Z &R TE X,

CDZEILEST, a; DEfFICKH v 2 &5 E, TOHELTIDOREIXIERNCZ D £,
COIEHIBIE % o; DAY 2 179 5 X 9 ISl y T, hzq EFHCLE, FI
ZDEE, (x—a)V BIDBEML T2 BRSNS EVIFIREELET, &
I ET, INTREHRDIEL DRDOEREZ D2 RREDEL TRILZ6 &9 21k
TopEw) ZEEGRL DI TT,

7.Yj(x) = Yj()er™ .
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JRPFTRRATIZ O W T 2L TERK D,

4, Riemann BKP' 28> TZ Tl ag,...,q, EVIRREBH > T, ZNZNDIL
TRZED, ZNEFNDRDEL Tag IHLT 2 K20, b2 M3k % 0203530
LEEIMELELAD, TR ZNZFNOERITEDFETLE, 20T, MTH W
ECHIPIZIER O Z E ST D L, ZOEGETRBEIMENLDITFTTIFED, TDRD
BT BBBEALGLMMEZE STV ERE VI I LEZHRREY LB, EEHD
th 2 TJRE 7 IR ) RMTEERE L 7 & SIS R EALEEZZ T 5D, L) EE2EWMEZ
X Z DIRDOLAGEIE E L COWEIZZERIIREFZA LI IR D FT,

ZH9nIHZLtELALIEEILE, X =PN\{a,...,a,} LT, be X ZM>TETZ
NOEARRE T (X,0) EV)DEEZTRSH, ZNT, TOm(X,0) 6By ZW->TE
TRNET, V() LwIDZ = bDEHICB T 2EERMBTINELET, 29T 5L,
V(x) % v 1> TRRITEERE L 7265 IE F 220 OEFICB U 2R L 2 ) £328, 24U
HEARMBZDOMAGESGTRIND LR DIDT, HHTHMDBH>TY(@)M L9k
Rk ET, 220, #IOTHLSAKIZMDOZ Ea0 6% 0hb L
FHADKELTHOTHS)ZLICILT, IoRWnEZIIBRT7Y =51 LDRH
WTL7ZE 0,

FEeEE A HARMRITH O FARBRIZMEI R T B DREISER TV B D,
() 13FNR7 Pz KA E L TATVWET,
FEEEE A IR 7 b L& R,

v, 6 Y =4Y,....Y,) ELTwET, 20T, nlEDHERLD T n fHORE
L B3 o C, ZNERARD Enx n DIFFINTE, ZNE2IERFITINES > T
£9,

alF: TAFEFHA, £9) LTERRKDP VY IZHRSTDTT D,

K[ODRETL DS, Y270, ¥V EFENWSHXRX7 PLELEL X9,
2935 LTER
p:m(X,b) — GL(n,C)
ot — M,

MTEET, EDBITH > TRENTER T 202IBET % L Z DO E DT 3 5
BRESL, ZOMNGHOZEZE/ FRI—EthE/ FrI-—ELHLESVET, T, TN
FT E DRETHDOMDOIERBIC 22 2R ET, 20T, COM, L) D%
ETHDIT 22 ENTENL, D p DTEEITD»IUL, BOLAMBIEE L TEARD
DPMWFTERIZTN D, L) T, TN REEITO—2DHEIZRD £,

BEEE C: IKFRBUC % 5 L v ) DIZEARREOE DA E 137

HARBEORIILED S FA T 1yp & LTSy 2 TR5 5 25, %47, F&D
P—TRILOPAZ VY —FUlehudtEIDT,
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BHEEC: 290w ) L&, 2O EBICK 5,

ZH9TT, 29 TBHE MM, L) RIIETLI EICHED ET,

EWV) T ET, TNERDLAMMEZ T RIEMIT CIEFICHEELZET, Inzdik
AERIE, FTIHTHIEABIIOWTODR TS LD LT 5 D & THA
ORI EEZFETH,

7T1(X7b) = <707’717"'77p | ’7071”'717: 1)

EVI)RRZRGET, b2ERLE L TRMICq ZRl>TINZ v, ay,...,a, ZAI5D

A,y ELET, LEZTE TERIS 2wn it vw)iEz EFCEIITS E, 20
SOMMERAERL, p+ 1 HDICDMITIE yoy1y2 -+ 7 = LK D SZDHIFTT,
ZHOVIRTDH D ETDT, p(yy)=M; £T2L, KEBLZDOT

M, -+ My M = I, (2)

2729 p + VIEOITIIDOM (Mo, My, ..., M) BRI p ZIREL T BT EIXH D £7,
ERITTDOITERI 2RO NT L\, 2 L TZDOITEBIZABINICZ OFRRIC X - TR
X (2) 27T EICH>TWDE, MUT, ptE-okoilifHp+ 1 HOfTFIOMERH 2
EICLET, XoadElx, HHO7zDIlZh B 72D £,

M 1. 7,7 €em(X,0) 2 LbIla; DAZIEDAZIZTIEL, D ap EFISHRVWHDE
95 = v~7 inm(X,b).

g, pEXROK (K2) D&% a2 1HATE2LIBBEETEE, y=pypt &
BLTEDPOIDDET, 5, v % p TRED LTI M, H3TE LT, [M,;] THEIZH
ICX 2B E KT &, TR o k> TRED T, hD A/ 2B ->TH T
(X, b) Try EET, ZDITENRT GL(n,C) T, HEHII BT 20T [M;)]1E
RN a; Kk > TOARRFEZFAEEE 220 TT, TNz, FE/ Fri—Lt3w»
7,

2.2 rigidity

E o EEMAMICE O JIITRE BT L 2 b D ERRTE/ Fri—LtbSwE T
E, REDBETE) Ly 0B M; ORBEHOZ L 2fmiE/ Fri—LtEwEd, 8
Wiehrol T e, BEEHER-> TOE 06 Y, 2L THTL % 24, Y&
T/ FRI—2RETI2DUTT, 25, BT/ P —B3MoAiEXz 127200
THETEZ2 LI oTRET, DF D M; ~ ™4 T, M; 725 ITIZBIRA (2) 23K
M5, ZOp+ HEDTIDMAZ RO T L E 2B L 2bIFTT, Z2LT, IRELLDS
ZIUIE/ Fu S —REDREI N2 LICH>T, RIEZEIHNG»--Z LIk 5D
T,

ZLC, RAFE/ Fr3—EBRRA(2) L wIFELZTS (M, My, ..., M,)) H5E4
WKIRELTLE IR ARG AERH->T, Z2HI0IBEDI Lxrigid EEVWET, 208

38



X 2: y~o
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HX, BTN T =3 72006 KIBWR 7T =7 3k F > T L o TRIBFENT 23088 12 22
DEJ, T, RDOXIBERTEINET,

EE 2. p= (Mo, My,...,M,) D rigid £\>9) DI [p] BRATE / F 1 S —56—FIIR
F22LE2FI, TITTpEp = (No,Niy... ,Ny) &L, pl o BEIEE VI DZE jIT
OB DWH>T M, =DN;DF LEDI L ZDOFRMERED Z &2 KT,

ZDrigid EWVWIDEBOZFTETSWIRZ 2L, p& pf DFFRHE/, Fu =1L
V) DEM; = D;N;D;' E L7 EE, rigid b)) ZEEZEIRSE RO I -0
D—EWIZRFEFS>TVI2DbIEDLS, £ D; ELTHIMKSKRWD VW) HDOHPENT
Mo, ..., M, & No,...,N, DB>=FICHBUC 2, TH0)XH)HT LIk ET, T,
BCHEMEDND 206 F 22 LB 2 ERVET,

FIx, pdirigid £\ DIFFEHHRICHIE TS 2 e TEE T, ZOHELEEZE5Z5DN
rigidity 58 & VW) b DT, EEIZFZI H T,

EE 3. X% rigidity fiEE 9,

P
1= (1—p)n®+ ZdimZ(Mj).
j=1
7L ZT
Z(M) = {B € GL(n,C)|BM = MB}

TH 5,

Z(M) 3RAE/ Far I —6iETE2REDT, JUdTEA2 6 FHE T4 &
22D E9, ZNTAmZ(A) IFADART FARIE L) bDPoRED T, AXT L
WVILE, A @ Jordan BHEIEZD S EGEIMATH 20250 T, EBoBEFIGEHL
LDTT, 20T, azZ ADHAMEE L, Z2UIKHL Tej(A: a) Z AD Jordan FE¥HE
IZEND a® Jordan MDD 9 B, A XU EOb DD EL T, ZnzffioT
AR PNVEIAEZET, FA XD OBDELTTHRVAZITNED, M EObD
ET2DPECRH ST,

5l 4.

B 1

g
ETbte(A:a)=2,e(A:a)=1,e3(A:a)=1T4UEDHDIFR VDT I TIk
BT (211) Ta D JordanMifd% T, Ko TADARY M HIZ AL T2 L, BIKBET
%7 —=81% (11) DT A" = ((211),(11)) £ & %,
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COPID L), ADKEGAMHED e; ZHED TR DZ ADARY FARLEF X
¥, ZDLE,

dimZ(A) = Z Z ej(A:a)?
a j=1
ERBIEFDDET, TNOCOLTVHENLZ LRI T E, HLIRZWTTHNH
HREIZRL 7,
2% D, Jordan BEHEIZ O F 20D T & rigidity feE D 44T 2% 515
TEE9, 2L T, rigidity HEEICBI L TERD Katz I & 2 @B L £ 7,

EIE 5. (Katz) p 03B 6 rigidity 18BUE 2 AT, S 518 pBBEID & &, rigid TH 5
& & rigidity B2 TH B T LFAME, (2 2Tp = (Mo, M,..., M,) 23BE & 13,
% M; O TIHEDO AL EMBHHLR DO LB I L2 F9,)

o, ptnt AR PAVHZEZ UL RED, B L ) E2IXn3 k)%
bDO%EEZ 25 ZERTENULigid AR VRIS TET, ZH\0) ARY FLEIZHY
BATINC R D & 9 2 IEH Fuchs BRI OWTIE, BT/ Fu =256 KiEi e
J P =5 TE2bIITT,

EIE: —TFEICRED LI DEFETES LI DIRE ko & X vy 7035
ZEMLETIE

Xyy 7EH0ET, ~BWICHREZ &0 DIFERED S TIT U EHEEE, FHHEE L TFAE
RIICEIT 2 L) EZETERADDT, KEWNA M; 2b0—FHMEHE V) DIE, B
WICHEET I ENTEET,

M, 252 P5ET 5 LI DIE, My ~ 24 LRGN (2) 2 271510z R0
BIVEWVIMETT26, M; DR Z KRB E T 2HLOREGTERNCL>T, 2D
RFE DML & HRERDMEED BT UL 5 LW H KU T, RAEDOMEE L K
DIEBS T 2D =2 L WIS R>TWE, 6, $Bi1F, Z2oREB0A%
FRFIZER T, ZOMRBABRRBMBI 20 )L 0) DRIIES T E, Z20Udb
NEFRITD EW) ZEWRINEZDTE/ PRI —FHRED FT,

Sl pBERIZZ E 2D E W) ODVEBIC DL 5RO TTITE, ARY
FARI RS THELENTIRA—IBHDET L, 22 TOEY->TE )
DIFEHI I,

Bz, M ~al, @B, £35%&dmZ(M)=n?+n} LfEMRKEL 22D TT, [
AEPETE) 95 & dimZ(M) =n &5 T, WIEDHBEEINICKEL D 0ITT
T, DT, FUMBAMEDZL SALATYS E VIR H 3 &P EEEORIGIZK
D FT, RES DL, 1 bRESLRS, ZNT1DBHAEHIRELS KRS, DFD
F CBEEEZ 72 S AR S K b2 L, HWHOAEHDEMBH YT kDL
VW) K )BRIECTY, KIS, BEAA T —ITHIE T B ERRTLIE n? EIEFITREL, L
HWOAEE M 2 72 SAF>T0S, Z2H)0IDITEDIK &) T & Trigidity Fi2
DREVEV) T EFAHFNSE I VT WS & W) BIHSDH 5,
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FEEE A DDLAA, 1IFAICRAZELHHATT X,

Z9TY, 2561250 bDDMEBDIT 7 ¥ ) — R X =5 DB D £7,
2—2'(3(573’Lir1g1d'€ KISEEE DT 506, 290 HEAZ2E2HIV A N7y 7
LI EEIYDIFEETTD, THUdp tn EART PABITROZLZEDHRDT, %
IV DERIRDEIIEBOLVET, brotPoTAHAET,

Bl 6. (1) n=20LE

IR T 5 A7 FVRLIE (11), ((11)), (2) D 3FEH, DI L (2) LV I DIFAN T —17
FITOELRVDTHIZ, BRI EICLET, 29T5LLELLTHHIMEROX
TLlF 12412 =2 %> T, Jordan M2 % 2275 2B & FHMERED RITANEHE
T&2, COXIREIAT, ¢ LWIHIRLFIIERTT, 25 F2L, H£LXORRA
DAXRT SNV SR E MU OIILZ 2; EEHC L

P
—p) X 2+ZZJ
=0
EROTWT, ZWOPR2ILB>TIRLVDIITTITE, G2, =27%DT
1=6—2p

ED, p=2, o Tn=20,ZWEp=2DLERID rigid TZDEEDARY LA
1 ((11), (11), (11))s (11) 1 ((11)) 22d LrmwiF &, FHRIZBIRL 2o T (11) EFHw
o ELoNERLTWS LML T3V, H2WIEHE < TR Jordan 25 2
TR R GARE Lo THATO L > THOHWEYA,
ZNTELRLEIITn=32FE2%7,
(2) n=3DLE
A[REZR A7 FOVILZ (111) & (21) THUOMEREORICIZ3 £ 5 &4 %, 1=(1—p) x 9+
02 BT, rigid 27 dDEMIE Y2 =9p T,
p=2D,E s+ 2+ 2 =11 XD AT FUVELE ((211), (111), (111)) £ & %,
p=3DEE g+ 21+ 20+ 23 =20HDTARY FVENZ ((21), (21), (21), (21))s
p>4DEZIFHELR,
(3) n=40 L&
AfAE 2 A X7 B OLARLZ (31), (22), (211), (1111) &7 D),
p=20DLE
rigid 78 A7 FOVIELE ((31), (1111), (1111)), ((22), (211), (1111)), ((211),(211), (211))
p=3DLE
((31), (31), (31), (1111)), ((31),(31),(22), (211)), ((31), (22),(22), (22)).
p=4DLE
((31), (31), (31), (31))
ZDXHICLT, 2OFXr—bB3EAZETLITTIFE, F3((31),(31),(31),(1111))
2RO L) BRTIID AT P VRIOMITFAEL T A,
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o, HIC:=210%5 %) R AXY VIO Z HOFTL 2723 TIEF 2T, fi
SDHEDED->TVET, Thid, KEREDLP SN THSITE Crawley- Boevey &
W) ADS, BRIFARTZ PABILIZZE 5TV ARWITE, 290w) kI ARARY FLEIZE R
DEDODRHEAMNITE I DELTOT, 2Nz BEE EEHRTER, 2 VELET
BZX)BARY PAVRBERDFZT7LIYALERIDRH N T, JIUIHHHENL
FTH, ZOTNTY RLIIDT S EZERONT, 1 =2RFEFELRLI D
TN ET,

B ZOHELEVE VI DU, ZORRY BV E RO BRIRBID
TENENWH) T LE?

BRI L 2% (T, IIfTFIofHE LTHIEL kW Ewv ) T L,
ElE: b Il LT,

SO ZLFE T ELEVRBUTHADMM 2R b vy itk s,
BB T, oL TOBICRDZLIEH D,

Ffo7c L LTHAICZ>TL £ 9,
alF: »dH, "z ->TLE I,

AN > TLE 9 2 EBHERNITIEH 2T ETNLTY XLIThT B EE A EBEZ
REDH DI T b7y P ELTHTL %5,

g2l Z2o7L 3 XL E W) DIFHITIIOMTZ DREGRERX %2 AT
HD,

T 72 b D23,
Bl O E VISR AT VD v EIKT,
B2 b D03 2 X ) ICEAEZ 1D &) BRIRD AT P ABRIZERHICHEIT 5290 5TT,

2.3 middle convolution

middle convolution & \»9 D% Introduction TH L £ L 727238, ##iZ Fuchs B GEA %
D Fuchs AR T X ) B LB 2B TET, ZHUCHNBELTE KR
= DR EDBORTEDP VI DEBES T DIFTT, 25, ZOBIE)
HOOHFTHFEHELDDIZOVT, OFRRTHE/ FuI—THRDTPELE, 2
NTHEDEI LI BABERNTOLTIEETFT2>TLEI LI DBDICER>T0ET, Z
IR 5% LR 2 DT, SHIZEALZTZEEZ2) EWwET, brxot A buaT
bEITE

() = ﬁ / i) — 0t
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ELTaeC, fIFL»ERELEIATIEAZEKT, XeC, ZD fIZHLTIH W
I AU L TR RBARZED E WO BIEDH D £9, 2 9 9 D% Riemann-Liouville
BaEwvwnEd, i, E2o5H6 N TWTHREAEIEDPN TS “From Gauss to
Painlevé” ZFA TV ERAAH 2 EROETH, BEBIMT T2 L w9 DI
WLTWT, TDA=—ntW0)ADEEOMICIE f 2 BT 22 L ERIUMEREZ
AT kI RN GRERRICE>TwET, £/,

LIy =1t
D &) HIMERE R > T L X,

Bl —nicksE, -L.oT0IZhD EFT Xk,

A CY

ZI9TY, —nllkdE (z—t) " B2 FFOD TR o TOBETIIFHMT 2DT, 22
BETOIEAMEE W) TE2 LT, 75 L IRANET 2R B FHBT 2 DTZDFHKT %
WEZD TBEABDMTEH L H>TE k) EMITOEDIES L) BICTEET,

FEEEC. 200 VI DA ATT T

4> TV I DU, Hk D 2B T, ZOFRD OMTHLHTLRLT, a ZIEHTHY
Te LI BABOERBDITT, ZNTab b s FTEHLAGEE EHEV) HO
<7,

F5E8E C: 2 D n M &) D DRI,

ZDalFBARRL D 9, SoEmLEZEMZLIDP LERALEI L, a b %
TOEBEZ aDbHxDES ETOBEE x DAY ZREZED 2212731 £ 7T, 2Tt
LERAD, BEOOIEAbE W IDZ L ET (K3), ZDLE, IT'OHIE il
W22 206 ZDWENZ0ICHRZDT, ad b v DL ETOHEICIE0HD»> TR 5
SHATCLEST, 2DAYVOMEDL IR ET, 29T %L, a—v—DMTERT
nPEMTICEAE VI DT TalZBIRL % %5,

20T, ()D& RHIAEREZELTOEDLITTITE, ZhicxL

Z(z) = )Y ()

EVIDEEZTAET, 29T5¢, FEEZLALERMUL TR WHELRF WG TTIT
E, Z(x) FE M aa iz mi LET, 2 LT, Lz L2206 Z(v)
Dl T TBEAZEFEZ I TIENTEET, 29 0 HTEAE RIS 50
bl s, ZOMNHTZIOEL £7, AR EBO AR E V) DI, XD
BONI O TTRA 2T TR 2L TR 2 L9 2Rk T, 22Tl 3,
FOBEEINS T, ZUHHBEZNU LB TE 2w X9 2B 220 9, 2
DEERIE 7 % B ) 97 #:0E % middle convolution & & 9 HIF T,

FERCEAL T 2BRIC1E, CoBp 2RI S TICHRICZ DI A IS LTE ) §
TUTR O EVIHEIICE) ZEMNTETC, ZOFHREICLST, LOHBERX SR
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3: Riemann-Liouville f&43 @ 1EHI{L,

A2 RBINHER T2 EBTEET, 206, FEMIZIE Riemann-Liouville 2% L
TV ZITTTTE, Z2hzaiBtAofffi Lceadbdaslentexd, 22
T2 T35 X9 IC Riemann-Liouville B3 Tl T3 L2 7 X =5 T2 K9
B3 DEHUITE 2DIF T E, middle convolution THFEIL X HIZ N & p BT 3
middle convolution Z#il}TIT9 & A+ p IZBI9 % 1 [ middle convolution 127> 7 D,
A =0DE ZDmiddle convolution (Zfifd LW & LHUICRE EWH)MWERH D X
T, HHWVIE, BRI SEIO BT E W) 2 ES M DHILS Lk ni) EFEZ R
2% middle convolution L TH I AKX FICA S, Z0H 5, middle convolution
2 & o Trigidity FEBIFZEML L v, LWwI KR ebrh £7,

A D Introduction 122 7 4L, rigid & R & v 9 D id middle convolution, 1t
IZ addition &\ DL FNE, 5P 5 LERD 1 OHGRAETHRLET I LT
&%, A1 OHBERE V) DIERETETLE )25, RETE S HEKA L middle
convolution T &3> T 5D W3 rigid BTN E W) T LIk > T, D1 ot
DIRE) DIF (z — ;) DEED S, Z0% )W) MEFEHZ L T L rigid 577
BROMBOR D FTRBFICAD £T, 7255, rigid & & ZIZ1d middle convolution % f# >
THOBEIT TR ZRKT 5 2 & TEET, BAERNZ A; 225 middle convolution DFREL
ZEL7av A%, WHEHEELLET,

Z @ middle convolution D# 271, MHT 2 ELEHDLEICHERT S I LT
ETC, 299 %L, Appell OMBMBIE AT\ I RV & o tak BB D e E T A BE
R EEONT LD TR D rigid R HWD TR0 6 BARWICES L v F
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%5 27-0335Z BTSN LET,
Hbh T, M2EMIXHD T2,

=l B 2 & 220 TR EERTEIE 2T 5 ATL & 9

1 HBIEE VA E TR EVITINERIT 2 EBVET,
QEDEBPIFVCH LD OHHES LMBT 20 LNEREA,

3TEIIHTL 2LFIFHEETES 2 DT 20 ) 3D AT EME2 TIULR
WIS ERWET,

4 %X, rigid LW DIFRTE FuI—262EBREL EVH) 2 ERTINE, 21
ZEARNICFEZEL L CIREZDEIDEVIDERLZDT, ZHUILEBE N E
T, o TH6 ) ERRTT05 EHVET,

4 FTIFEMAMIZIND rigid TH B EVWIDZHFEZTLFE L7235 HTIRIMDOEHAI,
HETTILZHAT TP TATCL2brigid THB I EZRLTLEI0E VI RET,
INHLEMEOREKRIZIEO S LBV ET,
6FIEZITPoMn=4FTOEAEZn=5DEHICLPoTAHAZLEELPED S L
HBoTHLEZBETY, 7272, ZO7)LITY ALICOWTIESHEZ LS -DT, #*
DHTHEEATELZVPLOLZDORELLVAI Ty 7INTLEIDLDHANTIEADS,
ZWEIHH 7L IY) XL Z2H > 72 CHIl % & IEfBlcze ) £3,

7 7% 1% Riemann-Liouville 2O MMERZ R L X W EWIHRET, v F OB DIEF
L5 E EFLRELTEICRD ET,

EE ERE

1 1B Fuchs B850 /5 R
Y [&4
E = (;.ﬂ?—&j) Y Aj GM(TL,C)

Zt=L1TRBEL, A= -Y" A0t =0cB T 2RBITIIE 5D 2 L2 DD
o

2 Ae M(n,C) £ 3%, ZDOLEZ 2Bt L, RO 2 IKEHHI DI 1ML T
1o F TR TL ZHIER 4 120 LT y2? = 2424 ZIR¥E,

A 3
dimZ(A) = Z Z e;(4; a)

a j>1

2N,
94 A2 FOURL((11), (11), (1)) Airigid TH B 2 & 2R, Thbb, ar, a9, by, by, e, €
(C*, aq 7£ a9, b1 7é bg,Cl 7& 02,a1a2b1620102 =1 k L,

a2 by Co
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£9%, {THIOM (A, B,C) 3N ETE, CDEE[(ABO))IZ—BHNTHLZLER
¥, HL,

(A, B,C) ~ (A, B',C") &3P € GL(2,C), A' = P'AP,B' = P"'BP,C' = P"'CP

LEDDEE, ~IckBFAMEE (A B,C) ERT,

M5 (1) A7 FUARL((21), (111), (111)) A3rigid TH % Z L2 nE, W) %, Rl
D kT X,

(2) (1) cEXLL 72 b D Z R,

16 n=>5Drigid s A7 bVIRIZ G2 X,

7

(I f) () = / F()(x — tYdt
0
LEDDEE, oIl =1 RRE, (v M RESOIEFEH)

2HH

MEH, @IS EZ@RE o Leds, 5HC T 350056 D) £§OTHRL W
TR L v E w9 T & % haraoka@kumamoto-u.ac.jp £ TiE> TV ZIFIUED £7,
midlle convolution £ Z 26D T L Z TN LRV EREDLE LRV WVWEZELLD
T, ZNz2RlTH5 ) Lah s L VX T [5,

2.4 middle convolution

PEH, middle convolution (¥F2E M2 X Riemann-Liouville 372 £\ 9 Z L2 B0 F
L7223, Z 0%z 1ER Fuchs B 72K (1) ORFER A DALE 25U L e WEABE TSRS
LML LTHNL ET,

ANeCzNRIXA=—F—L L,

o ... O - 0
Gi=A4 - Aj+Xx -+ A, | € M(pn;C)
o ... O - 0

EL, 22TTANREAN=)N, 2L THbDELET, 22T,

V1 p P
IC = e Cr v; € KerAj , L = KerGO = ﬂ KerGj, GO = — ZG]
. j=1 J=1

LEOLT, KORZ PG 2BNF TR &

(] 0
Gil:|=Xv| ek
vy 0
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ERZDTRIZHEWS G ITNT AR EMICZ>THEY, £/, LG b
DAZEHZEMICRD T, 22T, &% 2 OALERr2MCcHl-> 7 f2Ef Crm /K + £
EZDE, IOG BEEMERALTCVw2bIFTT, TTDT, G % C/K+ L~
DIFEL TR DE B; L35, ZHEY A X0 pn — dim(K + £) TRILUZ L > T
nkDRESBBLEEDL, NS KDEES, FLBBLELHDET, ZNT

mey : (Ar,...,Ap) = (B1,..., By)

EFHWT, N % middle convolution EEDF T, HEHL ko EFWVWE LT E, LD
£ % Riemann-Liouville Z#47% 9 % & & 25l iRz w7z $H 1T T, Znid
RIS LD TZ OB 2D M EHBHL £ L7z, 7206, REHIZEH
&, LD ADME % Riemann-Liouville Z#89 % & G, @2 EBATINC T % X 9 %o
HBRXOBIZE>T, 20— O THREZZHD T, Lvw)Dh
DRGZEBIANDOIEH &) 28T, 2995 & B; ZRBATINCT 20 i BTE T,
ZUUIH LGOS ETIIMNAL L W) ZEDHEHTELZ L W) T LICARSTHET,

2.5 middle convolution D &Y= K
Sk L AL L bR ALBRD LI LET. (1) DRY () IS LT

W(z) =

ETBE, ZHUIRETET-TDOTRLTATL EE W,

1 Wik T
Y —(e-1
- — (@ yw )
iz 9, 72721
Al . Ap alfn
G=|: |, T= :
Al c. Ap Clp[n

ThH 3,

(3) D & 9 LM TR E KA E v F§, ZHUIRAREEDS, 7723 —
NWIR=F 2Rl e W TR G E2HTRLDICSLIDbLWIELE A ) LREI T
e, 4, 21X Laplace Z2#1%° Riemann-Liouville 547 72 &Ry 281 & JEH ICHME
DRVITERATYT, 21T

Ulz) = /A W)z — ) dt
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&) JiEEE (3) D Riemann-LiouvilleZ2#1 & LU %97, KARTFEAZ 72 T#41, Riemann-
Liouville £#49 2 L A A7 =7 1F> 7 F T3 L) WHZRO>DT, ik

dU
dx

EWVWIHEETHE W) Z LI T, 2o, BB Fuchs BUICEEET &

p

QQZEZ G

dx T —aj
1

(X -V = (G+ \U

D EFTDT, T TRiemann-Liouville 2% |72 & DM HRERZ FIC AN Z
LIl ET, 2LT, 200G EBBAREDERZREODOT, K+ L=0DKIIINT

BROTTITE, K+ L #0DRICEALIMIZEMZR>T, Z I 6BHT 21D
e

AV <~ B,
%—le‘—(ljv

&9 middle convolution % L 70 AU D B Z Il k>TwET, b TTIS
E, itEZ7an =92 2203 E0 5 L RWET, iUk, HTOEEIC
OO E ) BIREP D FTIFE, XRDOLH)BWEZMZLET,

EE 7. (1) mey=id

(i) mexome, = meayy,

(i) (Ay,..., 4y BB = mey(Ar, ..., Ay) BB
(iv)  mey (& rigidity TEE % PR

Z 3T, middle convolution IZENTHNICHEIITE 2 DT, Wit sr LE&N I D
MR EIN e A A= AL 2B L 72D, COMPZBIT 222 T, EDLkHItE-
T DPEV) TERZEERICR S 2 ENTET, FEFIRISLEET,

1@@@%%Lt@¢fummmmawiw%@wi?ﬁ,:mu%ﬁfﬁﬁﬁﬂmﬂ
LT

(A, A)) = (A 4o, A+ ), (..., a,) € CP

EAN T =7 P ERETEETT, 20U, ROLLTEH L
P
HH.T—CL O‘JY
7j=1

SV HBEEZENT 5 & w ) ZBHIIRT AR D 9, U S D ICBEEZ
otz ), MEEMWDSALL 720, A7 M AVBLIARZEZE D5 rigidity 652> 2 & 3%
»hET,

EW ) 28T, M iR H o 7 6 addition & 2> middle convolution % L THl
DI HBERHE T I ETaL EITERDTEL LI ICEST, £ 600 HRRX1
Do T3 6b ) FHDOABRAITOWTHEALNIC» 5 X )12k s 2 EDBHGEIN
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L0 T9, FriZ, addition d middle convolution » 2 [H[° % & 1 [[>74Z & LHU
2D THIT TP ZMOFLCTIITE, KAHIIR S LiE) DD, DF D 1[HD middle
convolution TIFFHEIHTE L WHT L WREIC R 20604 LB DITTT,

26, HEEEABL TV TRLERSEHIZT S, 25 XCfHAbDICKED
BV o ZNEHFHRNUE, 1% addition & middle convolution 2B L TESHID 72\ g
DIZDWTTDBEVR) T LILBDET, DT, GAonkA 2L 2 _Xfl{iHL LD
FTREIVLYL, EWwH T EILREbIFTT,

iz Fi> TR L) DI 5o E570 ) R AL, WlZ T ERDFEEDYIN S W T5)3
A9 E\9) T LT, AL L) DIFBEEDS addition & middle convolution
2RO TP THFNILCR2bDETHR>TW L LTS, T5&, BldZzNE
FEHFICL TEZNUERWE W) ZLICAEST, 2I90IbDDI %, KREMRED
SV Thasic EMERZ EIZLET,

EIE 8. (Katz) WEKY rigid 72 iR FEB 1 0 T EAICRAE T E 5,

Wi rigid 2 G H - 72 6, FEEDE WD Ltk vt £ additon & middle convo-
lution Z# DB L TW & 1D BN ETE %, Bl Lv) DI

p

dy a
de Z T — ajy
7=1

LI AN T =HEATTD o y=[[_ (v —a;)% LI T, Z#0% Riemann-
Liouvile Z#aL 72 0, & % \» % addition THEEIBZENT 5 L) T & 2RO EZ L
Tl 290 rigid B IERXOBEIBOENET DT, DI LS rigid 2RI
Euler IO AR R EZ RO L0000 £3, JHUd, b€/ Fu I —DEHREDS

BEFTE XY, B, MHI 2 PELR-LKIHZ,

FEEEE A TAIXA, IBObDIES L E, HEXD rank 3704 F
Dol b DBNZINHDIIEDLHS>TWAEDT, ROMEIII->TWw5b XkIHIC
RZFdT L, 20T, EABRZEL7-DICIFEE 2D TNnE D, %
AVIDENEDLT AT LA DL A LD DD,

CDANZALTE) EETOETH%,

BEEEE A Holz b2 A EMNI LR ITREL TSIV EWIGFHIZR LA
TY 4,

v, ¥, BEEpELALVDbITTT, 20T, BIEESOMNE a1,. .., a4, LIESZ
kc:iﬁfp{%gm%o

BEEEE A TN L A LHNITH 20 L DIIRFES N TV 5 DD, /8T A —
ZiE—ikE LT,

S, GEETHICEN AL, HHENTOBARE S EBVET,
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FEEEE B: Z U3 generic 72 & W ) {RE DS,

3V, AR, HEARH20TTH6, ZOHBERIEIBEENE DT, HH0IFak
TR —DRILEDPZHZTOHRLDLL LN WITE, FEUY—DRIGELTENSD
EWVIDIZ, BHLAAVAALRIENRI S LT THEAEEEZ Lo Ethtak t
HTL 2056, BTHIIHIETBZLEV)DIFEREMOBEICTOR Y ViR bIFTT
&,

FEEBE A: 72005, generic &£\ HIRILTIE,

Z U3 Riemann-Liouvile B3 720 SRR A2 UM & T 5 K ) BREITHPEET, a; L)
DIIFICHRETH A LT >T0ENEZ 22N> TL 5,

FEEE A BT b T,
% 5 ‘(\“g—o

BEEA W) &) ODHEADMD L5 I2l) &, 20D rank DEjL
local system ZRDOTVE L) L) 2 ETT LN, 61T, (x—t) D
PO TE T35,

Do, 25 a; LV DOTHIZNFRVWHITTT 4,

2.6 FuchsBARBRXDEE, B
alF: TAETA, 5D Katz DEHDOIAHO T A FT72—STE) &,

middle convolution #§ % &, HUITIIDH S EFo7ARITE, FIFZIDAXRXT LR
DILDITHNID AR PUVBNZ K5 TEYEDL B L) Dt INE T, 2z /T,
middle convolution (Z/37 X —F N IZX>TETIFE, X BEMES S X912
ZiES, HHVIFadditionz T 5, 2FD KL+ LTH>TETIFE, ThidKerd; 2i
Rz D EKerGy 7227DT, THRKRELTEEMBBDI>T NG, o5 A;
EOPTHEEEN—FRZVPO%Z, ZN2zAL5] < addition 2 § 7L Kerd; 13K E <
b, ZIVIHUEEEZLET, TND6 N % KerGy B35 RELS 5L HIcEn
o 2992 BB NMESRD £, ZORICART FARIRLE ) 25T 570
3HDT, ZNL rigidity B2 L VI FEEZHAGDOETHIT S L, 5T LITARY
BB T 3% L ) AFEADBHTET, BB ETH LW IiEHIcZ>TwE T,
ZDEIBIERZINDPEEE) EHRIDTTITLE,

Z0T, rigidity f88x L 5 & rigidity fEEUIBERIZ S 2 AN E0 6 4L EZE Z D
R CTHIE W) 230> T L E )06, TN AR 200w 2 L
WZOWT—2DHEEZE5 2 %7, 55 ->7% X9 IZ middle convolution TH > TAXRZ b
WL L T E W) DEHAGHETEZT, Fuchs AR vwoTwETIFE
EHMED 2 LIFENTARY PABIOGEE & B - T, B AEAICTHRT 2 AR 7 b
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NHIE LTI EALDDBH L0, HD0IE, BFRICARZ MVRIZEZ 7L X1, ]
5P DPRI LW THRADEBATHD AR P VLI > TwR 5089, vy L
BEZIGERWET,

OV IEEE, LA RHEAHEDIAD 2 LI E W) T LT 00, HBITHIDO I
Boxy ba252, DFD (A, A1 A) DAL T EREEBRF DL Y P EIFEL T,
ZOWEL o7 2> TETRLALS O DIRREITIZTTE 2, 2006 23K
W25 X9 TESD, L WIHFHITTET, Kostov &9 ADSZ 1% Deline-Simpson [
BEHDONT, Z2ORMEYFEMEEGZTOET, Kosov ik 2z, EHOEWELAITE
TN DA 2 S ABTRERICEDR H 20 L) L) ELR DT, B1H %0
EIpEwvd TR EREEMICRLIAATIEHT 2 L WILD HTRL TV ET,

—7J7, Craweley-Boevey & \»9 Al quiver DEIZH > T, {7083 H L0 EH) & v
) DIE quiver A7z WD R G2 L BIZZNDORBDVH 209 D& v ) LD T,
quiver DRBDFEEH L VI H ) — ADA v Y (Victor Kac) DFERITIFEIE LT &
THUMEZECTHTWET, 21T, Crawley-Boevey DFEHED AR M L%
BT ARHCESLTVWOT, ZNZ2lbETH6ITLICLET, FHTELEE RS
DTZDRRDAHEABNL ET23, 2, A7 P Blovy P3Gz oNLE, Z
NP EH AR E ) D, DF D ZNZAXRT PUVIIE T2 X9 BT OM TR LT
OT, B bDBH20EID, L) ZEIKETEZT7LVIY ALDI ETT,

BEHEIRATREDHIE 7 )L T X Ln (Crawley-Boevey)

Step 1. 1 <22, 1 =0D & ZIFARY P VEIDIRARAKIE (A7 P AVBLICHITL 54
TOMEDRKAFIE) 131 7

Step 2. (Ag, Ay, ..., A ITHIET 2 ART F AL (O V) M) ZRDXHITED D,

i i1 0,2 i i,k ;
e = () jor, (€8m0, ), =3 e =, (i=0,1,....p)
ko

(€21 13 A; DB BEEEMNIEIT % Jordan 71 v 7 DIEMD &k £ 2 HZE A7 b D,
I, i=1,..., plkoVTOREHEMOBEE ORI Y clRAkDb DIk, T4

bbH

i,k i1
maxegZ ) = egz )
k

£E9 %,
p
d= Zey’l) —(p—1)n
i=0
ZRODB, TDEE

d<0 = WIS
oo - e < d b BB bD0H D = (e W | eP) IFBHIFBIARTHE
e <« d L% HDD\ = Step 3~
Step 3. H LW AT LAY

!

i ,1 2,1 2,1 2,2 2,3
@ = ((e"V —d,efV eV ), ()i, () s, )
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2D, e od =00 L FxZ2OMEEEMAAGERY, COLEN =0 =n—d<n
Wxf LT

n' =17 6 BERYSEE AT BE T rigid

n' > 175 Step 2

CHE L AT Y THBIZn DHEEICTR>TOHEETHS, WOnEKbY, n =15
d<O0TALy 7L7500EEEBgE L 20 9,

ElE: Step2 12\ ATTH?
2120 EFE T,
=I5 11?2

TR ARY MIVEIZES &) ErfElX, addition & middle convolution T 72
WRAATT X, 256013280 Tz,

Gl 29925L, PLIVRALELTIZ D 2UTTHBE LI BART bV
Mz25Z25D0BAY — FHIET, Step2 % Stepl £ ->TdH X,

ZI)TTh, TLVIAYRLDFVEVEHRELEZIDS LT T i, 7272, EBOE
HELTRETAR PARIZIFAEEZ L FITETRB I L3 Stepl £ EB-ST
Stepl ZFH 7z,

S FTLWARY bUVEZES L E D DD, Z 5 ZED middle convolution &
FMCIZER S TR ZZWVWOTTIINE, £9 w9 Eic,

G EH BN Ay, ... Ay B ANTHIZ O BIA- R EWITHI, 725 2 DFEAEEE VD
DIF(j,5) 70y 7D A+ ADEAEE 0 2D TRRS 0 2P LTS, THHG; D
EEMEDOREETT, 21T, B; LWVIDIEZN%EH 2 2EMNICHIRL 72 b DIci 20
5, HAEMHEIZZOHRDLS END»ZEATLSZEICED) T, KIKOGAIZATT S L
7y T EAEDSSNT, 20T DREIE RS > THRIZ Kerd; T ENLITH S D
2> 72 BRI AUXREAAfE & A 2B OXIud a0 D) £ 7,

BIZIE A XN LW EEMEDD S L, (4,7) 70y ZICSHEAHEO 23 TETHS
S X o T 0 @D Jordan MDY 4 X231 ED 2R 5030 > T, ZN%ZiBE )
ZETARY PVHRIDOENEB) ZEBTELDIFTT,

ZNT, 2ITAdERLFVTWEDIE, V =Cricw L B #EHMERT 2 22 % mey (V)
ETBE, NA0RGIEK+LITK E LDENZDT

dimmey(V) = pn—dim(K + L)
= pn —dim/ — dim/L

p
= pn— Z dimKerA; — dimKerG

j=1
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Lz, 22T, M LW OREARMORICE DT, ZNH0 IhDE LIS
FEET 5 &, dimKerd; = eV dimKerGy = "V o TNET, DD, 00D
H2E ORI T 725 X 912 addition THEL T, 2993 &, pliconT
1 dimKerA; = PV Lot 2T Y, D@ 112w TIE middle convolution @3
FA=FANZLEFLEDZET—HBAELT 205 dimKerGy = "V k2, 2L,
middle convolution % § % & 1 fHDEA 2 DRXICDO AVZEALT 5 Z L2350 > T, ZD
ZALDRDE £ ) EdITB>T0ET,

DFED, TOVIEDBEIRSRE BB EIITEATRLIREHZ T T LS £
Z & % middle convolution & addition Z > THIHT 5, ZDOFIEDART VAN Z
2D TT, 20T, NFLART MVEID L ZITIE dDIRETETAHAAEEZIRIL
WZZo>TLEIL, EFQWIFIXdTOO0 %D TETIRICE THhiUL rigid, 5
Wit d <0 &ZaUEZ DI RCHERYSFEELIATEE, Z1dnE D, &) & Crawley-Boevey
D quiver DRBUIFE I 252D TT 7y 7Ry JATTITE,

B2 IFEICHGZOoNTZARYZ FALVBLZOWTZO7 LT ALZEH L, BEEHAHE
M2 e X

HOTHEMS R AT PV Z B 2 TAT, ZNBHERTEL 2L TA S, R
BHRLEMRTTDPBEDLLAVERWETIFE, AELTAS EKTFTD S5 LB VE
T, EVFEWVIDLT FANL RE LT, 23Ut Jordan il H 2854 % — R IcE LT
VLETHNE, SRS LB TR200%TT, 2F 0 Y Lok, j > 2B
LEDiFZmwv, 2H)VHREBTHHEENMOZDL ) FEADT, )W) AT LA
BZHEZTR5L50EZH0ERCET,

S WEHEA SNz rigid 130 =2 £V Katz DEFRH D F§ L, Zh
ELZNUIZDOTNTY R0 %Mo THEHT 2 AT A, 208 IFH 225
T H?

COT7NITY ALZHoTHIAHTE 2 LT T i, TTELRE‘EIIHNYTT
T ED, BENICHNI D E I IR xo E b ) FHA,

Sl HHEERZ D X EHID 1220 72D T,
Ry RISz cdignt,
B HAICEEHTE 37

bbAh, ZOT7NIY ALZMHEOLTICRMITIAEHI N TWLE T, 2, KiThligic
HRITHIUL e =2 Zffio T—FITHBUT 3 k9 RATHNDHFEZ T EWIH) D 5Tk
BHL TWwET,

Sl 72025, Stepl T1=20E)2HETIDITEDLG =21k o7
5% 27T,
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1=27TdH, EHPS72n=4Trigid AR PV EIZYZ P LAEE Ml =212%4 5
FETARRODH D E VoD, 1=27FNEdbt el XD b REL BIBALD
2EVI)DIZHBLETDOTZITRELOLRSESWVITRWVWEW)I T ERHD £,

L5 Katz DEHZHSTZDOT7 LY AL 2L TCEITIEEF 0L 0D
EEEDI1LIC ol 2 AT?

A2l kY REL oicihons, 2 THhVLEZEToEAL—LT,

Bl 2975%¢, d<0&oTLE) EMNEHTEEL) ZLITRD
FT &, 25, rigid THhd< 0B >TZITHRT T 2856BHLAT
EYe

0 LA NIZ 7 5 D469 non-rigid 25EH T, rigid 1272 5Dl d > 0 THEED 1 FTED
5 E W) RO D rigid TT,

3 sERBEDHER

D OIHET I ICBIE T 2582 RER D2 L&) LB wEd, D c Cn
FoJifAT

3

du = Qu, Q= Ag(z)dzy,

k=1

Ln2bD%2EZAET, 22T

w="(u,...,uy), A(®)=(af;())1<ijen

T, ab(x) 1 D EIERITT, Ciudu 2 RREER 2 bV L T 2 oo AT,

X6 LTEIFIE
ou

8azk
HBHWVIEE SITRABIER Y P VO HISEH T I

= Ap(z)u (1 <k <n),

ou; al k .

Oxy, "

j=1

LD ET, )0 A ZBE Plaff R £ E 5T, JHURMOITREART, R
SRR OMRZERE MU I IRIOT AR AN E D EFCEMEINTVRE I Eitk>T
FRZ2HDVEIRRIT, 7% 6RITIE N 1T > T, FERICHEMI IR L rfiic &o
TWEYT, ZNT, LWEIHLE) EIADH-T, ZIDBRREELLH0E/-Y)
TYHE, B0 T T, NPT BT EESTL 3, %@Eb)b%ﬂbﬁgbvﬂ
L,
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COFHEREBTFIC of, 25 A THRBFEL B DT, BBFET 2DDRMELF
IDWHY T, MOSEAOMIZIERPIET C? I > TR 2025 8,050 = 0,00 u
L) EEDBBEICLR D £F, 0%,

%(Aku) = %(Alu) < % + A = %A,i + A Ay
EoThTE Ry, Iz, BEETAREVOET, ZOfTHIBEBDMAZ
DEMZLZ L TORITIUIRIEH D XA, FI02iE L TCOIUTERD 2 L v
AT ERANCEFATEE T, EWVWIH T ET, ZHNEBEREFLET 20 DONE5ME
7hET,

WD AR CIIMRBICF E R 52 TOH@NH D T L, A Pfaff R CIIIF
FICHZ TR REEN % T, THIVIHIEFICHEH L WEZ2 7)) 79 2 A, @z it
WCEZ 7 EZWRTBRD D ENH) 2 IR ET, 2256, TEBEOERIZEWT
i, TBEXZE522L 09 E2A058L0WbITTT,

I, FTRELZEBOTZNMDORERESVE AL T, ®EHo TN 1ZE
BCTIEBEBORERE VI DIEFRTTINE D, 288D Eick) 3056,
HBIEHIREBOFEREASLE ) DDPREREERICLR IV LB 2K > Tw b TT,
DF D afi(x) L) b DODRRGES, MM D> T, ZNARRNENITHR>T
WEEWVWIRMEZZLDT, ZNb 1EHORE DIEFICRKERIENTT,

BHm E VI DX, 1 ODOIFRIBIES0IcR 2 k) hEoELTENEZ S ELET, #
NTE, RS2 TRV ERIKRE L TCP" AR DEEZLTNT, ZIZoHIic
M2 D 2 L) kI BRRWEZEZTHT, S=US; LBRIDRT 5, 2006, %HEKX
DEMEAD S T, ZNEPHIDEL 2RO 2 D DIENLIHADENELN S; L
VL) BRNEEZEZTHSVET,

STy, y € m(CP\S,b) T, £bIS;Z1HL, o S, ZHoARVbDEL ET.
EEVELTHIEBDLEELEST, S L0 DIERTHRIIEDD ZF>TW02DT
M2 EE-oTHEALH D I, 1ZBHOIITHIALIZE I, v~y &) T EDRE
F9, COEIRITE/, FuI—%2ERTELEEIflioblITTIE, ZELETHH
LIz oTwsn7T, £9€/ Fr 3 —F£H

p: i (CP"\S,b) - GL(N,C)

BEZDLIEMNTESL, ZNT, THVIHIE/ FuI—KBBH-7-LE, MTHRL
26 S; 2 1 AT 5y 2FR>TETC, HEH[p(1)] 2FEAD, TN S;DATHRED
F9., INDOILE S ICBIBREITE/ FRI—LP0Ed, 2975L, HMODL
LT EHHL T LU EMAERENTET, REVBH- T, ZHUx L T
B/ FaI—LtwIH)ltBNTELDs, RWTE/ Fus—Z2E L L SREIIT S
By, EWVIHRERZRET S Z ENTE, rigidity ICBIL TRIUHSHA TR T2 2 £ 28T
EFET,

ZNT, FHWETDEEZITIFARY VD SEETE % rigidity 1880 & W I FERICH D
DI OERH ST, 202 THE0E I %2 Rl rigid &) 2 HETE bl T
T, SEBDGERICZDEIRBDVBHINE NI EE2ELFTE, BHODEEITIE
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BEARBDOLRDIEF IS v 7N, p+ LIHDERICY0, 11, -, SR L Ty =1
EVIHBERA LD RwEwIbDES%, DT, HREEZZ DD p+ 1 EDITIID
HoT, ZOHBEIREINTNT, 20562 EEET 72 S5 MATFNIC 2% 20035 5
2y, EWIOREE LTRESIN TV, 2HIV)bIFTTIE, 5 m(CP"\S,b) &
W) DB, SHIADD RT3 2 LI X o TERIENRIBIRDM L BEb o> T E T
5, JHUISHITERESTSHDIITY, 2995%¢, BTOGAICIET 2 L)%
REFTERVODTRES L, ZIVIHEEBH 20 E )M FHATE, EbhL
WM DEEDIIIZIDHETT, LVIDRHFEELEVE-RDLNS, HD0IF—HT,
rigidity (ZHT DR AR T S URICE - C, HEHEMEOFERE E V) Dixd £ D EIR
Dlelpote, TOLATHOEEMHEONKELE NI DIFHFVHERLAZVTTESL LY
IDIFBT LB EZBTY,

BlZ1E, RD X9 7% CP? Lo & XOEN % bR\ 7 24[-1%, Appell ® Fy, Fy, Fy, Fy &
o BB O RO ERIB E R 2PN TWT, HZ 5 LI hrhPER
B FET (XM4),

Il
o
Il
-

4 wy(e —1)(y — 1w —y) =0

2T, FAMIRERED & Z &L DS Gérard-Levelt D X 2 FtA TV 5 D Z [HW T
HATOWETITE, TFRIHFE2E5Z 5 EREATRE, WERHB LB E2Ri-w, %
NTHEREBUNDBERD S 22 KO —F/NI 0P ONINE, Akl tz%sy
FHOTHoLZALRRVD LRI DTTIFE, 2IHWHJEIZ, 2RILKEE, 2ADKLED S
EIARIERIZEHET ST, 290 EZA%RNMB2ODEIE, E-ob%2LICH>THR
WEW IR RS> TVWAEDT, B/ Fu I —FED A>T, Wz iTilz—
B2 TETHRICRSTLE) EWVWIHFETT, 200, BEHRODHLHDEESH
EL7LE I 0H I 3IAD ERD S L) Rz Rf i) ZilELZ K> T2 TEWw
J7ewn, tw) k)i o7 L vwET,

2l $AFHA, SHRTFTIMVOBER> TV X %DEEZTNLEDT
Th,
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FHIZFZEZTVWETITE, BHIZSEm O3z L L) El-oT0wa s, TN6I1EZ9)
<7,

SE TV TTITE, BiFFEH4XuHEBoFToiEz2H T o TH2XueE LT
HFNTVRAENSEL LELRATTIFE, 22TI9H I RFE2ERG M2 OEAED
eSS Lo 5, HBETY-T(X5), THIFFICHA 2L, EHEIHEZ D
5, ZOEIZOBD->THT, WTFEDREBPIKITTOEDIFTYT, 21T, ZOHTZ
NSDORMZFS>TL ZBEEMWSOTETCODLHENE ZADSIEIC v, ..., 75 & T 5, &
NDERTCIZ ST, TDIH) By & 4 DERIFIERILX I > TW B D THHLIZ > T
WERZEWFLDET, BHELU LIy, &y bHHATH S Z 300> T, FnlistE
SARTEDSL L) ICHS>TVREDTIDDILDYA IV y 7 AN TEET, %D,

V17375 = V3V571 = V57173
Y23 Y4 = Y3VaY2 = V427Y3

EWVLIHREIZRD £9, ZOBIRKZRD %7141 Zariski-van Kampen &\ ) EEE23H D
FLT A, REAOBMEVWI DY —XD4EBH B ICE LA LEHEDINTHT, %2
Nzl & L) I RUCERITZ > T, ZiUBIT 2HEABIRADIE ) 5D, L)
ERRODBLILEMVTEET, ZLC, ZN2ETTIUE I DRGEFRRVBFICAD £,

7205, THOVIH)RTFEZRRAICRE O L) M Plaf ROE / Fu I —RBIZ2E 2 X
I ERI L, 4 o TR DT R My EIEE, M, ..., My 2RO IUIRBL
RED LT, HEHDORIZIZZ NS 2 OMEPENITI E W BEIRALZ T -0
Y, SNFHEAROBIRNICHET 2 &2 I 20U TR R £, 2Zh
5, IFWICEENE O B> THERELIZK AR, BET 2 ELoRE DG kB L
WY ZERTPLDFET, DFD, EERTEILSTVEEFILICCWITE, o/t L
5 rigid IZZ D H\vy, £V T ET, Appell D By, By Fy, By Al D% 2D DR
REESRLE, ZNETNART PV ES>T0E2 6, 20z d L) %75l
DHZRDLIWVEVIRDOLI) HFHEZLET L, FZiFrigd Thbr LI k)Rl
DEZAET 4], 22 FREBHEVDOTHLIIEFAEEAD, LM 5 C
I &k o TRESDOBM AN LTGRO ER, H 2 IO LAtk %2 BE L T 2R3
BNT, ZOZEIEoTHBEABHEELICSS RS L, FELALIREDG RS L
W) 2l TWET,

Z1C, HfZIZ middle convolution Z %2 DLAFICHEREL £T, 20U, 15K
BaEALTENE o TAET B E, ZDHMNZEIT % middle convolution 29 % Z &I
%D EY, ZORMEER, EWITOLEDLIIT (A,...,A) 5 (G,...,G,), ZLT
(Bi,...,B,) IZ# 5 &) iz BN BB 27210 Tldke K, TRICH 2MHAR L
YWY EWE LD, w9 T EEREZTILDTBEHE D THER DM % Riemann-Liouville
Z¥az LC, 2D AR o B g 2 ) e, &wvw ) EfEZ Plaff R LT
BERATHIEEZEZDE VI EIIHIICHE-oT0ET, 1HZIHZERY LT, Z2NTHK
HhFET,

WNGW\Sﬁ%=<%V~ﬁ5

Y17Y2 = Y271, V45 = V5774 >

d d(x — d d
V4, demy) A +%ﬁ)m Ai,...,As € M(n,C)
y—1 r—y x—1 Y

d
mz<mﬁ+&
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3:0

x=4

&

LE NS B LU B

5: 1 (CP*\ S, b) DAERIG
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CD &) BNEIZATHITI TR 2 L) 2l Plaff R 2E 2 9, JHUIsEeMonlig L
LTk, #h5, MELT

f3 ZoNADEefr iRt 2EH s T,

ZHZTEBEET, ZNUIEBITHIOMOBERAICE ST, Z2N2FTAHASL LI DIF
JWLEMEICZ 2 EEWE T, 20T, 2 /710 middle convolution & 9 DX, = D
JiREAZ £ > T middle convolution 235 & W) 2 EZFFTLET, DFN A, A3, Ay
IZE W) BFBATINCR L TG, G, Gy 2185, Tbb

A+ A Ay O O O O O O
G1: O O O ,ng A1 A3+/\ A4 ,G4: O O O
O O O O O O A Ay A+ )

TH->T, THUIEBDDESZIIRS70D T, DLy HEIZOWT, Gy & Gy 13
HEHTIE Wi TTH

A2 O O A3 + A5 —Ag O
GQ — O AQ + A4 —A4 5 G5 = —Al Al + A5 O
O —Ag A2 -+ A3 O O AE)

EERINT, (Aq,...,A5) % (Gy,...,Gs) WEESMWZ 1582 RRIELNE T,
s, b ENEEEOUEELE EH L Ve ORI T, ZHUttoTe D
G1,G3, G, BALTK+LDPREST, TDEEG, &G D EFL KL+ LTHENS, OF
DK+ L1F Gy, Gy DAREEENC 2> TS, DL ZERTZIOHLTHITS
& Z 1D middle convoution IZ7& > T Wb E W) Z IR D X7,

HFE\E%%Z GQ,G5 %y%&)%j%l%l‘&b33) DIZL?

TLDOWIT TR DAED Riemann-Liouville 241, DX D (v —¢)* Z28HNI THET T 2 A0
mZERLET, UL, yOABRERDARLTDES, ZOyDARANE I LTI L
W) ZERBEIHT LI ETHONET,

FEEE: Cl3ZobD 2 RnwtE ...

T 67\,

B 218, Appell D Fy, Fy, F3, Fy £\ Dix, A DY A X031 DEEH S addition &
middle convolution Z#g D BRFT Z it koTHEONET, HH0IE, XRDLXIHICH % L
(X6), 4 MEZRELMCR DX ) BEM HBEABHETINE, 209 b2 =0,1,0
ZEELTEL L, 4RHORERIIYVIZGINCX>TEICDIFTT, LrL, TS
HEERVBHIUIINZIE/ Fa I —BkFoTnT, BICRHEGICBERRCREF>Tw
FTDT, ZHEE/ Fu L2552 T3 LRI ENTELIDITTT, 2
0, 2 HADOEBIITVBH > T4 R ERER 2> TwaRHCIE, 4 5 HUEOREA
BT 2R A2 A AR E L CFICAND ZENTELZDRITE, Zo5h
'¥ middle convolution 12 & 2T, ZOERHERNEZEL Z LN TE S, Ay, As L%l

110



X 6:

THBEWARZ A Z rigid B TEAD» L2 2L TEL L) X)) REFEEH T L
HbTEET,

Z0C, HIRDH % 513 2 D middle convolution Z & ) 1EZ 0 & v ) Ghiz FH 725
2] %F>oTEFZLADTE > TCOALZTIUEBE LR LT, Z21d 5, Appell D F, %
CDEHIITm ORBTARY PRI FEFSTHRE LD ER) L rigid 23 &) Z
ERFHOLGXL B BHD FTOTHOLTICINGEL EiFcwEBunEd, DETT,
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