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Abstract

Let G be a connected graph with n vertices. Assume that a fire breaks out at a vertex
v of G. A firefighter chooses a set of k vertices not yet on fire to protect (once a
vertex has been chosen by the firefighter, it is considered protected or safe from any
further moves of the fire). The firefighter and the fire alternately move on the graph.
The process ends when the fire can no longer spread. After the firefighter’s move,
the fire makes its move by spreading to all vertices which are adjacent to the vertices
on fire, except for those that are protected. In this paper, we discuss the firefighter
problems in the Cayley graphs of additive group of integers modulo n with the k-
element(k > 2) inverse closed subset. Firstly we consider the firefighter problems on
the 2-element inverse closed subset of Cayley graph, which determines the structure
of Cayley graph and puts forward the structure algorithm and the matlab language of
the algorithm. Secondly, we study the firefighter problems on the 3-element inverse
closed subset of Cayley graph, which also determines the structure of Cayley graph and
considers surviving rate, edge surviving rate and MV'S problem. Finally, we discuss
the firefighter problems on the k-elements(k > 4) inverse closed subset of Cayley graph,
in which we draw the Cayley graph in order of points, and divide the Cayley graph
into two categories according to the order of the inverse closed subset. Moreover,
while any vertex of Cayley graph is on fire, we consider the sufficient and necessary

conditions that a firefighter can control the fire.
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1. 5|8

BN K Manitoba 25 70 1) 5 25 e H &8 S5 H K2 b, F A EHLE L %K Hartnell $2 H 1
H 7 51 i @ (Firefighter Problem) [1]. A T HF AL 145449 5 BB K RE I Z A1 96 &, Cai,Wang [2]
P T BRI R R A

EX 1 [2] %GRANE AN AREBRR, v e V(G). 2 KIE v AIRRF, & /NHBE AR ZEE
{RP T S BN TS v 10 k2355, 108 sny (v); 24 KBENLAE B G G — AT S AR, & ST
B T B % REARS I TR B P I E AR A B G BIAEE 2, 1828 o (G), R

ZueV(G) sny(v)
n?2 ’

pr(G) =

F.Stephen #l M.Gary fE [3]H#23] | MV S #2.

EX 5 [3] WG —NE, v 2B GHIMERE— MR, 2o MO KR, H dASHEBG s B
A 77 L6 v Fragfh i B G i AR be i) i KT EOE 8 MV S(G, v; d).

B 5 48 L SEAESCHR [4)FRUER T, TR R IR E > 1, JUTRrA BGER k— 723G R A2
BT 0 1. PR, SR k— AR R TR R T 0 1 BISRR AR A = UK. AR B AR AT T 1T i @ 1R
BEPRISRI k— AR R R THANEE B — 8, F4EN S T NP E B

EX 3 [4] MRAFAEEE ¢, 15 pe(G) > ¢ > 0, ME G TN k— U1

X 4 [4] W lim pu(C) = 1, WE GHONh— R0,

20124F, F4E N &5 NAECHR (5] 8 T IUAEE R IS

EX 2 5] BG2E—MEHn MR m FUMERE, w € BE(G). HKEDuw KA
ABRIER I, T B AR — B R kg A AR, SR TR ORI Ko AN R SRS BT AR RO 1 B K T AR
AL A sn(G, uv; (k1, ka2)); 2 KBELHBAE B G 1 — %32 1 9 A g O BR AR IS, 5 97 53R BRLER — 28 IR
I ke AR JE TR RS Ry AN U SRE B 22 A ORI 0 T A B ) P SAE PR O B G B ILAR IS 1D
%P(Ga €; (kla kQ))a EI]

> wer () STUG, uv; (ki k2))
nm '

p(G,e; (ki k2)) =

TH BT 04 1) EAE A R B AN BRI AR 4k R it 9T, EPR B E 518 T B, JIEE 2 DL e B
HROT RN BRI TS, R AR BB T A IE I — P L SRR TR B, X R LS B2 TG
PR

EX 6 WD A—ANHE, ST PRl EE I BT R RAoAE S d, DLEET F i
Boa AT, 2 T HI & BRI EL, id8 CG(T, S):

DR Ve, y e T, Gyax=t € S, W a5y Pz Bl SN y IR « B — 25 I0ES:;
MR Ve, ye D, Ayz~t e SHay €S, Moy Wiz s —410ER.

EX TG R, SR G IT RIS I B G PHRLITAE S H, Wik Va € S,
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HaleS, WES NIEHH].
ASCNBIR B A, WHE 1380 P 74 LR B 3 Bl 5 i) L

2. FELFR

2.1. BkEEZTEH & EaYIERT el
T LR P, AR PR B E ool AR BRI B O3 AL, AT $R N T e 2

EE1®S = {abja <bHa' =0b) 2, LM nWHTE C;RREcAdKE,
n=lxm(l <m), IREEAFE) o 152X N ATHLRE CG(Z,, S) Wh;

1) %a =W, CG(Z,,S) R U._, Ck, HVCY N Ci = o(ki # kj, ki k; = 1,2,---1).
2)%{a:mlﬁ, CG(ZH,S)I%U;n:l Clk, E_VC'lk" ﬂC’lkJ = @(k?z 7é ]{Jj,ki,kj = 1,2,m)

3) BAFME Maz I, i a = AMaz I(A € Z*), W CG(Z,,8) &\U._, CE, HVCE N Cl = ok #
kj ki ky = 1,2, 1),

4) HAFE Mazx m, ff a = AMaz m(\ € Z+), W CG(Z,, S) & U, CF, HVC}
ﬂC’lkj = @(kz a k:j’ki)kj = 112am>

5) #AFAE Maz L Fl Mazm, ffa = \yMaxl = AoMaxm(\, Ao € Z7), W CG(Z,,S) %U;Ll ok
HYCF N Cl = o(k; # kj ki kj = 1,2,---m).

6) #7 a A2 UL E TLAME DL, B4 o XN EIIRE CG(Z,, S) 72 C,.

T ) s #E 0] LLE B eI 4R S AE Z, RIMELSEER — A n KB, B R A [ K
HHBEKK T ZHBAZ . 7 2, BE, n KBTI E S — A [ B K B EK KT
TR AN A T B, X T AN KO A TS AR — AN TR, — ANV B 2 R
BRI 25 R AL F I, B B 5 AR (3] . A T RAE LR e, RATA A
FE ARG ZuHE S = {a,b}(a < b Ha ! =), [HE Z, PR En, ZEEAS R XN o0
#£95={abla<bHa'=0b) FHYKAK.

YECG(Z,, S) 2 Z fE T AT S = {a,b}(a < b Ha- = b) - HHI3EHE,
Cea(z,,s) I KELE@ I SCH) R, C(CG(Z,,, S)) 2K B H)ZEm 4y SCHL.
AN n, S{a, b} (A n EEI e < | 2], % n NEBN 0 < 2 1)

§ith CG(Zn, S), Cooiz,.s), C(CG(Zn, S))
M ia < n i€ Max i MFFH0,ia(i € ZT,i < Max i)
W Max ia = b, i F50,ia,b

100 =1 (1)
wa=1+1
b= Mazxi+1

WHELx (Mazi+1)=n
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fith CG(Z,,, S) = {0,ia,b};Ccq(z,.5) = Maz i + 1;C(CG(Z,, S)) = 1
BRGREN(1), BEREFEm(m e Z1), fiffmx (Mazi+1)=n

i CG(Z,,8) = {0,ia,b},{1,ia +1,b+1}---{m — 1,ia +m — 1,b+m — 1};

CCG(Zn,S) = Max 1+ 1;C(CG<Zn, S)) =m
BN Mazx ia — b+ jia < n, #E Max j,(j1 € N, j, < Maz j1,1 < Maz 1)

FFF0,ia, Max ia — b+ jia (2)

WH Maz ia — b+ Maz jia = b, /75 0,ia, Max ia — b+ jia,b
o =1 (3)
a=1+1
Mazia—b+ j1a = Maxi+j; +1
b= Maxi+ Max j; +1+1
WHR 1+ (Mazxi+ Maxji+1+1)=n
fith Coc(z,.s) = {0, ia, Max ia — b + jia,b};
Cec(z,,5) = Max i+ Maz j; + 1+ 1;0(CG(Z,,5)) =1
HWRIE(3), BEEMFELE m(m € Z1), i1 m« (Maz i + Maz j1 + 14+ 1) =n
Wt CG(Z,,5) ={0,ia, Maz ia — b+ jia,b},{1,ia + 1, Maz ia — b+

nia+1,0+1}---{m—1ia+m—1,Mazia—b+ jia+m—1,0+m— 1}

Cec(z,,9) = Max i+ Mazx j1 + 1+ 1,C(CG(Z,,5)) =m
B E(2), HBFFE Maz j, [£15
Mazia —b+ Max jia — b+ Max joa — b+ --- + Maz j,a =b(j, € N, j, <
Mazx jp,)
)T 0,ia, Max ia — b+ jia,- -+ , Max ia — b+ Max jia — b+ -+ + jpa,b
180 =1 (4)
ta=1+1
Mazxia —b+ jia = Max i+ j; + 1
Mazx ia — b+ Mazx jia —b+ -+ jpa = Mazxr i+ Max j1 +--- + Jp
b=Mazxi+ Mazx j1 + -+ Maz j, +p+1
WR1x (Mazxi+ Maz j1+ -+ Maz j, +p+1)=n
#ith Cog(z,,5) = {0,ia, Maz ia — b+ jia,--- ,Max ia — b+ Max jia—

b+ -+ jpa,b}; Coaz,,5) = Max i+ Maz jy + -+ Maz j, + p + 1;
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C(CG(Z,,9)) =1
BNRE(4), BREMFAEm(m € Z1), ffifFm« (Maz i + Max j;, + -+ + Maz j,

tp+1)=n

Wi CG(Z,,8) ={0,ia, Max ia — b+ jia, - ,Maz ia — b+ Maz jia—
b+---+jpa,b},{l,ia+ 1, Mazia —b+ jia+1,--- , Max ia — b+ Max jia
—b+---+ja+1,b+1}---{m—1,ia+m—1,Maxia—b+ jja+m—1,---,

Mazia—b+ Maz jja—b+---+j,a+m—1,b+m—1};

Cea(z,,s) = Max i+ Max j, + Max jo +---+ Max j, +p+1;

C(CG(Z,,S)) =m.

FERAFER ARG b, FATSEI 7 iZEIE I matlabiE 5.

W CZnXS /& Z, /£ — Il 75 S = {a,b}(a < bH a ' = b) LHIYISER, CeznXS 2 Y13 K iE
73 SCH R, CCZnXS JEFl ok I /) 308, O FoR TN R n Ml a.
A, a,b(E n HFE M a < 2], % n iBHMa < 2 — 1)
it CZnXS, CeznXS, CCZnXS
CZnXS=0; CcznXS=0; CCZnXS=0;
n=0;a=0;b=n-a;c=mod(b,a);
if c==0;

Max(1)=fix((n-0.001)/a)
end
i=0;
while (¢ =0)

i=i+1;

Max(i+1)=fix((b+c-0.001) /a);

Max(1)=fix((n-0.001)/a);

c=mod(b+c,a); end

i; % Wy 75 B B Maxj J L.
Max; %Maxi,Max].
d=0; %1*(d).
for j = 1:1:i+1

d=d+Max(j)+1;
end % itE1IR(A)EFET 2.
d;j=1;

while (j*d =n)

=it
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end
i di=[0]; % W5 % /% (d)=n.
for y = 1:1:Max(1)

dj=[dj,y*al;
end
b=b-+c;

for x = 1:1:

abc=0; Yoabe ML E iy 4 I (] AR 5
for z = 1:1:x

abc=abc+Max(z)*a-b;
end
for y = 0:1:Max(x+1)

dj=[dj,y*a+abc];

end

end
dj=|[dj];der=dj; Y%der AT B iy 44 ) 1R A &
for p=2:1;j
dj=[dj,der+(p-1)];

end
CZnXS=dj,CcznXS=d,CCZnXS=j.

2.2. BIEEE=TEH & EaYIERT el

T 2 WCG(Z,,5) & Z, =i T4 S = {a,b,c}(a ! =¢,b'=b,a < b < c) LHIHLH
K, d % n, a, b, c W PNETHRR L~ PRIEL.

(DIE=JeHE {4, 5, b, # 9 RATHHE (2 - b #1, |4 — <] # 1, WXR CG(Z,,S) fEH

R AdAE 1A FH.

E=TCRAG, g I 4 G G RIBAAG — 3 # 1, 1§ - 3l # 1 WA CG(Z,, 5) B
N d A 2 (IAREE Tt

(BEZ TR {2, L chp, #5 8 — 2| =1, |2 — ¢ = 1, WKL CG(Z,,, S) Al A d M3 (R
I

K ool 1A LR K S %, BATE B AR = ol 74 LR E N 4 5k K
LANE] 24 = J018 P 1 58 b I E5 A SRR T —nili P 748, 18] 37E = o M) 15 B S SIL
B e A T AR SR T o BN B R A a, b, ¢ X DY B oK A R, X RATT
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BWERZJTW MW THES = {a,b,c}(@ " = &b~ =ba < b < c) LRI GRS KAE 1, F 2,
P 3o R = e AR S BRI, MG /5 5 SO = AL T T SRAT I 14 A R = A
BB L 2, B3 %R S R il {1,7, 18} ,{2, 7, 12},{6, 7,8}, N T Jrfaim &, FAic B pTmss i
Ni(i € Nyi <n).

WL 1 [6] WG r IENE, & A KIEE G HRke, W r—1 AN BT 51 ) DLEE F A I 8] 5
B AFEHRIIXAN K, BRI T A ) fe/NECH 2.

i 2 4R i

iR 22 R 5 1) R

Figure 1. Cayley Graph CG(Z14,{1,7,1
1. YR CG(Z14,{1,7,13})

w
—
~—

i IR 2 ER 4 1)

i 220 B 58 B

Figure 2. Cayley Graph CG(Z14,{2,7,12})
B 2. YIEE CG(Z14,{2,7,12})

BATTUER =i 74 S = {a,b,¢c} (@' =¢b ' =ba < b < c) LHYIERE=IENHA,
A 1, FRATAT LS — AN KAE = Jeid 148 S _EIREEE R e, 2 AW B D2 AT DATE P9 A ) )
RE A FEHIIXAS K, BRIGETI A e N R 2, R ITFRAT 15 e — N KAE =il P45 S B B R
B, 1ANTHBT 7 2P il 1 L.

T 3 WCG(Z,,9) RZ, fE=Juili T4 S = {a,b,¢c}(@a ! =¢b?
K, Xtn>6HMVS(CG(Z,,S),v;1) >n —6.

b,a < b < c) LHIHLE
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)i i 2R f

i IR 2R 5 B

3. YK CG(Z14,{6,7,8}

WEW: B d & n, a, b, c IR K ARE, #d =1, 4n =88, MVS(CG (Zs,S),v;1) =
3>8—-6=2, Hn>8M, n=145nBRRIR—FE, & 1, B 2, |8 3, A7 LT AL EEH
VU I K B A K TEvE A RRAE KRR, KK 1, B 2, 8 3, AAfESME, Bk R FE—A
M KGO BEE 1, R0 S K, AR E AR 4. #Fd £ 1, Xn > 6, BAR—
MK RBERETE CG(Z,, S) WIFEATEB Y 3 &, WnHE@ o SR S BUNT 6, 2R BARROL. WK
F6, W TR d =1, 48 EXtn > 6, MV S(CG(Z,,S),v;1) > n — 6.

Figure 4. A tree chart that controls a fire at 0
4. 3] 0 mE KRR E

K, M CG(Z,,S) & 1—1tH.

WL dE B AL 2 < p(CG(Z,,9)) < 1, Wi Lim™%5% = lim1— 8 =1, fif
LL lim p(CG(Z,,S)) = 1.

K, M CG(Z,,S) & 1— 1.
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UEWS: HEE 4, BN p(CG(Z,,9)) 2 "G5 = 1= 0. n > 6, MEBEMEAF(EH AL c (15
ACG(Z,,8)) = > 0, Riiliin =8, Ml c = 1.

EIE 6 W CG(Z,,S) RZ, FE=TCHH TS = {a,b,c} (@' =¢b ' =ba<b<c) LMY
K, Xn>8 H p(CG(Z,,S),e;(1,1)) > 1— &

UE WY 2BABL T B3 B0 IR W T DL ST 45 ) — 2% 1 A KRR I TR AL ] — ANV BT B 4 4
Hil K BT A TR ROIR B, aT R B B e & — kL E K, 2 T LIRS A 5, B
WL p(CG(Za, S), 3 (1,1)) = Zeen@CHIRD M 5 G ®) _ g 8,

nm - bl nn

2.3. BIREEANT =T F 5 L RYHRE 5 ia) &

FER T =0l 4 b, JRATTHE T S A B 42300 A 4 1) B B 20 D A BT AR BT R, f
7 ISR P P 12 4 R B b 5 I D 1 Dy — b, AN 18] 5,4 20 AN R RS 8R4 {(1,19), (2,18)}; K
6,4 404> s, XTRL S £ 2 {(1,39), (2,38),20}, FIFEA 7 HEE 7, FANCE RIS Ni(i € N,i <
n), MR T HUR I E B, 58 ST K IR JELFE R A RSB K 3 (43 B 5 N3

i I 220 PR 3 1 R

i IS 2 R 058 FE)

17 16 15 14 13 12 11 10

Figure 5. Cayley Graph CG(Z20, {(1,19), (2, 18)})
5. PLKE CG(Z20,{(1,19), (2,18)}

TR 7 W CG(Z,,8) 7 Z, ERKT =TT TS = {(@1,01), (d@,b2), -, (@, b))} (q;7" =
bj,a; <bj,j=1,2,-- i) ERIEEE, WRYSEERAE R — DT RE K, HA—/ NS 51 7 BT
PITHEE N Maz {aq, az, -+, a;} BIBT KIERAZE B KA 2> & E ) H ARG KA T AL

W AR T =70l 74 S = {(d1,01), (2, b2), -+ 5 (@, b)) }a; " = bj,5 = 1,2,--- i) £
LK, AR AT DLy B 5, 1T 2, IR ISR B iR, AT B 18— AN T RUE KRG 0L, R % 0
K, I 5, KA REMN O L EIE, B ab ZEFKEN — %14, d(a,b)= |a —b| R a B b HIERE,
FAYSEE AT E W & a, b FIFEE/NTET Max d(a,b) = Maz {ay,as,- -+ ,a;}, FICaRE#EL—
HEE N Maz {a1,as, - -+, a; Y HIFTKEEINT, —A4> 5 B7 KEEAH QB KT R 6 A H X TR ), AT O
BT 5 K R R A 2 K R BB H I i, SR8 AN O P S SE 1Y, AT A AT AL 55— [T )R
N Maz d(a,b) = Max {a1,as,- - ,a; } WIBT K3 A 2 LAFE I KA 2 8 58 B AR ARG KBTI AL

EI 8 WCG(Z,,5) 1 Z, ERT =0 TS = {(a1,01), (G2, b2), -+, (@, b), BY(ET =

Bt = bya; < byjo= 1,2, 0) RS, URYISERE LR N A K, T AN
GO TR S IUTE EEH Maz {ay, az, -, a;} B KIEREH KR 2 8 FIHE AR A KT,

UER: SR HE 7 BUE, ARYE I 6, ZLENTE 8, W R IR @ L DY i B KRR KA &
IERIHLARARE KT, AR 055 K, N 0B K TR0 NI & PidaE K, BRI
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SO 3 (R I) il i Bl ok B, BETT S 2 R A (LE) BB K, SR JEARE L R IA (i) # B kRS R
RGE 0 B30 (TR I0) I 28 W5 K35, 3T REESL 0 R4 (B3 il iy By k&, Z JegEar & Biu(Ril)m
B K b, B JE AR 5 B (TR I MBI KR B g 0 TR I (i) (i e 4 B i, TR b 5 3 DY i 7 2K
KRB KA = EIE B AR AR KT

g I TR KRS AR, (HR R EIMER KT =ml 4 S EAERA TR M ELK
BFEDLR B AR T AN T 3 K AR — I BT BRI OB FE AR A, N IR 205 18 13X
S i it

i B2 PR 37 Y

i I 220 8 5 )

— — —
29 28 27 26 25 24 23 22 21 20

6. YIEE CG(Z10,{(,39),(2,38),20})

EIE 9 WOG(Z,,8) R Z, LB KT =W M FHES = {(a,bh), (G2,b2),-- , (@, b;)
(a;7' = bj,a; < bj,j = 1,2,---,4) FHIPEE, HYSEENTRE —DTAE K — B E
AR OB I AR KT B Maz {ay, az, -+ a; } < L2328

HEH: = AR TR — N0 AU K, —ANTE BT R BRI fI KA B R A KT, AR
Yo B 7, XA RE LT E N Max {ay, as, - -+, a;} BT K84, FTCAREAS BIHLEE L%
IS A B S ABCR 7 K 3 1) s O N T LR B S n 1, S AR TR = e 3
8RR, BIRAIE RN S ELARER T Maz {a1, a2, -+ ,a;} P IGERZM S5,
REAER KT =08 A4S = {(di,b1), (a2, 02), -+, (@3, bi) Ha; ™t = bj,a; < bj,j = 1,2, i)
R SRS th— A B R R KA B R RE WS, FHERAEEYEE L

}

DOI: 10.12677/aam.2022.111036 298 I FH# e


https://doi.org/10.12677/aam.2022.111036

i 5

RN, A2 BT — FEAR A SIS B A B 1, FRATT A B RE 0 s KBGO0, 15t A& B 1) B,
m = Maz {ay,as,- - ,a;}, d R KIEHITHBE RN, 75t = 1B, 1 NEE K, d = 1; t = 28T,
2m+1NEE K, d=2;t =30, dm+ 1N EEK, d=3; - st =m -1, 2(m—2)m+1 N EEK,
d=m—1t=m B, 2(m—2)m+1+m+1 NEEK d=mit =m+18,2(m—2)m+1+m+1+m
MEEK, d=m+ Lt =m+28, 2m—2m+14+m+1+m+mPNEEK d=m+2; -
it =2m— 10, 2(m—2)m+1+1+m2 DMEEK, d=2m— 1t = 2mi}, 2(m—2)m+1+1+m?+1
NEE K, d=2m, ERERATEL 7P K8, 2827 2m —2)m+1+14+4m?+ 1+ 2m < n,
Bl 3m2 —2m + 3 <n, Mifim < H%‘/?‘f?g, WA Max {a1, a9, ,a;} < L‘/;’TS.

< ’m = Maz {a1,as, -+ ,a;}, & Max {a1,as,- - ,a;} < @ P~ 7 BEIRAS B 3m? —
2m + 3 < n, BUF—ANKRAETEIUEE AT — AT, — AN BT 5 RE 32 il K A& B AR E K
T, FARER € Max {a1, as, -+ ,a;} THIEITCEREZ S HX R B _E— N BT 2 gEg 12
il KA B R ARG K TS, EFERME R S 4R, — N B 03 AR B8 0 42 1) KA 31 R AR S K T
m, WRIELEE E Maz {a1, a0, ,a;} P& ITGEREZ M) S & FELSE KR K S0 LLE BT R
BT KBGO N T AT AR S R n, AR EUIER, 153 3m? — 2m + 3 < n, IMFEKX
TEZRWM TS = {(d1,b1), (d2,b2), -+, (@3, 0:) (@, 7t = bj,a; < bj, 5 =1,2,-- i) B, —DKK
AEFEFUREIRAE — DTV, — AN BT 52 RS 1 ) K AL B H ARG KT AL

EIE 10 W CG(Z,,S) 1 Z, FERT = T4 S = {(an,b1),(da, ba) -+, (@i ,bi), B}(E =
Boa;t = by a; <bjj=1,2,-0) FIIYUGEE, HYSERIEEE AN TR K, AT R A
Pt KRB AR KIS 4 BAUY Maz {ay,a0, - a;} < ZR/A2AT

WEHT: = AU E B8 A1 7E B 9 UE W] i U BE & AU ARF 5, 25 — A KOR A AE B3R B AR — > Til

R, AN BT 5L RS 45 ) K AT B H AR ARG K TH A, T AR R 78 B8, SX AN 7 51 22 57 DY 1) 5 &
N Maz {ay,aq,- -, a; } BIBG K, HR4E 2 2 8 PIAE A, SEbr b 55 s 4% i 55 — sk, 28 DU o Bs 4%
)28 = Th B, B S i 2 0 v a] 1) R e s EE B — T B0 (] 1) BR S S AN B 2o, 5 DY TR
2 2 o a] B A A BB =T ) 2 o (A] AR RS SR N B m, BRI R SR L B RS F 0 o R B
198 AN UM S DU T 55 21 2 v (8] A RAGE s N, B fi (0 = 1,2) 25 TR 0 o Ia] A A ke s Y
ANEL, fi(i=3,4) R HEBER] 2 PP E RN, At =10, fo=0,f1=0,d =1t =2
I, fo = 0,fs = 0d = 2t = 3 B, fo = mofs = mid = 3t = AW, fo = 2m,fo = 2m.d — 4:
st =mh fo = (m—=2)m,fs = (m—-2)md=m; -+ t =2m— 1B, fo = (2m — 3)m),f, =
(2m —3)m,d = 2m — 1;t =2m B}, fo = 2m —3)m + 1),f1 = (2m — 2)m,d = 2m;t = 2m + 1 B,
fo=0Cm—=3m+1),fi=0Cm—1)md=2m+1; - t=4dm — 18, fo = 2m —3)m + 1), =
(4m — 3)m,d = 4m — it = 4m B, fo = Cm —3)m + 1), f1 = (dm —3)m + 1,d = 4m; M
Mfi=fo—m=02m—4m+1,fs = f1 —m = (4m — 4)m + 1, XFERATE L T DU TH B K 5,
GEH i+ fotrfat+rfi+2+4m < nBl12m? —10m+6 < n, HHIm < @, Kt Maz

5+I2n—A47
{ai,a, -+ ,a;} < 1 .

< RPFE B9 MUY, W R PR E AR AR E K, Maz {a1, ag, -0} <
SEIIAT i, — ANV By B AR 5 ) A B H AR R K IR

Wm = Max {a1,aq, -+ ,a;}, NEH 9 FEI 10 7] 7, KT =0l A48 S _ErgsEEm
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i F

EE AR K, Ba—DEBT RIFAREREE KT =70 i 74 S LIPS KA RE=
BB HARARAE KT, PRI 22 AT B 03 25 P2 JORARAT L ). ph g 2 9 ANE B 10 AOIERA, AT
AT AR 22 AN B ok LR B AR — A B KIS, 3 n Mlm Z AR R, Fi4b
AR5 € 2 9 AE BE 10 FATTRERT P 2 HETL.

i 1 % CG(Z,,9) & Z, BERT =TS = {(a,b1), (G2, 52), -+, (@, b))} (@71 =
bj,a; < bj,j=1,2,-- i) FRYEE, FYUEE LT — S o3& K, MR RS —1H & N m 1)
By K 3 E 2R — N T AU A A o B &7 R A6 THEL, BA (v + 1) (mod n) CREE 1T AL
B ((m —2)m + 2) NI, M RREE T R A m 15 K8 B RS — AT 2 W o v T L 7 [ T

G UL (v — 1) (mod n) HOREE 1 /NTHET A ER (2m(m — 1) + 2) N TR

HEL 2 WCG(Z,,5) R Z, ERT MM THES = {(a1,01),(d2,02), -, (@, by), BHET' =
Boat = bya; < by g = 1,2, ) FIOSUERE, FUUEE L EEE— o Bk, RS —
T JE 5 R me B B K08 58— AN T R T 35 o IR 1 77 ) TR A6 113, BA (v + 1) (mod n) N
B 1ATEE S B EE (2m — 4)m + 2) N TR, K RCER T S FE 9 m BB K85 R 38 — AN Tl
IR E K ((v + 2)mod n) BN £ 77 IR 6 1AL, B (v + 2 + 1)(mod n) A5 1A THEU A
B (2m(m — 1) + 2) ANTT, W RRER =T 5 BE A m I K3 8 — AN TSR 05 v &7 1)
T4, A (v — 1) (mod n) MR EE 1AV A B 58 ((4m — 4)m + 2) AT, #4 REE DU T E BE 9 m
(RIB7 K His B S — AT RURIEE A (v + 2)(mod n) SIS EET7 R EETHEL A (v + 2 — 1)(mod n) fil
NE TR SIS ((4m — 3)m + 2) T

EEUH

F H R B3 & 10 H (11761070, 61662079); 20214F H7 58 48 5 /R H 6 X H R 3 & B A T
H (2021D01C078); 20204FF $EITTE K7 —HE b, — IR H % ).
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