Pure Mathematics EEi¥{%#, 2022, 12(10), 1751-1756 Hans Xl
Published Online October 2022 in Hans. http://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2022.1210189

SFFRMax Plus3$3F _E#H 2 I R

nHMaRE, gt 5, o BY

ks H i 20224F9 H19H ;. FAHHM: 2022/F10718H; KA H#: 20224¢10H26H

N B

ZIMAKRREBZRZOAN BT L — KCH TR REFERF N FRmax-plusE3F S R — T £ 0
AR FAELEERIBAK.

XA

AL IRCIE =7 W 27 E: ¥

Roots of Tropical Polynomials

over Symmetric Max-Plus

Semiring

Rui Sy, Jingbo Qin

School of Statistics and Mathematics, Yunnan University of Finance and Economics, Kunming Yunnan

Received: Sep. 19", 2022; accepted: Oct. 18", 2022; published: Oct. 26™, 2022

Abstract

Finding roots of polynomials is one of the core contents of mathematics. In this paper, we discuss
the existence and formula of roots of unitary tropical polynomials with coefficients on tropical
symmetrized max-plus semiring S, .
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1. 58

s JUAT IR T AR T 1970 4 [1], B — P @ AE R IR R, ERLA B PR B INE @
Feit: @ FIFZHIVES R, =RU{—0}, PFEIEX 1.

sk, NATRETE R U P sr— A “3ar” et R%, JRE—PIRTT “@ 7 i “ a7
A MR, BARX —SUR ORGSR RS, HVF 2 AR AR BIf R wtH AT
WRKE, Bl U 5% e s sces g &, plinfe i, mRE 58, SEs
WA I RS ITTA T 2 R [2]. FRATAT AR #vis JUT,  DA—Phekttk i 24 05 =k 2 [ A 1Y)
FELRPE R AR . A — SRR R R — D BIHTRIE RS, AR5 I B A AREU
TIVERRWSST JRAG REME R[2]. XFP 7k Oyl T80 2 DEURHEE M THE (3], e m] LA T3
BB 1 R G [4] -

RARR IS TUAT F Nk A AT, 1990 4E M. Plus 51\ T XHFK max-plus 238 S [5], Hrf&ea{x
#H “balance” KFEKREIR. M. Plus B4 | — Rl £3%, #EMHET 7 G. Minoux FEBE[5]. S, & #vir
LIRS, XL RS R . BEJSAE 1992 4, F Baccelli %f'S,,, FZ WA B R MR. BH
FUFE RS540 St T R AH S W RRUEEAT T IFFE[6]. 1999 4F, S. Gaubert F1 P. Butkovic ffF5¢ T 7E S, [

“Sign-nonsingular” #iFE[7141 “unbalanced” 47 %I RAERE[8], F20#T T PIANAE [ 2 [A]ff1 < % . J. Norton
F1S. Spiroff £ 2018 4Ei 16 1 AT IR i 4EH#ET [9]. C. G. Zonnefeld 7E[10]H 7T T #2354 1
IR AR AR o ARG LTI A I .

AR RFR max-plus IS, ER— 2 HAMR . BAME, CESH—o2 RN AL
PEHE BRI TTE o AR SCHIBETEXS S, bR A AFAE (B AVRAAE 1) S0 AU EEER, JFEFEET
et Z AT TN

SRR : B ARG LI AR (2.1, 2.2), PAKS,,, B2 e S R
(2.3). H=TTHHT R, EEBEARIEELER.L), HAW 75 S, 2B Z KR (3.2).

2. FEEIR
2.1. BEFETFR,
B [HER =R U{-0} , X T1E& a,beR,, &XINE® MIEUR:
a®b:=max{a,b},

a®bi=a+b.
PR(R o ©,®) AT EH . BIR “07 RIFERALIT, €= -0 B IMEE T,
EFRATE R LT Dioid £5#49[10] R i R2,, A%
(X', x"e(y,y)=(xX®y,x"®y"),
(X', x")®(y,y")=(xy @x"y", xy" ®x"y’).

H (X, x"), (Y, y")eRE, o BHR(e,6) REIT, (0,8) AT,
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EX 2 [5]8x=(x,x")eR:,, , EX
ox=(x"x);
|x|=x'@x";

X' = (. [x])
#abeRl, EX: acb=a®(cb).
MR 1 [5]5H T abeR:,, azb, WFERHKT:
1) a':(ea)':
2) wEM: (a) =a’;
3) Wulietk: a®b’ =(a®b);
4) xatk: o(oa)=
5) o(a®b)=(ca
6) o(a®b)=(ca
7) (0a)®(ch)=a®b.

2.2. MFR Max-Plus #3FS,
SEX 3 [5] [R KRB X=(X,X"),y =(V,Y") € Rip» X

)(—B(@’b);

X! @ yll — X"@ y,, % XI i X"ﬁ yl ¢ yll’

(XI,XH :(yr,yﬂ)l ;H\:/fm‘hjsz‘{ﬂ,

ATLAEGHIE, R KARLARL, FH—MEMK R,

5B 4 [B1L S e = R%, /R FRAAFR max-plus 3. % a,beR?, it (a,b) A (a,b) FrE MM K.
MR 2 [5]%Ft e R, 401 R 450 EOT

ny<:>{

i

B Sp =R URL, UR;, s {(6.6)} =Rby, NRL, R, o HEAE, B R, > RY,
a=(a,-o0) & ALIHAM. AFTERL, FXEARXS =%, MRS, =R, . #iiR.,, =oR,, . ¥
ML, MAERE SR o 3| =|08] =[5 =5 € R e - ELEEWIEA 4401 T 51 22,

I 1T a,beS,, » W RNELKTL:
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a, #ila| > o]k a=b;
1) a®b=1<b, #i[a<[o|;
|a|, #[a| =|b| H.a =b.
2) [a®b|=|aj@[b|, [a®b|=|a|®|b]-
W3 #a, -a,ceS,, fiffa® -Oa =cWEALE I ifFa =c, BAFE jk,fifFa, 2a,
Ha ®a =ceR, -
B i ={a |[a]=|c|} . HI5IH 1(2)%1,
fAxzc, Wl 11), ceR;, HFEjk, iffa @a =c.

2.3. S, LRYZI

X5 FIEMETRA 1 (x) =00, (8 ®x'), Hita €S, neN. &S EH—TEL TR
IS S [ ] - HBM, 5 X R e [X] = {@0o (3 ®X') & € R -

B (X) =@, (& ®x')eSy,[x]. %

cf =max{ja,|,---.[a, [}, MIfi 1 =@ . HEXEExel , #

[f(x)=@L ([a]®x), f*(x)=0],(a ®x'),

a,a R . ga R
Hba =168 e0R,, ;s & ={0a,3 €OR,, -
|a|.a € R} la|. 2, € R},
AR, (X)) R R E S, HABEf(x)ME—HE . RIEE S, ASRAED NI .
5l# 2

DO F (9 € Ry [

2) f(x)=f (o f (x), [f()|=f"(x)®f (x). i, MEFaeS,,
[F(@)=f ()@ f ()

Bl & f(X)=7T®x @58 050X’ @0 ®Xx0LeS ,[x], M " (X)=7TOx°®5®x" ®X,
f(x)=7®x° @50’ ®x®1.

PR 4 % 1 (X) €S, [x]. Hla|>[b| 443 |f (b)]>]a,] . W|f(a)

R T f(x) PE TR a, @ X", i |a] >[b|,
e a ®a" @Llak®b”|, | f (a) =|@)_a, ®a"|>|f (b) =

3. R, EESTRHMR
WS, AR £ () =0, (8 ®X' ) e Ry [X], te Ry, » B f(X)=t =R, A
Sy THOMR. 3T

>|f (b)| -
a,®a"|>|a, ®b"
@, ®b"

> ,

>

o

ro(f,t):min{t—ai,t_TaS,---},

re(f,t):min{t_zaz ,t_4a4 1"'}1

DOI: 10.12677/pm.2022.1210189 1754 S H


https://doi.org/10.12677/pm.2022.1210189

JiE, ZRIEH

AHEIE G, =1 (1), =r (f,1) . @r=min{r,r}.
41, (X)=2,@x0a,0x @, f,(x)=a,0x ®a,®x ®- . FH5IHLLLEHERIE.
5123

) f(x)=f,(x)@f(x)®a
2) 1, I A (x tERmaXLEI’JﬂE fi#:

)=
3) r, R f,(X) =t &R, ER0E—fF,
4) Fry<r,, Wt="f (r,)>f(r,):
5) #r,>r,, MWt=f (r,)>f(r,):
6) f,(0x%)=0f (%), f(0x%)=

31 R, tZEWMRAER,, LR
S 4 Ff(X)=t{ER,, THM Wt=>a,.
TERE W x = xR, W t=1f(x)="1f(%)®f(%)®a>a,-
S5[#5 #Ht>a,, M f(x)=t{ER,, THEHE—FEmin{r,r,}.
EH Mtsa i, f(x)=t5 f,(0)@ f,()=t Fff. H31E3, 1§ (1o f,(r)=t

fo (X))

. . t—a
#Zm>r AAE Kk, 15 m> L

f(m)>t.

t—a
FZm<r, MFEEj #Em<—2-,

f(m)<t. R,

6 Ht=all f(x)=t{ER , THLHZ M. L, EEEN{x eR X <r}.

BB MR X, >1, (%)@ f,(%)>t, MM f(x)>t.

SHER X, <1, BT 3(1), f(X)=a,=t. JIHMIE.

EEL f(X)=t7ER,, TAHMLHMN S t>a, . FpalH, #t>a WA x=r; ft=a,,
W5 REA TC TSR MR (X € Ry I X ST o

32. R, LBWMAES,,, LHR

SIET7 # f(X)=tfES,, THM, Mt>a,.

EH # X, € Sy 2 f(X) =t 1R, )rlUf(|x0|):|f(x0)|:|t|:tc M5 4, t>a,.

MR S5 #it>a), meS, & f(x)=tffF, Wm=r, HmeR,,

UERH ESIEE 2 %0, |m| A f(X)=t B, H5I3ES, |ml=r. & meR;,, W f(m)eR;, . MEHE.

SIE8 Ht>a i, f(x)=tH.

1) #r,<r,, W f(X)=t{ES,, THME—fEr,

2) #r,>r,, W f(x)=t REFHARE, /\”'Jjjr, or, .

W 1) R L f(r)=t. MAE3, t=1(r)2 () A

f(or,)= 1, (0r,)® £, (o, )= (Ot)® f, (,) = Ot 8t . Wil or, A% £ (x)=t M. HHEE 5, ()
I

2) K, f(r)=f(or,)=t. HPEES, (2FIE.

MR 6 #t=a,0ll f(X)=t1ES,,, THLH L. éﬁiﬁ@?\j{onstr,xo ;t@roﬁj‘ar'}o
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TEB BRI 5, 5 X, €S 2 f(X) =t KR, BT (%)) = f, (%)) ® . (|%]) @2
Bxy=rif, f(%)®f(x)=t f(x)= ()—t@)t—to

Hx,=0or=0r 1, f(x)®f (%)=t f(x)="f(or,)=t.

Ly, =or=or, i, f(x)®f(x)=0t f(x)="f(or,)=t".

My, =or=or,=cor, i, f(x)=t.
X x, =r i, f(xo):f(r'):t ®t=t.
2 |x| < r B, BRI 4, £, (1%])@ f (|%]) < f, (1)@ £, (r) =t o BEifi £ (|x]) = f, (|%]) @ f, (|%]) @t =

gk bRk, RO TR T 5T
EH 2 f(X)=t1ES,, THMIHMN St =a, . FEAlH, Mt>a b, #r, <r,, FEEAEME—HEr,;

¥, >, TRRABAME O s At=a ., FERAESM, SRR (% ||x|<rx =orHr] .

eI
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