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Linear Equivalence Self-control Retarded Functional Differential Equations

and Solutions to Ordinary Differential Equations
XIN Yun-bing
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: In this paper, linear equivalence of homogeneous linear self-control retarded functional differ-
ential equations (RFDE) and a particular homogeneous linear ordinary differential equation were discussed.
By using some basic theoretical knowledge of advanced algebra, the necessary and sufficient conditions for the
equivalence were gotten. An illustrative example was given to verify the correctness of our results.
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x(t) =1(x,) (1)
Z AT SN TR — SR M T T T R
x(1) = Ax(1) (2)
ZIREIRE, S8 T MRS T A XM RS M KTE TR B, R (1)
ZIEREE O OTRE (2) 2R, Tk, A4 (2) ZMWEE IR (1) 2. XHEx e
R, iz, =x(t+60) ,:=0,0e[-r,0].
SIFE 1 AAEfER, A FRA (1) Z%4%E T(1)CRAHRYER, HAEECH m, WMHAPTEm
AEYETC B 5 x, (@))%, (@,) FREI—d1#: (x(@,) (1), x(p,) (1)) . =1 -r KL

IR % BB R (1) = D(1) B BIMEALE (1 -1) = (x(@,) (1 -1) - ,x(@,) (1 -1)),
XH B A m x m HERE.

iEBA R T(1)C & m debhasia), FrLA, Vm DRI EMEE T()e,, -, T(t) @, HIER
—H{F, BIT()C = L(T()e,, -, T(1)e,) , HHs=08 T(t +s)C = T(t)T(s)C C T(t)C, FF
YEE

(T(t+s)e,,T(t+s)e,) = (T()e,,T(1)e,)F(s), (3)
Hor F(r) m xm 8. ic (T(s)e,,,T(s)e,) =T(s)(e, 0, , A (T(t +i+h)o, e,
T(t+1+h)p,) = T(t)(T(t+h)e,, -, T(t +h)g,) = T(1)((T(1)¢,,,T()e,)F(h)) = (T(1 +
e, T(t +1)e,)F(h) .

W, AEhX 3) EEEE (TG +t+h) e, T(t+t +h)e,) = (T(t +1)e,,,T(t +
Do VF(h) , R F(s) AUCRERE T(D e, T(1)e, FRILIERREEME. FHibf.: ([T +1 +
e, =T(t+t)e J/h,,[T(t +t+h)g, ~T(t +1)¢,1/h] = (T(¢t + 1), ,-,T(t +1)¢,)(F(h) -
F(0))/h. b, FIAMAELE M, HAXTE—FEE 0 e [ -r,0] BOL (x(@,) (t+1+0) -,
i@ ) (t+t+0)) = (x(@)(t+t+0), -, x(p,)(t+t+0)F(0"). BIEFEN XAk RAETEHES
AR F(0*) WAEE. 75 LRI O = -, HCF(0*) =B, 188 (i(e,) (1) ,-,%(¢,) (1)) =
(x(@) (1) ,,x(@,) (D)B 1 =1 —r. WEHAFLE 1, I (x(@)) (1), x(e,) (1)) BT SCGEHERFEAF
1, WATLATRE B = (x(@,) (1), ,x(e,) (1)) 7 (2(@,) (1) ,,2(0,) (1;)) .

WT()e, -, T(t)e, & T(1)C T rn—HLMEIC I m &, Wi 30 S Uk 0 A T R G il
(x,(¢)),x,(0,)) = (x,(@) ,=x,(0,))G. TiE, (x(@,)(t),x(p,)(t)) = (x(g,)(t),,
(@) (1))G = (x(¢,) (1) ,,x(¢,) (1))BG = (x(¢,) (1), ,x(¢,) (1))G'BG . "L, HiT(1)C
HAS ) A R 2 A5 30 1) 5 7 R B SR AR RL Y.

EE 1 XFaborEdl (1), SHMRIESSRAN, BAEMS T()C 2 n 450, Wy fRd
(1) WAE—fF x(@) (1) Mt =1 - r BB T REGTEREF M (2).

R B (o), (e,) B T()CH—HEE, HIEM =1 - r B, [x(e,) (1) x(0,) (1) | #
0. AR, e, HHETE, MEEIERETE (1) = B'y(r) BHEAM vy, (1),--,y,(t) ) Wronsky
IR E, FTLL [y, (1) -y, () | = |x(@,) () x(@,)(t,)|” = 0. BRI EIBH,
FAEAETE n 4E5 4 g, 1 (v, (1) 0y, ())g =0, t=t-r. TR (x(e)(t),,2(e,) (1)) =
[y (1) ooy, () g]" =0 XTFBRH (1) ZAE—x(e) (1) , Hx, () e T(1)C, FTLL k-,
k, e R, f#i

6 (p) = ik,-moi). (4)
K

TiEa(e) (1) = (x(%)(t),'--,x(som)(t)){ :
k,

, WA @ x(0) (1) =0, =1 -1, XULHIFEA
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(1) ZfpRm SRy, SEErE, Il (@) | = [x(e,) (1) -x(e,) (1) |#0,t=1-r.
S L, @) WE D(1) = P()B, BN @)D (1) = WHEME. HhREEH o' (1) =
D (1)/|@D(1)| = (B (1))/|D(1) |, EH B (1) 5 D) PEBEERE, H B(e) HELEAT IS T
@' (1) WEELEN R, T2
A[ DD (1) ]/dt = D)D" (1) + D(1)d[ D' (1) ]/dt, (5)
H ()@ (1) =1, Pk G @(0)d[@7 () ]/d =~ ()@ (1) . HHLRAAR (4), 4
AL @)D (1)]/di = B (1) + B() D™ () D()A[ D7 (1) ]/di = B(1) B (1) - B(1) D™ (1)
DD (1) = D(1)BD (1) - D)D" () D(1)BD (1) =0. T D)D" (1) = WHE, iDWA,
WA (1) = AD(1).
PRAETEPAAERE A R R4 (1) ME—RIERY, JEARBE T(r) C hEERyEBOmMkAE. F b, #%
x, (@), x (@) S T(1)C HI 5 —d13E, WAFAET S G 15 (x,(@,), %, (¢,)) = (x,(¢,),
(@)L B W) = (x(e) () -x(,) (1)) , WH W(1) = B(1)G. T, ¥(1) = B(1)G =
AD(1)G = AV(t) , BN A ZME—1.
o (1) WAE — B x(e)(t) , & A Tk ek, D x(e) (1) =
k,
(x(¢|)(0'“x(¢n)(t)){i
k,
k,
A(x(¢1)(ﬂ-"x(¢n)(t)){i
k,
FERE 1 AT IFSEIHES 1.
Wit 1 1 BAMT, TREA (1) 2SR (2) ZMEN.
W BT a(e) (1), ,x(e,) (t) AITRA (2) ZFEARMAH, Hws RIS Ry

k,
, TR =0 - r B, x(e) (1) = (k(¢1)(t)°"x(¢”)(t)){ E} =
k,

= Ax(@) (1) . EBFHLE

(2) ZAE—RTFREN x(1) = ikix(%)(t) im0, A4 (1) 2.

TR, AR AR B ROUE TR (1) ZM SR REGTAME W 0 PR Z iR 4
M FEZESME, BB 2.

EE2 an AR (1) 5E—%RZESFLEE MO T BASFN MR AR, Hgasm2dE
SAEAR, H 3 ol T(r)CJ2 n iR,

IERR FortEnT e 1 £33

WEE, FTRRA (1) 5B (2) WYE o i BREZ S, M RE (2) ZMEASEN n 4k
W, TS ¢ RFET o - r RO (1) ZMEZSER n 4809, BrLL, T(1)C & n 45/, XA
FESRRA (2) PRI Wronsky 1191 NE, FREIEA (1) ZRAE SR,

A2 B 2 A LAFS RIS 2.

Wit2 & I EY (1) MMET)C RARYER, M RE4 (1) Z2MEAE£AR
kl

x(@) (1) = D" Jt=t-r, XED HnxmM, BMmxmlf.

k

m

R Bx (e, (e,) I T()CIH—4EE, Bl (1) = (x(¢) (1)x(g,) (1)) . HFIHL,
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D) HEHED() = D()B. HILHELR O() = (1 —r)ef | WipEgl (1) ZAT—HEa%E
k)
D=t -r. TERTCED = &Gt - r) (B85S 2.
k|
Wit 3 EAEME i RRE (1) ZM5ET()C & n dEny, HIMIEIE S SBny, WHAT—f

i a(e) (1) = &(1)

¢y
BAEEEIK (D) (1) =" : }, t=t-r.
c".

UERA  AHEHE 1 n]f4.

2 fBlF
Bl Sk (1] e

x, (1) 0 1 0fx(-1)
xz(t)}{o 0 1}{%@1)], (6)
%, () 0 0 OlLw,(t-1)

BHRR.T3)C = [(@,,0,,0,):0,(1) =a+ (b -c)t+ct'/2;0,(t) =b +ct;0,(t) =c;5t € [2,

1 i /2 -1
3],a,b,c HHEE. 7ET(3)C hEUH—HIE. ¥, (1) = {0},;&20) = {1],%@) =[ ¢ },te [2,

0 0 1
31,18 @(1) = (¢, (1) .4, (1) g, (1)), (1 € [2,3]) , HTIFEL, =2 WL (1) = d(1)B, HIl
01 -1
5%, B = @' (2)P(2) = [0 0 1 ] il @(1) = D(1)B FAASIE D(2) TS &(1) =
0 0 0
1 ¢ 272 -1
[0 1 t },taz. \@(2) |0, MM (6) BIESASRMR, HEM2 MurE4 (1)
0 0 1

ZIEM GRS TR x(1) = Ax(1) Zff. H D(1) = AD(1) BiF. A = d2)D'(2) =
0 1 -1

0 0 1]. MU AESBE MM ITEA x(1) = Ax(1) B —BESL N, x) =
Lo 0 0

Ta+ (b -c)t +ct’/2

b+ et ] e 2 nfAn, ERECR A RRA (6) 18 = 2 BHfip—f kA

L 1

B2 R

(1) = (o) + [ Tdn(0)1x(t +0), (7)

-r

5/2 4 3/2 —(cos 20 +sin 0)/2 - (cos 260 +cos 6 +sin ) — cos 6/2
XH A, = -3/4 -1 -3/4|,m4 = (cos 20 +sin 0)/4  (cos 20 + cos 0 +sin 0)/2 cos 6/4 |-
92 10 5/2 (sin 6 — cos 260)/2 sin @ — cos 20 —cos @ - cos 6/2
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1 0 1
Ay = Fx ,F = {0 2 1}, WHRBRH (7) bk
1 20
(1) = Ay + [ Ldn ()13 +6), (8)
2 2 5 0 —-cosf@ - cos?20
XH, A, =[0 1 3],111(0) ={0 0 sin 0 ]
0 0 1 0 0 0

WA R, AR (8) ZMRAE T(3)C 23 dizsn), HZIESSBAW, difEis 1 B
(8) ZMHEMTHMO A y(t) = Ay(r) MR, TR, HEH (7) ZWBESEM THMS R
x(t) = F'AFx(t) HIfi#t.
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