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ZOFEIZ, 2021 £ RIMS HEBFE (WNFAD TREREENR & BEERE | B & IGH O #T
7R EENCA T OMERIERTH 203, BEONFZ ELHLDTIIRL, HEENR
CBIEM TR OVTORMBHEEZ Z e H 5 LIT L.

AEFHAROEEB IO ZOLEFED XA FLICH 2 KEEBNR (time-delay system) &1
—IRATHA S0 ? 3% TFfENL) TH 2D, K 2 I3 2 274 (LI, K
RS X7 L LER) I2BWT, BTV REDBHA(LRABHEDIRER T TR B
DREBIZHKFT 25512, TORMERERES X7 LZ TREEAZED) 55, REEhD
TEREALITLHEING. ZLTC, TOXSREKRT, RHRBICXA L 72HT 5
HAEBIATABIOZNSDHHET L ZHM L TRKEENREMRZLIZTZ2DTH 2.

BBV, REEARE VW HBEEH E O HVWLRT, EENRERONRTH LT
BRATHEIZ 2. BEMSHTER (delay differential equation; DDE) & %\ 3 EEEM
35ER (functional differential equation; FDE) & FHIN 2 MO ARV ZNTH 5. Eii
REDOZEDTERXS MR AERTHD, 2o X5 Mgl EZniEX%
MALT, BEAFEN LRI ddH2. 2R, 6] 2RIz,

BIEM D HREAROHTRICIE, EMPHER (ODE) o—ffbe L TtoMs Ao M
H 2 LA, ZOMDIRDZIENT D2 X4 F I 7 ZAZHRD 0S5 NEREROMEDH 5.
ZLTC, Ihs50EOBERICIE, THREEhZRO MY AER (differential equations with
delayed arguments)| 1203 2 BARBEAHAITERBEROZEBICEWTEZ 62205 N,
Krasovskii [26] 12 & 284235 5. J. Hale [11] 12 X D BA Iz, TREENEROWD 1
X ORERERMTH 2B T EROERZ, CoBEZLIDRTIERBRLE. ¥y

* T980-8577 BEIMIIATHFEX AT 2-1-1 BULKEMRREESIAT (AIMR) B L —7
T E-mail: junya.nishiguchi.bl@tohoku.ac.jp
*1 https://sites.google.com/view/delayws2021/
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ZNHER IR 254 7 7 20 KRR T 2582 , N. Krasovskii [26, Chapters
6 and 7] 8 XU A. Halanay [9, Chapter 4] i< X 2055 2 %3 - FEJR X ¥ 2T, BAEMA A
BROMD T ERGHIE I L /2.

F 72, BNz Krasovskii 12 & 2 B TRELEAZFHOMD HER O “geometric
theory” ICBT 230 TH 2™, BHMRIICE X, TTREENL RO OMHAER 1 FEREEK
DZEMZHZER L T2 BRRTNER ZED D] L WH e THS. ODE o6 EExNT
MR NERERMIEEL, $, RERET 2RI TELDED 2 BERTHERDIF
FRINTWBRSHIZBWTIE, By 77 B R R 22/ 1 B 1T 2 IR KT HER 2 E
»5 EWVWHHEBIMOEZ IRV, LrL, HEFIFMEREXIT Banach ZEEICE Y 2 1 EHRD
EFR FRANICE 21E, HERXIT Banach Z2HNICEH T 2 H7) & ZAUTED S HIFEH M S
NI@E DD TH o™ BB AFRRD XA F I 7 RADNEROBIETOMIE, — RO
BTN FRZEET 270D 1 DD —R LTS RBEELRMAZ SOTWE. HEX
T ERICE T 2L LT [34], [16], [20] 22 F 2. ERRTH 2R e HERERCHET 2
ke LT [40], [37] Db .

[14] & Hale 12 X 2 BB 0 T ERICHT 2RO TDH 5. NEDKMELEMIZLD,
[15] ¥ LT BB ARG 0%z T 2EFHLRok. ZONER, H1ETAAI—
DI ZN TR 2 HBRICERL, §F 2 ECHEWy TEXoERERLZEMT 2. 2L
T, 2D 120FEMAZ, B 10 BEiTBT 2 BB 7T RREX O P [0 FEHHE DT O X
AFITVRADENNICH B ER D255, ZUk, ODE O ¥REH & L 3 AUTEART
3H 20, ZOEMIBSTIEIRV. U, 23D, B AERXOERD o KE x 12
ZORANRD 2 EZR 21255, £z, [15] TBI2#MEI S I ERBATTITIERD» -
7z. Verduyn Lunel 23 ZF D o 72RETHR 21] EZOFR T X EZMDRL 2dich o7z
FZ57255. %72, Diekmann, van Gils, Verduyn Lunel, and Walther 12 X % 2732 2 85
TOFEMRE 6] ZAEALTZon T Rok AbiL5.

BB AERGRIZOLSICHBELTELD, 2030 FIFrT MBS AERX] 2w
SHEDNHOWSONZ Z 3P kol ko iIcBbhs. ZoREL AR EEE DI TIX
BRWEEIZE o TIIEERFERITDD 5 VA, EFETE, B AERX) 2w RHEERIZ
LAY DEEMD AR LS HECR>s TRboML LSl bis., AU
RERHZ e Bbid. 1 O0HOERIE, 1960 F£HE75 5 1980 FERUTH T THE L 7-BIEM
DHBRRO BT 2MEDE BBV TH 2. 2O0HOERE, LIELIE Hale @
EEPHELVWEEDNSZZIZb DB KO, TRBMY AER) tvs HENHEI NS X
IR0/l THD. bbArA, BEBMAIAER XD NEEMAAER) OFHPERIC
DHPDRTVEVS b HZTHAS5. ZHF, TOXFEBIZX4 L Th NELEWS

LG, 4] 2RI,

*3 Z 0 “geometric theory” 2B % Hale 2 X 2 ¥ F L LT [12] 2RI\,

* v 212, (18], [13] 2SI Nz, B, [18, Definition 3] IZBWT, (RRRENEK %75) Banach %
flicB T 2 FRNOTZREDOERDBGZ 6N TV 2.
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HER) ZRALTW2 22 icEHTV 3.

L2L, THE2r6EE-T, BB AR WHIMEBETONTDITIERVDTH
3. THMEhZEHOWMOHER L ERTH 2 BEMS HEROBENERLL Y L CRIEM
NHBEDD20THD, Zhd, BEMDATEROMD RG-S HERE R L V5 — &Y
B BNOPAZEZTINS. BEMTHER L BEEBO AERZT > TH U0 #Ee
VAQIR

Db &5 kEH»S, BEMDHEREEUREENROEMR L Zh DN O TF DM
FEL oMz 03I, I THDTHEMI AER WS BEMD AERDERLOEA %
TH5 e HEETHZ e EZ L. MBS HEROEAE, BENCEIERICARTD 527
®, Hale 1T & 23CHK [14], [15] TR S F DFHADLZ V. THiX 21] KBEWTHRILTH 5.

COSGERMTO &5 I nTwa. 2 §icid, BIEBS HRERICE 2 MEKEE
EWVIS B SEBMY A EROBAZITS. 3 #iTl, MWL AEXoERER (P
ERTEDRDIFIE L — M) K OWTHEIS 2. 2 3.1 /MIITHBRR 2 NEIIEHEN LR D DTH
2703, 8 3.2 /NECBI 2MAEN RN T 227 v FEo#EmEEL T, BOFEL—
BV 2 @B B 2&HDEKREH 3.3 /NIITITS. 5 4 8T, HRTHERRICLTE
TRBIEM D HERD (B3 L HEENTRY) ERZRR, ZORENERLTD 2 B
HER DERICOWTHMAT 2.

2 BRENRCEBEWMDHER
2.1 WRERHERX

REENRZRIAEROEMCI S ETIEREELDHZ. I 21F, LA MoE
7ATER (differential difference equation) & W5 HEENAHWSH AT W, ZhiE, EHOD
Tlyeeoy T > 01X T2

z(t) = fz(t),z(t —11),...,x(t — Tmm)) (2.1)

EWOIMAAERDZ e THZ™. 22T, BB R x (RM)™ — R G#TREL 3%
FoTWa e RET 2. MaENHEROHERmO—RAYZXE e LT [4] 22T 5. &I TIl,
FER (2.1) 22 WA AN ARER L ERET, JUTEEM D HEKX (DDE) ST
MHEN. Larl, ZOXETRE, MrENTEAEBLEM T2 (DDE) kil s 7 2T
Ho BT o701, HENX (2.1) 2WrED R R,

21 7,00, T > 0 BEBTIERRABEICKEFEL TELT 2 I RKHEEZ S &,
(759 WO HER D DEYITE RS KRS, ZDOXSREEEZ KL T2, differential
delay equation % delay differential equation &\ 5 HFENRZEL TW-o/z L5 ICB b 3.

S EINCRKEZER t e R BIBICEZNZ DD HEZ 6D, I TREHC t BB EETNRVEIRD A
BRoAZEZ 3.



differential difference equation % differential delay equation DH&EEIX T XT “DDE” T
H20, ZOXHETIE DDE &I3EBEM DT (delay differential equation) DEEFED Z
tr3 5. %7, vYT7HROAI 2 =7 4IBWVTIE differential equation with deviating
argument (DEDA) X WO HES WL TV (FEL LI, [29], [28] ZZR Iz W0).

2.2 EnRBEHMoAER

T, BEMHHER (DDE) 0EHIZ[A1rLES5 L, HEDidoxh LA, BEELSR
OEFET N L TR ERHERX (2.1) bz 2B (Lt 21F, [8] zZRE
Nz, THAENHER = BIEMH 2R (DDE)) tZ2A5h3 2 dH20b LAk,
WS HER (2.1) OF#IE, RHBEK 2 OEE 2(0) 22t —11),...,2(t — ) WKIREFET
52ZrTHd0, ZhF, KHEENROMIHTERXETLE LTIERREMRICBE RN &
WKHERT2LEND 3.

JESERYICIE, Bellman and Cooke [4] 12 X 220 R T 2 — YR ZED I,
Ihozder 7 A LTEBMAAEROME Hale [11] 1IC X D85 - HA X7z, ME,
RDFLEZ V3.

% L R OFREARXME [a,b) LT, C([a,b],R") T [a,b] 725 R* ~NDOEHFGEK KD
BRIz R Y. O([a,b], R™) 1TIE LR Lo

] = sup [z(t)] (x € C(la,b],R™))

t€la,b)
52, ZAUCT X% Banach e &2 %. 22T, || ER" DHZ/VALTDHS.
FITRARZBIRH R E, 1> 0 ZEKE LT
z(t) = F(x) (2.2)

cErNIWMHHERTHZ. 22T, F: C([-r,0,R") Ddom(F) — R™ i& TRZ hLE
WEEEL TH DY, 2 € C([—r, 0], R") (ZEke A RHBEEL 2 LT

2 (0) =zt +0) (0€]-r0)

TERING. ZOXETIE, =z Z o O t 1282 BEYIR (history segment) & FER. @
X, RFDE (2.2) KB} 2 F 3#EKGERTHL LIRET 5.

[11] TEA XN EREE, HER (2.2) FBICHEBEM S 5ER (FDE) MERT0iz. 20
%, (22) ZBVIXIEREATHEZ OGN, b e XAlF 572012, HER (2.2) 13 &
NE® FDE (FDE of retarded type), ® % \W3 BNEEZM S HTEN (retarded functional
differential equation; RFDE) & M:iE12*7. RFDE OHEiO —HY4& #k & LT, Hale

6 WS RRNEFRC, ZCTHHIRDHERDAZEZ 3.

T ZOEMD, (2.2) OFLAD (NZ FUE) WBERTH 2 L IHEKRT 222 0E L brokv. ki,
functional differential equation ® MBI TR W5 HERBRIZEE L TWD (L 21, [25], [30],
1] 2B A7),



W& 27 FADN [14], [15], B & Verduyn Lunel 23500 - 7KEThR [21] 2SR E 0. B
BB Z b EDHT, Hale IZX2XHE [17] SN2,

7 2.2. Hale [17] 258~XTW3 X 512, RFDE D&z
i(t) = F(z(t +0))

WS BT Krasovskii [26, Chapters 6 and 7] IC & D ERIh TV, 22T, z(t+0) 130
DB LTEATED, LdoT, GO F FBTERLS (RZ MVED) FLBEL
LTHBINRITFUIZR S0, [9, Chapter 4] BRI v, F7z, [11] ks, TH
MEN 2 FEOM 7 R (differential equations with delayed arguments) | 1283 2 HR %
Pl A E BRI R D 22/ C([—r, 0, R?) iIZBWVWTEHE X 5h 3 Z b £/ Krasovskii iI2&D
BN TV X5 TH 2. 728, Hale [17] IF5CE ¢ EHEDEA L 2 BT W23 23,
Shimanov [38] IZ X > THHVWLN TV S.

2.3 RFDE IC& T3 1BEEEFNE

RFDE (2.2) oFRIcBWTEZEZ viE, 20 [i(t) & o WKELTWS] W05 T
ERBFLTVWEDTH->T, ERNLRKEEREDORIL LG TEVWRNWZ 2 THS. 22T, §
R RIFEREDORT ] L VI RBFICWEERLLETH S, 722 21X, ODE™
i = f(x) (2:3)

b, B f:R" - R" O BENARRAZEEL TVWEDITIERY. LrL, o id z(t)
YERVERTHZH S, F(r,) 12id ODE (2.3) KB 3 f(o(t) UEICSEXEHH D
BEABNDE. xy OEPDBEENTD XL, FERZR F o LT3y & IR 2z
DESIHEABEDLETD L. D%, RFDE (2.2) KB 3 i(t) ® oy ~NOEGFEMEE, B
RFDE ICHIFT3BEEKEN X LIZT 5.
* 2.3. ODE (2.3) &, ¥sicr=0r 3% 22T C([-r,0,R?) # R* ¥# 2 4¥ RFDE
CRBFTIEMNTES. EFEL, r=02LALTH, Bfg F: C([-r,0,R") - R” %

F(¢) = f(#(0)) (2.4)
raEHIUL, (2.3) ZEED r >0 LTRFDE ¥ LTEL 2 T& 5. $4bb, ODE
¥ RFDE DAL B TES. ZOEDAAIZEDFSN2 RFDE 1, KRAEE 2n ©
B (t) 25 x OBEDME z(t) DAIKIET 2 05 HIFRBEKGFE Lo Tuiine

BZ5.
¥ 2.4. RFDE iZBJ 2 BEMEFEL WO BERTIE, MuoEnAER (2.1) & THE) TH 5.
i F: C([-r,0],R?) — R" %

F(¢) = f(¢(0),¢(=71), ..., (=7m))

e
B

*8 D%, B2 ODE ¥ 521 1 BEREO R 2ET 35,

)



YEDH B LT, (2.1) Z RFDE (2. )}:L“Cib‘%’é:ipf’obﬁ) L 2T, r > 010
TiyeooyTm € (0,7] 2722 XS -oTWS. 72721, BEKRGFHEOHE L RORZEHNTH
5&4%372#2@;9Loa#5##%a#f&mut,u£&ﬁﬁbrﬁﬂjf%5#
LYE-LT, MORZBOTHIXAFIVADBEHRTH 205303 bhr sV, —HT,
BERFED TR CTHAIBIB LT R2DEEETHS. ZOEKT, FEELR
OHIET L LTMAESFEREIZAVSATWS.

EEERRE L. C([—r,0),R") — R" 1253 % #§5% RFDE

WA LT, RFDE 2B 2 @BERFEORTIERRHEHICKR S, Z0EEICE, R OER
FAX [a,b] EOEBUEEREE O %3 Banach 22/ C([a,b], R) L oOEGAREIABEEIC T
% Riesz DRBEF XD, LIZROBERRRDVAIETH S ©

0
Lo= [ dn(0)e(0) (¢ <€ C([-r,0],R")). (2.6)

22T, n: -0 = M,(R) & [-r,0) ETEEINZ nxn ETFICELZRSERELE)
BIEL, SROBBEAPAREHNTD 2 X5 LB THY, GiIIRT FAEBE ¢ D175
ERI%L 1 1T & % Riemann-Stieltjes B TH 2™, EEEPIEE 72 1 IEZBEREC N T 2
Riemann-Stieltjes #5713 2 ke LT, [41, Chapter I] 2217 %. RFDE O XRT D
Riemann-Stieltjes 712DV TIE, [6, Chapter I and Appendix I] 2 X /0. HE
RFDE (2.5) iIZx LT, BPER (2.6) 2 L-ARZHBIE n 2388 RFDE (2.5) 128
JAMEMEEE BN LTWwWa e ER 5.

B 2.5. 1751 A, B € M,(R) & 7> 0 X3 2R OMr =0 HER
i(t) = Az(t) + Bx(t — 1)
&, EARERER L C([-r,0),R") - R %
Lo = A¢(0) + Bo(—7) (¢ € C([-r,0],R"))

LED D THA RFDE (25) e LTHEFS. 22T, r>0E 7€ (0,r] ER2E51
WoTWwa., ko L, ¥ 2IIMTHEEREEHREK n: [-r,00 > M,(R) &

0 0 € [-r, —7]),
n(®) =4 B (0 € (-7,0)),
A+B (0=0).

LEDD LT, MORR (2.6) DARETH 5. O TETHERT.

O Xl [—r,0] DX IFEGE —r =00 < -+ <O =0, 0) € [0;-1,05] (1 <j<m) BT BHIREOR
& 0 1EST RO FTO, Riemann 1 370, [7(0;) — 1(0j-1)]¢(0)) OICRIER & h EHRS 2.
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3 RFDE DQEWIEH

1960 ¥ D RFDE OEROEA LR, ZOMEEEIGEHICIEA Lz, 24U, Th
MHEN 2R OM R 1S3 2 BARBRE LR ZER C([~r,0],R") IZBWTH X5
N5 W5 Krasovskii 1T &2 8%, RFDE (2.2) tWwWHERLE BRI DD D 3 KB
LTV ZedHEL TV EEADbNS.

RORDBENTDH XA F IV A2 NERDBIRTHND L E, BEX TV AHDHTERXD 4]
HAERE 2 & 22 Z 22/ 5. RFDE (2.2) 05EICE, ZOWHIEREICB T 2 FIEAS D

xo = ¢ € dom(F) C C([—r,0],R") (3.1)
THEZONZZLBERTHS. 22T, ¢ ZAIHIZEM (3.1) 1I2B1) 2 YIHARGEERIEL (initial
history function) ¥ FER*10,

3.1 WHMMERMEOCRBROEFETE—EMY

3.1.1 YIEAMERIBDEDOEFEM
X%, RFDE (2.2) O¥EAEMEOBOFEMICE T2 EANLERTH 5.

E# 3.1. F: C([-r,0,,R") D dom(F) — R™ Z#fit GR35, 2ot %, dom(F) »
AR 51F, TED ¢ € dom(F) LT, RFDE (2.2) GHHASKH 29 = ¢ DT T
RO, Thbb, a>0 LB x: [-ra] > R THoTREWZTDOVHEET S !
i) o = ¢, (ii) EED t € [0,a] WML T x; € dom(F), (iii) z[j,q): [0,a] — R™ 134
FREBET, TNTD t € [0,a] ITXHLT @(t) = F(xy).

ZiuE, RFDE 1233 % Peano OEFEHEEE L THE5XREHDOTH 5. EH 3.1 B
2EHFZ LD, RFDE (2.2) OWIHAGMH 20 = ¢ € dom(F) O T TOME z: [—r,a] — R™ 1358
BfCch 2. ARAXME LoEGREEE—HERTH 20T, B

[0,a] >t — x; € C([-r,0],R"™)

BEETH D, koT, Ba IH LT [0,a] 5t o Flz,) € R® b E@6THD, H
IR ][0, FHEAEHIMDATRECH S, & D, EH 3.1 ICBF 2544 (i) DT T, kil
z: [—r,a] - R"™ 2 RFDE (2.2) O#IHZEM zo = ¢ € dom(F) D T TORTHb L, «
DD R .

2(t) = 6(0) + /0 Flz.)ds (€ [0,a]) (3.2)

10 Bz HIABIE X IR Z ¥ B,



Zififz$ e EFAETH 2. 22T, ALOMETGEBRID Riemann 7 TH 5. EH 3.1
DFERH, AR (3.2) ZAESMEICHBiAA, Schauder O ARB)sUEH ! 25 H 5
52 TirEns. EH 3.1 OFERICE T 23 ML (21, Chapter 2] ZBMI 0.
5% 3.3 /N D SBRE Az0.

E3.2. B [-r,a) >R DIBRMTH2DIE x|, THB. 2T, B y: [-r,a] - R"
%

y(t) =ax(t) — ¢(t) (t € [-r,a])
LEDT, yo = 0 Rl THEGEEM y € O(—r,a],R") CHT 3 FHAMBELZ2 208 b
PHRFV. ZTIT, ¢ [-r,00) - R &

o fe) el
t) =

o {¢<o> (t > 0)

TEZ2EBTHZ. LD x5 y IZIREIE21E1E ODE OWHIEREDS S DFTH

FNAHY § 228, RFDE O5EIIX I THRENCIE R 5720,

3.1.2 #HEAEREDED—RMY
RFDE (2.2) o #IH{EE DO —E X, HERXDOGEAD F OFFT Lipschitz @i
I DIREEENB. KA D L.

EH# 3.3. F: C([-r,0,R™) D dom(F) — R™ &JaPR Lipschitz #fin2 dom(F) 1
BEr32. ZorE EED ¢ € dom(F) HNLTa>0BEELT, RFDE (2.2) &
WIS ©g = ¢ DT T—EWREE v [—r,a] — R™ ZFD.

ZZT, F 7 B Lipschitz &% TH 2% 1%, TE®D ¢ € dom(F) XL T ¢ DifH
U DFELT, F 2 UnNdom(F) IZBWT Lipschitz #ft 2225 5. £H 3.3 13,
RFDE 2xf3 % Picard-Lindelof DFE C THEIRNEZHDTH 5.

FEFR 3.3 DFEFIZER 3.1 OFERHE R K D HEK (3.2) 2AFRHBEICRBIALH,
DIFEIIHNGZROFE 2 2 V5. ZOFMIEIT 223, (9, Section 4.1] ZZHEH
720, BIGEMTEZE W 23RO W T [39, Section 3.3] BRI L7200,

TE 3.4, SRR INESROREEZHW 2 0T, EHE 3.3 ERHEE ¢ 25 Euclid 2=/ R® T
1372 < HEFRRIT Banach ZZRICEZES & 2D ILD. — AT, EH 3.1 Zida> o ME

LWL DN =T a v RH 30, ReEFAVIZE W, Schauder OFREIREIE : X % Banach %, C C X
EOWRERBAES, T:C - C 2E{EHRET2. Z0orE, T(C) BHEMNay 7 M eoiE, T 3F#H%E
Fio. ) AEHIZS 2 57 TV0iRWA, [21, Lemma 2.4 in Chapter 2] 2SR/,

2 INEROFRE X 2EHEHERE T2, SO E, NER T X - X 3R 1 00 FRHRERD.
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(Ascoli-Arzela DEH, Heine-Borel DEH) ZH\W2 DT, RABEE = 2ERXIT Banach
ZERNCEZ S & ZE IR D L7z 720,

32 WRESHBANCRATYTE

ODE (2.3) &xfLTH, f:R" — R™ 2FAT Lipschitz &R TH 5 Z L 13 (2.3) OFIHHE
MEDIRD—IICFET 272D D+ &M TH o7z, f HRFT Lipschitz #fETHAUT (2.4)
TEHRINZ F: C([-r,0],R") — R" % FFT Lipschitz #EHTH 255, EHE 33130
ODE &3t 3 2 45RO BALILIKRE 52 5. —A T, RFDE 3BEREERHZ TV, 0
BEPLFES L, ROFIHNTRT X512, F 2EAT Lipschitz i TH 2 L WS REFZLFT LD
HA TR,

Bl 3.5. EEEL f: R" - R & 7> 0L T, #MAoEsAER

i(t) = f(z(t—7)) (3-3)
2E23. 7 (0,r] IKHLT, EEEE F: C(-r,0,R") - R" ¥
F(¢) = f(¢(-7)) (3.4)

YEDBI LT (3.3) X RFDE & LTEJ2DTH 2D, f DREFT Lipschitz EHETRIITN
EF 25 LRIRSHEV. Lidl, MaEaHER (3.3) EED ¢ € C(|—r,0],RY) 124t
LT, VIS v = ¢ O T TO—ENLRKEEZED. Zhid t € [0, 7] T L TiE
t
x(t) = $(0) + / f($(s —7))ds

ELT—EBNRBER2IENTE, DB IhzXM [r,27],[27,37],... T&ITHEDEERX
.

FEEDE L, HEHEH f: R x (R")™ = R™ & 7q,...,7 > 0 T 2WDEDH

X (2.1)
z(t) = fz(t),z(t —11),...,x(t — Tmm))

GCﬂL'C %)ﬁj—‘5 Z Zi)‘f%%) Z@i%é\&di T = minlgigm T ZE( Z, *ﬂlﬁﬂ%ﬁ: o = qb S
C([-r, 0], R?) O FTHMAES AR (2.1) 1, t € [0,7] IBVTIHEFHFRD ODE

i(t) = f(z(t), ot —=m1),...,0(t =) (t€[0,7])
k3. LEdoT, (2.1) DROBE L —EMEICIZEEE

R" >z~ f(z,y1,-.-,Ym) € R"



D (Y1, Ym) ICAT 2 —FR7) BT Lipschitz #ftENHIUI KWV, 72720, MaESHE
RN (3.3) BIEEARD, RETANTD ¢t >0 TERINDZ RO RV, 2o k51, MrED
HEXROVHMEMEDEZ KD 2 H1E% X7 v FiE (method of steps d L £ 1E step-by-step
method) ¥ FER. X7 v FHEIZDOWTIZ, [9, Section 4.1], [7, Section 21 in Chapter V], [21,
Section 1.2], [39, Section 3.3] S iz,

3.3 ROBFFC—EMERICEITZREOKIK

3.3.1 Lipschitz & D50k

5 3.2 /NEICBIF 2 ERHIRET 2D, RFDE (2.2) OfHEMED RO —E I,
F(¢) ZBWVWT ¢(0) @ 0 2 0 (HADEHRPEETHZ WS T THS. Halanay and
Yorke [10] 12 &2 &, ZDIAEIZ Jones [23] BE TV LS5 TH 2. 7zt ZIF, [31, Definition
VI| ol E e LT, RO K 5 7% Lipschitz &f2E 225 2 e N TE 5.

%2 3.6. F: C([—r,0],R") > dom(F) — R" #BELF5. 0¥ X, KAKD 75 &
5% ro € (0,r) & L>0DFETS X, F I BEAECIEICEAL T Lipschitz TH 2 &
B9 L EED ¢1, P € dom(F) X LT, supp(¢1 — ¢p2) C [—710,0] R HIF,

|F'(¢1) — F(¢2)| < L1 — ¢2f|-

% ¢ € dom(F) IZALT ¢ Ot U BAEL T, F 2 UNdom(F) iIZHBWTHEIRE
WZBI L T Lipschitz TH 2 & %, F 1% 5EHIFEEIRICEI L THPFR Lipschitz TH2 L5 5.

EFR 3.6 DEKRT, (3.4) IXbERSINZFEH F: C([—r,0],R") — R™ 3G HEICE
LT Lipschitz TH 2. ZERZRHIE, ro € (0,7) EHAUE, supp(pr — ¢2) C [—10,0] 782
¢17¢2 € C([—'I", O]’Rn) a:;(TJ‘LVCa

F(¢1) = f(¢1(=7)) = f(¢2(=7)) = F(¢2)
EroTHs. $%bb, FIIFHRLECHLTERTHS. €& 3.6 XBFLEXEZ2DH D
L5997, [31, Definition V] OFFIRIGEL LT, RO XS BGFHEEZ LI eHNTES. DL
ToOREZHNS.
ik 2. ¢ € C([-r,0,R™) & a,b>0I1ZHLT,
To(a,b) = {@ € C1=1,a], R") 29 = 6, supye(q g [2(8) — 5(0)] < b}

LEX.

¥ 3.7. Halanay and Yorke [10] 258XTW2 X 512, Ty(a,b) & RFDE (2.2) O WA
T =¢ DT TOMDBEMEESTDH 5. 7, ERENDOBEEM N AERD R 25 [24]
IZBW T prolongation & I TV 3.
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EZBEMEIUTTHS !

(L) % ¢ € dom(F) LT, XHBWHILDE % a,b,L > 0 BHEET 2 EED
zl 2% € Ty(a,b) XL T,

|F(z;) — F(a})| < L||of — 27|

2zt x? € dom(F) &2 3XRTD t € [0,a] I LTHEDILD.

FoS&MH (L) Z [10, Theorem 1.1] 128 254 HIRE A0,
F 3.8. 2, 2% € Ty(a,b) I LT, supp(xf —z7) C [—a,0]N[-r,0] TH 2. ¥/, ¢ D
B U LT, a,b>0 2N LHAUL, EED v €Ty(a,b) & tel0,a] ITHHLT
Ty € U
LB EIICTESR 3. XoT, F »EMAGEIRICE L T/EFT Lipschitz & 512, F 1354 (L)
Ziii7z 3.
&t (L) 2T, [31, Theorem A] DFHlZSE L LTEM 3.3 ZRD L S ITHNRTE 5.

EHE 3.9. F: C([-r,0],R") D dom(F) — R™ 1&#HH»> dom(F) IIBEEL T2, &
D E,F P&EE (L) 234 61E, FED ¢ € dom(F) IZxfLT a> 0 BFELT,
RFDE (2.2) @3HIHISEMN v = ¢ O T T—EWZME x: [—r,a] - R” 2.

AEANCIE, B RER (3.2) 2AEAMEIRRE S ¥ &, {2 Z RNV NITH 5
ZrZErDHIUT IV, FEHITEE S 5.
F 3.10. (L) 2 ELlDZMIX, Halanay and Yorke [10] iI2 Xk 23X ¥ b 2 IFHNC X & X E LG
MIZRNTWS !

o FAZRIBIRM 7 5 L Melvin [27],
o MEFRENDBEM D HIER ¢ Seifert [36, (H4)], Kappel and Schappacher [24, (A3)].

TSI HERICOWTIEE 4 L BRE NV, $r, 3.9 b [27), [24] KB
BRI S L7200

13 ZNERZITE, 1= (20— ¢r) + b EARLT, [lze — ¢l < |z — e + ||de — ¢|| LFRMTIUS KV,
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3.3.2 F OEHMEDOREDKLK

RFDE (2.2) iBWT, F:C([-r,0],R") D dom(F) — R® O@#GENEZINET 2 Z L I13H
RTWEH 2P, TORENEHE 3.1 ODFHOLY ZICHVWLNTWR 2 EFANS. Z 2T,
dom(F) BHEETH 2 REL, FIHASKMA ©o = ¢ € dom(F) DT TOWHEMEEZE X 5.
831 /NEIICBWTHER L2 £ 512, F o@EEX D, @R 2 [—r,a] - R" 1T LT
BE%% [0,a] >t F(x;) € R® 3EFETH 2. Zh kb, RFDE (2.2) oW AEREEES S
R (3.2) ICHEWRA 2B TEZDTHo7. X518, HEEGRIIFFAMNCERTHZD
T, ¢ DifE U Cdom(F) & M >0 2H-T,

sup |F(¢)| < M (3.5)
U

LTE3. (35)1C&D, a,b>0Z2+/hS<Wd 2T, #MPHEKX (3.2) oADK DE
¥ 2EM% Ty(a,b) FOBCEBRICTZIHNTES. Z2TH, (a,b>0 2 T4H/PhEH
22LT)EED zely(a,b) EEED t € [0,a) LT, eU TEZIEZHNTW
3. Bonl-HAEGRE

T:Ty(a,b) = Ty(a,b)
rELZ2IZTA.

EDZEHUC Schauder DAENEEEZ A WS 20121, T DEGEHRTH O 2D T OEHMN
NIRRT b ThH2B e Z2RmITRERD L. T OBOMENTa > 7 MEIZIE Ascoli-Arzela
DEBEEATIEIVD, 22TD (35) THVWS Zick3.

MEoER XD, F OEGEOREZEDTHRBEMH 3.1 OFRDVBILT 2720121, 2L
ToMENHEZINTWIUZ LW 1 U C dom(F) % ¢ DFEFEEL, a,b>0 % z € U HHE
Bz €Ty(ab) EED t € [0,a] XL THDILDXIICHS.

(C1) EE®D z € L'y(a,b) IHMLT, BI [0,a] 5t — F(x) € R™ I& Lebesgue AIFED
TH5.
(C2) M >0H»FELT, FED zeTy(ab) EEED t €[0,a] ITHLT

|F ()| < M

DI DAL,
(C3) & x €Ty(a,b) ITHLT, Tya,b) B2 y— x OMRET

sup |F(y) — F(zy)] — 0
t€[0,a]

A RASH

INSDHEED T TRAMDILD !
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e (C1) i¢& b, RFDE (2.2) o##EMEZED TENX (3.2) KEEMRA LN TE
5. 12721, (3.2) OHAADIESIE Lebesgue fi571C7% 2 DT, EH 3.1 BT 2%
DEESZERD X SR T 2RELRDH S (1) 20 = ¢, (i) EED t € [0,a] WKL T
zy € dom(F'), (iii) z[jq): [0,a] — R™ IZMEXERT, ZLAEITRTD t € [0,a] I
FHLT (t) = Fla).

. (C2) 13 (3.5) OREWTH 2.

o (C3)1F, T:Ty(a,b) = Ty(a,b) DEFHEDIDITHETDHS.

iE 3.11. FoEKTOMIEX, IEBHR RFDE X3 % Carathéodory S5 D T TR
RV, JEBIFR REDE 233 % Carathéodory &fFIZDOWTIE, [21, Section 2.6] 2%
Rahwv, XRPRRLRR 55, [5, Lemma 4.4], 35, (H1), (H2), (H3)] S E iz,
Z 27T, LOBKTOME% Carathéodory DEKTOME LIERZ b H 528, (Cl), (C2),
(C3) & Carathéodory etF L 138K 5. £oT, ZOXETE LOEKRTOMLHIZ R L IE
N o e

(C2), (C3) obh 2 L2, BEERDIZ ¢ DEFEICBIZ F ORZBNTIERL, ¢ D
ERCE2EEE LTRONZEELETO F ORZ2MVTHS. 20O L ZHIRINTHANS
ez, UMToOREZEAT 5.
ik 3. ¢ € C([-r,0],R™) & a,b>0I1ZRLT,

Ap(a,b) = {z;:xz € Ty(a,b), t €0,a]}

CiE<.

FORFEIZOWTIE [32] BNV, TAFTHOWTERLEER, Ay(a,b) ZHVTH
B L TR THL.

R 3.12. ¢ O([-r,0,R") &L, U % ¢ Oiiffe35. ZOLE, Agla,b)CU &
%5 a,b>0 DHMND.

EH 3.1 OIRYE LTROEHZE 3.

EHE 3.13. g e dom(F) &L, ¢ O U % U C dom(F) £72% X 5I1ZH5. %7z,
a,b>0% Ay(a,b) CU &2 L5515, Zor%, F: C([—r0,R") Ddom(F) —
R" %% (C1), (C2), (C3) %77 7% 512, RFDE (2.2) I&WIHI%&H v0 = ¢ O FCH
x: [—-r,a] = R™ 2D,

F il 5% (C3) 27230 T, EH 3.13 3EH 3.1 OIFRICKE > TVWE Z L ITER
5. ZOEFEDEAE, EE, EH 3.1 OFRICEEN TS, [31, Proof of Theorem 4.4]
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HSRIRINT0.

BRZENC 2%, (L) 225 (C3) BMEIrNZ 2 THS. LiedoT, (C3) % (L) IKHWDOE
A THEH 3.13 OFRIZED L0, ZOHEDIFHICIEHENEGDOFHEZH WS Z e 3T
x5, LkpioT, (R Mo—EMEECRIEENS.

EHE 3.14. ¢ e dom(F) &L, ¢ OEfE U % U C dom(F) £72% X 5I1CH 5. %7z,
a,b>0% Ay(a,b) CU &2 L5515, Zoe%, F: C([—r0,R") D dom(F) —
R™ % (C1), (C2), (L) Zi%7/=3 7% 51, RFDE (2.2) 3HHIGME 20 = ¢ DT T—EW
B x: [—r,a) - R™ 280,

FIEERED EIRIZ [10, Theorem 1.1] IR HNTWS. [32] BRIz, £/, (Cl),
(C2), (C3) & [24, (A2)] ZLEEI X NLiz\0.

3.4 RFDE HE®H B+

RFDE (2.2) 23 ¥IH%&M (3.1) O T TO—EHRREM ©(-;¢): [-r,00) = R" ZFo ¥
&, BRZt > 0BT D “TERIRE X 2(;0) Dt KBIZEREUIA 2(-;¢); &%
ZRFHER SV, ZHUE, RTEHRSNS dom(F) C C([—r,0,R?) 12813 £Hh
G [0,00) X dom(F') — dom(F)

Dr(t,¢) =x(;0) (3.6)
DHFERE L TOMNRTHZ2 I ®#ERTS. Lz o>T, RFDE O& A F I 7 2D H¥LRH
ERIE, BRXITCHERDIL—L T — 2 BRETH 5.

E 3.15. R z(-;0) BDITRTD t >0 TEREINZ IR L VWE XX, FRNATIER L R
RN EEZ B ZLickb. MEZEBICET 28GR BITERAUCE T 2 — kgl e LT
[3] 22T 5.

4 RFDE YBEWS 52 (DDE)
41 BEMSHER (DDE) OXS

TIT, TRETERICLTELEEM Y TEX (DDE) 25 W3 REENZFROWMD 7T
BR 0 (BT LIBFENTRY) ERERNZ Z 21T 2. RHEK » =2(t) OFAI t € R
B ZEE @(t) 25 2 Dt DATOMWHR CDIRET 2 & 5 kln AR T BEMS AER
(DDE) %7-1% BBENEFOMOARER LR Tz 0t LEOHER, LW 502 EBAL
K LR T USEEZER LIS 2 R0, R oMz HiES VR Echctr
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TH5. RABY = @ t B 2BEEYIFIE ¢ DRME [t —r, t] ~NDHIR
Tligpy: [t =7, t] = R”

DFETHETH 205, LOFERIZED RFDE I3:EEM 72X (DDE) TH 5. %7, DDE
b RFDE tFEU &5 IC#EKFEZHA T, RFDE o L BRIT@EMEEORSR
ftz@EL7 DDE @& (120) #ENERLZEXTWEEEX 5.

42 HIUBHER

RFDE OE#FH» S22 X512, RFDE 23%¥ 32 DDE iI2BWTI, B 2(t) ® = Dt
ROBRANDKERID 2EDT r > 01T 5 x|p_py ~NDOKEFENEL LTEICEINS. %
#-, RFDE (2.2) OA7cENS F: C([—r,0],R™) S dom(F) — R™ 3HETH 225, @(l)
D &|y_ry) DEBEBADKEESBEZ N TVARV. Thbld, Theh RFDE (2.2) A%B
$ % DDE 3HERENTH D 00 TH 2 Z e 2EBWT 5. 22T, RABEE = = z(1)
DLl t € R ICBI 2EME ©(t) 25 z DB D ¢t LETOER 12 HKEFET 2 X 5% DDE %
Rir® LIER. ZoOMFEIR, MBS 2 FDE 2 R ® FDE (FDE of neutral type) %7z
¥ I BRI 520 (neutral functional differential equation; NFDE) & MR Z 2 IZH
KyzrEbhd. ZoXETEINLE NFDE icfihz Z i3 LARwa, NFDE I22WT
Bz 2 [21] 22 S,

43 RFDE & DDE £

RFDE ¢ DDE 0ZR%2# % 2 L TEER Z 1, RFDE (2.2) B\ T30 ERE™
BB IURBEYIR v, BT 22EM (Z2Tl1k, BEBRZER X)) » LU CEkRE%zEm
C([-r,0],R") OEHES dom(F) ZIEELTVWEIICHB. bbAHA, ZHUIIHhEF TR
AT %72 Krasovskii IC X2 BEEZKMLTWE DT TIEH 20, FlOBEMZERZHRHAT 2R
HMHERINTWRETTHS. 2, MurEnHiEL (21) BV, n,....7, >0 %
RIRX—RYFEZB. §5%, (21) # RFDE (22) t LTRLTHENS FIZdInbDrR
TRA—EREENZ LIk D. BRI,

F(qba T1y--- 7Tm) = f(¢(0)»¢(_T1)7 .- ‘»qb(_Tm))

%%, FTEE2EBR F: C([-r,0],R") x (0,00)™ — R™ |3EHT D 553, —IEFM AT
BETZRW. LA o T, BRDARIA—& 7, ..., 7 > 0 12T 2ROMHAIEEM X, RFDE
DGR, HE DRV, ZhUE, BAODATX—APBEBED TR X LR E 2R -
TW2Ze2EKT 2. 2218, BREBEKZER Y U GERRBEEED D regurality @ K WEIEZE
M (7z¥ z21E, Sobolev ZEf]) %iEIRT 2 R/RMHEL 5. FMIE [19] 2RI, [33] B
SRE 0.
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5 &HDIC

ZOXETIE, BAEBEHEMS HERX (RFDE) OEA & 2 0@EREFEEOB S TORHZ
To7z. —HB, FBHDETIA [2, Section 2] LEHELTWB & ZANDHINZDYID MIFEL
5. £, zOEMEHR FIPEMECROFEL —BH) KHL T, BB ER>TwA
WABIZOWTHI Do 7. ROVIIASRMICEE T 28R D iR T 2 RETH 53, K
Bo#sa L, AREI 221Gk o7%. BIEMIERX (DDE) O WERBEIRHICOWTHMTS
DENDHIUL, TOL ZIWZED V. £, WMAENTERXOBONR S EWDREEN DR
WEM 712X (ODE) & 2D X5 ICRR 2 0%, REKEFOENZROMD HEXOED
WIZOWTHHER LD o720, TAHICOVWTHEREI 228k o7-. KREKREFEDEN
ZROFERITONVTIE, [2, Subsections 2.5 and 2.6] B Ihiwv. X561, EWEEALD
BIEU 7 75 125 & B EBI R ZE R OBIN & W\ 5 Bl SRR, HARANBFEEDER D KE W
B THZ. IOV THEME LD, HRO D Z2HHIEHAEIC L2 L 2 —itH [30] B
FUEEE [22) 2B I, &DET, [31] dSEI 0.

W COFEBEPHETIREEEZTLE X572, 2021 F£E RIMS H£FRFFFE (WNFEED)
THEEMEIEN R L R Hig L ICH OB - BRICHENT T OMAERRKRETH 2 FILZEHEK
ZOHHETEREZCBILEL FITET.
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