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1 EL®IC

fbZ K5+ v v 7 —2 (Chemical Reaction Network : CRN) DX A F I 7 AQBEE L MEHD —
DX persistence TdhH 5. Z I T, CRN 7 persistent T 5 & 1%, FIHARFLNAAET 2WE LG
DETE EHITHMT D Z &2, FHEOIREZMRELHIT S I L2ERT S, HENITIE, CRN
WIZHAET 5 n FOYE OIRE DRFFFERE % 5Lk 9 % n IouHE 2 A (Ordinary Differential
Equation : ODE) (ZX UT, FHMEATERR R 2 5% 522 TOMIE, ERRRY) OBFIZk
LTEIPWARNWI L, DX, @TOEDPIEHETD 2 HHME x € R ) D w-fHRES w(x) 1,
ERRRL) OB Ll 2 7202 e e RBI NS,

Angeli 5 1%, semi-locking set X° semi-conservative & (X3 5 HERICHD &, CRN 729 persistent
Th 27D+ 7504 BEEM (consistence LIEIXN5.) %25 27 [1][2]. Z DGR, ¥
Mttty b7 —2 M3 (Chemical Reaction Network Theory : CRNT) @ persistence DAFZEIZH W
T, BEARPPOEELFERTH S [3]. CRNT LB} 2 EELHED —DTH 2 Global Attractor
Conjecture (IEQRRAN S E 22 TOMMNIMNEET 23V NT NAREBEEVDFIETLH I L.) &D
BEE M2 5, CRN O persistence (ZB89 2581, BIfEE TIERKIZITDOIT WS [4]-[10].

—7, ZL DIFERISFERDOER I E RHT2LEBRISTHERINTE D, KISYID 53
O BN AE IR I NS ETICREENZMES . DX 0, RISVIFZ r CHEUZ L &, RItY)
WAt THEI N DD, BRI t+ 1 DENZILUTERI NS Z L2 ERLTWS. 2
DG DKL 1 TOYEDOIREDORHIZIE, Rl TOYHEDIREZ T T <, ERYIOERIZE
L9 5% t—t COYMEDREIZL>TRESI NI EFZO6NE. TD LD RFFFIENORIR %2
JEL7ZCRN DX A F I 7 A%k T 28 ET N & LT, BEMS 5 (Functional Differential
Equation : FDE) 7%#E ) CT&H 0, Roussel X Liptdk &2 & - TIREI N7z [11]-[13]. CRNT TL- 2
57z persistence D RIE, CRN DEMZHKREEIZDAMIET 5720, TORMEEZEAD L
72 <, FDENHRIZILEARETH D EEZO5NDD, FEHODMBMY IFLA LT TR,

ARG TlE, Angeli 512 & > T/RI N7z CRN 7 persistent TH 572D+ 1354 L hBEM4%,
REENZHE T D FDEN—fi{b T2 2 2 HNE T5. FEENVFALT 256, BB 8
NIZB 2B ORBERIX, HARL t TO R EOIRE TR L, FFEENICHNST S —
SEIRGRINE 1 — 7, 1] L CRER S N7zl BI e C((—, 0L R") LOBBE L L CORETESI N
5. ZTD7H, WHEDELE - AN S C([-7, 0L R") LOBEEKMEE LTI S BB R H D, I
MEEN DD 72\ E D persistence Difan %, RFENZET 5 FDE (CHEEZEH T2 Z & 1d—#k
IZTER0.

B, BN ORMENE2ET S FDE 12N LT, C(-1,0];R") LEDOLTOMEDHEIZ EMEDE
BTEZONDHHBEE ¢ € C([-7,0;R?) D w-HBREA w(g) & IERIR C([-7,01;R:) DEIf &
DIGEI I DFEEZ RO 5 Z 212K D, Angeli 62 & > T/RS N7z persistence (2B T 545 R
B, RHEENDPEDIRWEGE L RROEFDO T TRIEINDE Z &%, FHEEH SR LU [14].

ARG T, BT Liptdk 512 & o> TIREI N2, DEFORMEN%E A S % FDE O E 7L
[13]1 1206 LT, B ORFREN DL DMz —MfbdT 52 22L& D, Angeli 5IZ& > TR
N7z persistence (2B D HERAY, FERRDOEGD FTHRIAEIND Z & &R



2 BEENhZASLEERBRY NT—J7OHEETIL

Feinberg 52 &> TEAIN/ALF KAty b7 —2 (CRN) i, AFD 3 D2DEAEDHL(S,C,R)
ZEoTtEAMEET B 3]

(DS : nldDYMENP S LEETHY, S:=1{X,....X,} &£T.
(2)C : complexesy DEETH 5.
BR: vy >y DELGTH 5.

ZZ T, complexy € Clkyr, -,y (Vi € Zso) ZFHVT 1 X1+ -+, X, £RIN, Kty -y € R
I% complex y )t U, complex y WEBIND Z %2R, ZDEE, yZNY, vy % EKY
E\WS. F7z, species Xi,..., X, DIEFIXEEINTVWEDT, UKy, y &ZDHEHEDOAZHW
Ty=0n....o o)y =0.... 0" &£T. $7bb, CRNIZHESST2WHEX,,....X, & Z" DFf
HHRR L [H T 5.

I X1, ... Xy DEMRE x1,...,x, BERET DRI MLVE x=(x1,...,x) eRTEFTD. ZD
L&, CRN (S,C,R) DHIREDIFRHIZAL x(1), 1 > 0 ZFLid 3 2 AU DIFHIEN % H 9 5 BEBUY
7 JiteX (FDE) O#JHIREKRHEIRA TRl T 5 [13].

d 0
ZAn= ) f Ky (x(t + 0)dpty oy )y = > Koy (x(0)y, V220, )
yoy'ER yoy ER
x(t) = ¢(r), Vte[-1,0] ()

ZZT, T2 0 lRMERENTH D, gy : [-1,0] > R, Vy > y e RIF, R &7z 3TIRMD R
BafmBEKTH 5 :

0
[ 1) = g ©) = (1) = 1. 3)

7272, FDE (1) DA N 5540 1%, Riemann-Stielties FTH 5. X 512, FIHABEEIX ¢ €
C([-7.0LR) TH 2. FIIZEND Ky (x) 1, R* NOHEARRRL 2 &LHKQ LTERI N
7o —REEGS T WTRET, D, RL, RCIHEAEZBEKTH Y, AN 3 M2 w2T (3]

(4) B Ky, (%) 1% X; ¢ supp(y) TH DL ITIKAELRN. 22T, xeRIIH LTS OHY
4 supp(x) &, supp(x):={X; € Slx; # 0} TEHZIN5.

(5) supp(y) IZ& £ 5 £ species DIREIIN U THFEMNTH L. D% D, X; €supp(y) LIRDIBRA
FixE—DOBEETDHE, FED (xq, ..., X x) (1, X x)] € RZ, LT,

xi <xl == Ky—>y’((x1a---axi’---,xn)T) < Ky%y,((xl"'-a}b---7xn)T)' (4)

(6) supp(y) IZ& £ 5 species DAL &6 —~DTEZTDREE x; NETHNE, »D, TOLEIZ
B Kyy()=0&785. 2F0, Kp(x)>074501F, 2D, DRI Y supp(y) C supp(x) T
bH5.

iz, &Ry -y (28 2B Ky (x) D5,

Ky_)y,(x) = ky—)y’xy = ky—)y’x){lxzz .. -xyn” (5)

ERIND L E, Kyy(x) IFEEMEM (mass action) TH D L \WD. 72720, kyy G HEER
EIEENDIEDERTH 5.

YIMIBE%L ¢ 2 £ 2 FDE (1) D% x() LKL, fEED 1 > 0123 LT 2(0) D -4 F ) €
C([-7,0;R") % x¥(s) = x*(t + 5),Vs € [-1,0] L EHTS. ZDL &, FDE (1) DALIFKAD
MNEFIZ L > TRIHTE 5.

f(xt) = (fl (x0), ... ’fn(xt))T = Z f\O Kyﬁy’(xt(u))dﬂy—)y’ (14))" - Z Ky—)y’ (xt(O))y’ t=0, (6)

y—oyeRY T y—y'eR



FDE (1) (3O IEEMEMES K CEMIEZRIES 2 Z &S NT WS [15]-[17]. 2% 9, £
DHIRIE ¢ € C([-7,01;R%) (resp. xo € C([-7,0]:R”)) 12X LT, FDE (1) D% T DfE x4(r) 1%
x{ € C([-7,01;R%), Y1 > 0 (resp. x! € C([-7,01; R" ), V1> 0) TH 5. Z T, R IER" DIEGRE
*9.

{XIZ, stoichiometric subspace(PA R, SS &M&d) LIFIXN 2 R" D3 2EM H 2R ATEHRT S
[3].

W:zspan{y’—yeR"lyﬁy’eR}. 7

ZDLE, ERED ¢ e C([-1,01;R2 ) I LT, CRN(S,C,R) D ¢ € C([-7,0];R”) % &L positive
stoichiometric compatibility class (BA N, PSCC & #&3) L5 C([-7,0]; RZ,) DD EE Pp)
ZIRATEFRT 5 [13].

Pg) = {4 € CU-. 0L RLy) |caW) = calg), Va € H* . (8)

772U, H* cR" 1%, CRN (S,C,R) D SSH DELRHMZEMTH Y, HKaeRIZHLT, NEK
ca: C([-7.0L:R%) » RIFIRATEHRI NS,

0 0
calt) :=a-(w<0>+ > f f Kyﬁy&x[(s))dsduyﬁy(u)y], Vi € C(-1, 0 RL).  (9)

yoy ER

L, TEDaeH Ey —yeH,Vy >y e REEXRTHDT, LED ¢ € P(p) IZX LT FDE
(1) DIEAERE x?(2) 123 > 72 PLEEE ¢, DIRHIZLEZE Z 25 &,

d d 0
Eca(x?) = a- Exq)(t)"' Z {Ky—>y’(x¢(t))_f Ky—)y’(xqj(t"'u))d/vly—)y’(u)} y]
y—oy eR -7
0
= Y [ K wa 6 -y =0, iz (10)
yoy'eRYTT

L7z o T, LD 12 0128 U T co(x?) = cu(@) = cale) 2D T, BDEMML D, 1% e Plo) &
BN irb. DED, FDE (1) D2 TOIEMERE x¢(1) 1%, CRN(S,C,R) DI ¢ 2 &L
PSCCHIZE E 2 Z Wb b.

3 EHER

ARETIE, Angeli 5 [1][2] 12 & o TRE N7z, CRN 28 persistent TH 5 72D+ 358 LU0
D, R DIFRDLEN 2 LS BE I W 3 [14] 2 — LT 52 212k b, DMK
MiEN%2HE3 2 FDE DGEAD HRICILERI NG Z L 2 /RT.

Z ZTIE, CRN(S,C,R) D FDE (1) D FAEMRIZN U TIRDEMEZRET 5.

RE 3.1 EEDOHHIBEE ¢ € C([-7,0];R”,) (259 % CRN(S,C,R) D FDE (1) D IEfEf# x?(r) 136
RThd. 250, kA%~ TILTHb.

sup x?

>0

o <o (11
=720, D ¢ e C([-7, 0, R IZH U T Wl := Sup_reseo IWOI TH O, ||| 1IER* D=2V v
RIIWVALTHS.

¥ 9, Anderson 5 [1][2][14] (23T, CRN O persistence & consistence &5 DD EHK %
52 5.



£# 3.1 CRN(S,C,R) D FDE (1) %" persistent T % £ 13, (EREDHMBIL ¢ € C([-7,0];R”) (£
KU THRE x2() IR Z 7232 Th 5 :

li}ninfx?)(t) >0, i=1,...,n (12)

%% 3.2 CRN(S,C,R) 7 consistent TH b &1k, IKPKEDILDI L THD. fTEDy >y eRIZ
U TCTEER ayy >0 DBFEEL,

> a0 =y =0 (13)

y—y' eR
7.
RIZATED EFEREZRR D DI BE R 2 DOHER 5 2 5 [1][2].

E% 3.3 CRN(S,C,R)IZNLT, SOIELRMBAEGEZ W ET L. ZDLE, Wnsupp(y) # 0 %
7= TERDOKINy -y e RIZH LT, Wnsupp(y) # 072 51X, W i% semi-locking set TdH 5 &\

-

9. X 51T, semi-locking set W HMHD semi-locking set % & F 72\ & ¥, W IE minimal semi-locking
set THhDH &N,

E%F 3.4 CRN(S,C,R) iZXxf LT, CRNDSS % H, W% SDIZELIENEELTEH. ZDLE,
LD he HIZHUTsuppla) = WhrDa-h=027%%&57%IEERT bl aeRl BWEFET D
7 51¥, CRN(S,C,R) 1 WIZEJ L T semi-conservative TH D &\,

AREDEFRIE, RO ODDOEHTH 5.

I 3.1 £ T minimal semi-locking sets {ZF L T (S, C, R) %* semi-conservative 72 5 |X, CRN(S, C, R)
@ FDE (1) (& persistent TH 5.

EIE 3.2 CRN(S,C,R) D FDE (1) I% persistent TH b &35, ZD& X, CRN(S,C,R) IE consistent
Ths.

EH 31 B LOCEMI2 DI, FB4EBIPESHEHTENTNGZ 5.

4 T 3.1 DiEEA
(S,C,R) @ FDE (1) D EAlfE x4 () 125 LT, %0 w-WREA w(@) 2 RATERT 2 [151(17]:

w(p) := {w e C([—m, 0];R;0) Ant cR; kh_}n()lo ty = 400, xi - w } (14)
22T, B ARRERDO—HBEn LD, o-MRES w(@) B L TIROEMAEL D 32D [15][17].

EE 41 (S.C,R D FDE (1) DIEMEE x(t) WERTHD LT 2D, ZDLZ, oiBRER w) 1k
=P OaAYNRY NRALEATHS. T51Z, dist!, w(@) = 0(t —» +00) TH 5.

ZDrE, wp) DAL SIROHELK D LD [17].

HE41 TEDt<0& pecw@)ZHLTy e wg) WIFIELT, LED s € [-1,0] 1T/ LT
xft(s) =p(s) &7 5.



w(@) DA X7 MEDS, (S,C,R) D FDE (1) 2% persistent TH 5 Z & &, ZTDMH HFERIEER
DHIHBEIEL ¢ € C([-7,01;R2 ) 128 L T w(¢) € C([-7, 0 RY ) &7z 9 Z L IFFAMETH 5. Lihio
T, FDE (1) %* persistent T 5 Z & 2R 7DITIE, w(@) 7 C([-7,0];R”) DELF dC([-7,0];R,)
DEREZEE LN 2 RBIX L.

ZFDEDIZ, FEHOSDHER[14]IZEWT, RO _OOHEEZHET 5.

fHRE 4.2 HBIB g - RY) — Roo HURIBEB A, - C([-7,01;RL ) — Ry DHFEL T, (S,C,R)
@ FDE (1) & C([-7,0; R ) ECIRAD L S IZETBTE S

%xi(t) = filx) = =gi(x;(0)xi(0) + hi(x,), 120, i=1,....n (15)

X512, (S,C,R) D FDE (1) DIEEAMEE xP () IFIRRD L S IZRHTE 5 .

L = exp(— f gi(x?(O))ds)@(m
0

+exp(— f g[(xf(O))ds) f h[(xf)exp( f s g[(xﬁ(O))dp)ds, t>0. (16)
0 0 0
SRR %9, BAMg iRY > RERATEHT S

Zy—)y’ eR Ky—)y’ (X))’i

, x; >0,
Xi
gi(x) = 1 <Vi<n. (17)
0
B_xL( Z Ky—))/’(x)y[], Xi = 0’
yoy'eR

IorE, BBK, () DRENS g 1E R L TIHEHEN DHERREBMTH L Z L3305,
Xz, PLBEECR; - C([-1,01:RY) - R ZIKATELT S -

hi(p) = Z fo Ky oy (p(w)dpy .y (w)y;, Yo € C([-7,0L;RL)), 1<Vi<n. (18)
y—oy'eRY T
TDLE, hilEC([-7,0;RY) ECIEfEN DR R BB TH 5 Z L VAR5 5.
L7hisT, (17) & (18) THE S N DB g; L PBIE h; 2 FIWVT(S,C,R) D FDE (1) & C([-7, 0]; RZ)
ECIRAREM D HFER (15) ORICEE TE 2D T, FEEMHEMR x¢() D3 (16) TR TEZ 5. O

HRE 4.3 W ¢ € C(-T,0LRI) W, HDie{l,2,... .n}IZHLT0)>0THdELT 5.
DL E, (S,C,R) D FDE (1) DA /(1) &, D >0 LTl >02%5.

SERR fHE 4.2 225, i xP() 1% (16) DIEARTRHTE 5.
h; DIEEEMED S,

exp(— f g,-(x?(O))ds) f h,-(x?)exp( f Sgi(xﬁ@))dp)dszo’ £20. (19
0 0 0

THHIZEDEPEIZ DN 5.
U725 T, IROARERDKD LD ¢

X)) = exp (— fo [ gi(x.‘;’(O))ds) ¢i(0) 120. (20)
ZZT, ¢,0)>0%DT,
0 < exp (— fo t gi(xf(O))ds) $:(0) < +00, ¥t > 0. 21)
Y5,
LDio T ATED > 018 LT a%(n) > 0 72 5. D

5



W42 L 43 DS LURD 2 DDOMER, w(¢) iIZ& 1D IC([-1,0;R? ) LOEREZRHOT 2
[14].

HEA4 pcw@ M, HDie{l,2,....n} 1T LT 0)=0TH2Ld5. ZDOLZ, {FED
SE[-T,0lIZHUTpi(s) =075,

IR TED s € [-1,0] IR LT pi(s) = 0 TRWVWEIRET . DD, 1€ [-1,0) BFEL T
(,D[(Z)>0 tj_é

HE 4105, ¢ e w(@) PFEL TERED s e [-1,01 LN LT x‘_”;(s) = ¢(s) 12 i(0) = ;1) > 0
LB, LizhioT, W43 NS (D >0, B. LU, xV(=1)=¢i(0) RDT ¢(0) =0 (<
FETD. O

WREAS pecw@) lE, HBic{l,2,... .} IZH LT e(-1)>0ThH3LT5. ZDLX, LED
SE[-T,0l TR LT gi(s) >0 &5,

FEER 7€ [-T,O) WFIEL C () =0 TH D ERET 5. DL E, HiEH41 D5 ¢ € w(gp) MFAE
LT, HFEDse[-101 1T LT () =p(s) £7b. 22T, yi0) =pi(-1) >0 THIHh5, #l
B A3 LIRD—FEMEDR S, (D e [0,7] EHLT ()=t -1) >0 8RB ZENRNE.
N, g =0I1IZFETS. Lo T, fTED se[-1,0] I UTgi(s) >0 &5, i

UE2ODHiEEZZ DD LROEMEZHD [14].

EE 42 w@nNIC(-T.0LRL) 0T 2. ZDLE, RO 25M4%5T SORIEAW &
B ¢ € w(g) N IC([—7,01;RL ) DIFIET 5 -

(D) X; e WhaSIE, EED se[-1,0] 123 LT yi(s) = 0.

Q) X; ¢ WolE, LD s e[-1,01 125 LT yi(s) > 0.

AEER R LD, ¢ € w(@) N IC([-7,0;RE) DBFET S, #4105, D1 <0ITHLT
Y € w(g) BWIFAEL, x’/_/(tt) =MD

2y vt <. (22)

-t

£oT, BWZERSDOHPEE ), I, 2IRATEHRTE S :

o= {XeS[ 0 =0Ax)<0], (23)
I, = {Xie3|¢§”(0)>o, wgo}. (24)

ST, UL, =1 THY, #if442458 oDMEEHS, 7= minge, 1(X;) 123 LTy = y®
ETBE, wew(@) THY, PDOYIFIRD D%~ 7.
) EED se[-1,0] & X; € I (2 LT yi(s) = 0.
(i) fEED s e [-1,0] & X; € I, (2R LT yi(s) > 0.

L7zDioT, W=l bBLIZLIZ&oT, AEMMBTHEINS. O

ZZT, SOWHEEWIZHLT, C([-1,0;R") DEWDES Ly 2IRATEHT S :

W,'(S) =0, X,eW

Ly = C([-7,0];R" ,
v {WE ([ T ] ) W,‘(S)i(), X,'QW

Vs € [, 0]} . (25)

ZOE X, CRN(S,C,R) @ FDE (1) D w(g) L& 15 dC(-T, 01 R ) LOBHBBEHL ZD Xy
N7 — 7 IZ{74E T 5 semi-locking set & DBERME % 5 2 IR D EHDEL D LD [14].



T 43 (S,CCRVDFDE (1) 2% 2 5%. WcS%HERANELGLTE. Z0r X, ¥HEK
¢ € C([-7,0: R ) HMFEIEL T, w(p) NLy #0 &72%7251F, W I semi-locking set TdH 5.

SEER TELIRIC & o TREMT 5. D% 0, WM ¢ € C([-7,01:RY) L MOEAE W c SHFIEL
T, w(@)N Ly #07h2 W L semi-locking set TRWEARKEL THEZEL.

W % semi-locking set TR\W\WDT, HDXIEy —» y € RVPFEL, supp(y) N W = 0 72D
supp()NW £0 &755. £oT, Blpecw@)nly & —DEIL, X;€e WHIFELT filp) >0 &
4% Z I BDT, fiDEHHEN S > 08 k> 0WMHEL T, ERD ¢ € B()NC([-7,0];R” )
X UT i) >k &5, 72720, Bog):={y e C(-r,0LRY) |y —¢llc <e}. TH 5. )

2T, WM ARER (6) OALONEE £ 1% C([-1,0]; Q) LTk NERTh 2 Z &5
MNHDT, EEBRM>0DFEL TEED g € Bio) ICRLUT, [IfI<M &5,

ZIZT, abZt<a<blb X I8, 2TDte(a,b) iz LT xf € Bo(9)NC([-7,0L;RZ )

b6,
b+
j‘ G|

+s

IA

||x¢(b +5)— x¢(a + s)”

IA

M®—-a), se€l[-1,0] (26)

DT, ||xf —xﬁ”c <Mb-a) P EoN5.
L, MR LS 22w ¢ ¢ Byp) LIRETEDDT, o cw@ NLy 5, 0<e& <gk
T <ty <tgp WFIELT, xf; € 0B (p) N C([-7,0l;RL ) 53D xz,/z € 0By 2(9) N C([-7,0;RL ) B
i@,E%@m@m@mKﬁbfﬁe@ﬂ@wWNMQabﬂmM&k&éltﬁﬁ#é
- T,

o _ o ¢ ¢
tyr - tt:’/Z c - 'xtb./ - (10||C - xta’/z - Q0||C
g &
= &d->== 27
£-5 75 (27)
ThY, £/, 26) &P
3, =30l S Mo = 10) (28)

ML D LD,
L7zdioT, 27) & 28) 125ty — 1w 2 € /2M TH 5.
— 03, FERED t € (ter, ter) KR LT &) > k DT,

tg’/z
x;’_j(tg,/z) x‘j’?(ta/) + f x;j(s)ds

[

v

XK (ter) + k(12 = 17)

gk

¢
> xj(tgf) + M

>0 (29)
A /RVASH

IDLE, AEED 1 2 top WU T ) € Bulp) N C(-7, 0, RL) 5 1F &) > k £ B DT,
x‘f(t) > xj(typ) >0 73, ko T, x‘g — @, 1) —> 00, = 00 2725 KD IREH] () (FIEFEL R
W, L, pew(p) iITFET 5. O
LAEDERL 42 & 43 705, EH 31 ASEHE NG,

I 3.1 DEEEA (S, C, R) D FDE (1) %3 persistent T2\WEARKET 5. DF 0, FIHIEK ¢ € C([-7,0]; RZ,)
DELT, w(@)NIC([-T,0RL) #0 £72 5.



¢ € w(@) NOC([-7,0;RY ) & —DER Y, FHA42 PSR 2 223 W c S LK
¥ € w(@) WFIET S :

(D) X; e WS, LD se[-1,01 123 LT yi(s) = 0.
Q)X ¢ WS, £ED se[-1,0] 1% LT yi(s) > 0.

ZDEE, yewl@)NLy XBHSPZRDT, EH 4355 W L semi-locking set TH 5.

Z 2T, WIZE £ 5 minimal semi-locking set 2 W’ £ 32 &, {KE L Y CRN(S,C,R) i W’ IZ
B L T semi-conservative 72D T, E# 3.4 X DIEFANZ FLa(W') € RL ) DIHFAEL T, supp(a(W)) =
W P DMERED he HIZHULTaW) -h=0 %79, 7272L, HIZZDCRNDSS TH5.

22T, ¢€C([-70L:R) 2D a(W) € RL FIHEFEDIHAMNRZ MLRDT, a(W)-¢0) >0
L%, £oT, (9 TERSNPBIE caw) 1 U T comwn (@) > 0 DD LD,

ZDEE, yew@)NLy DWW cW kDb,

n

aW') - g(0) = > aiWWi(0) = > ai(Wi(0) = 0 (30)
i=1 XieWw’

L%, —h, BEK Ly Ws) ZEAETH Y, KoyW(s) >07%851E, supp(y) C supp(¥(s)) 7
DT, EED se[-1,0] & e Ly lZFUTKyny@W(s) >07251E, supp(y) C suppy(s)) = We &
n5.

£ T,
aW-y= " a(Wyi=0 (31)
X,eW
25D T,
Caw @) = a(W) - y(O) + f fu Ky (W(s))dsdlpty oy () a(W') -y = 0 (32)
yoy'leR Y T VU
AEB5NB.

i, ZOPBIE cuwy % B x4 (1) (> TS T 5 &,

d ,
Eca(w’)(x?) = a(W’)-

Yoy ER

d 0
Ex(p(t) + Z {Ky—>y’ (xd)(t)) - £T Ky—)y’ (x¢(t - u))d/vly—w’(u)} y}

0
> f Ky (Xt = w)dpty—y (w) a(W') - (3 = )

yoyeERY T
= 0, Vt=0. (33)

EoT, fEED 12 012 LT cuwn(c?) = cawy(@) £725. LD 5T, cqwy(x?) Dt 12T
BEAGEED S cawryW) = cawn(@) > 0 DD LD, ZHE B2 KEFETS. £oT, (S,C,R D
FDE (1) I persistent TH 5. m|

5 EI3.2 DA

(S8,C,R) D FDE (1) & persistent 72 DT, (EEDOHIMBEE ¢ € C([-7,01;R2) I L T w(¢) N
IC[-T,0LR.)=0THb. ZDLE, BHBK vy DRELD, FEDyYycw@) &y—>y eR
IR LT, Kysy ((s) > 0 BEFED s € [-7,0] 125 LTk 0 32D,

—J3, w(@) DAY MEE K (x) DEHNEDN S, [LEDy -y e RICN U TIEER )y >
a,,, >0 WEIEL,

ay_,y < Koy W(s) < ayny, VY €w(p), Vse[-1,0] (34)
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AR

%, BBy € wig) 2 —DEIE, w@) DALEWENS, THEDy 5y e REt>0I1IT/LT

Ky O) 2 a,,, £%%. ZZT, RATLHX 505 (1) - p(0) DRI ZHEZ 5

X(T) = y(0)

1
= im |- Y f sy Y f f Ky (¥(5 + )ity (1) Y

Yoy ER Yoy ER

= lim = fuf K,y (x‘/’(s))dsd,uyﬁy (w)y+

yoy ER Yoy ER

|

fO f vy (3 (s + u))dsdpty—y (u)y]

1
= Jim f T f e Dty oy G =)= Y fO fT Ko sy @)y

y—y' eR y—y' eR

+ Z I fOKy—>y’(‘//(S))deﬂyﬁy’(u)y’]~

yoy'ER

Dk E,

Tl_l)llloo ? Z ﬁL y—y ('//(S))d*gdluy—’y (u)y’ = 0.

y—y'eR

BHORTH B, X512, I IFERBDT, WADMWBRAK D 7D

. (T = y(0)
m —
T+ T

=0.

REAMEBDEME(3) £ 0,

f fT Ky (M ()dsdptyoy @y <Y Gy f udpty oy (1) y < +o0,
—t JT+u

yoy ER y—y' eR
BRSNS, oT, RADMEZ2E5S :
lim — f f K, .y (x‘”(s))dsd,uy_o (w)y =0.
T—too T -1 JT+u
—y ER
L7295 T, (35)—(39) » H5IRDIGIREZ S5 :
Tli‘?m 1 f f o ()it () (Y = )

—y’eR

TR f 1 (s (=) = 0

y—y'eR
¥z, FEDy >y eRET>0IZHLT

1 T—Ty*}y/ _
a_ ., < lim = f Ky (X7 (8))ds < Gysy

=Y T 15 T

DT, HDEFT)PFEELT, T — +oo M DORDIBIRMEIEIET S ¢

T] Ty_w/

— ¥ — =
4y y < ,Eff})o T Koy (X(8))ds = ayy < ayy.

L7=M->T, (40) &b, (13) fP%bM%@’C“, CRN (S,C,R) I consistent TH 5.

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(35)
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