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Abstract

The cover cost of a vertex v in G is defined as CCg (V) =), H, , where H,, is the expected

ueV(G)
hitting time for random walk beginning at v to visit u. In this paper, we study the cover cost of
trees and characterize the unique tree with the minimum cover cost with given degree sequence.
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1. 518
¥ G HAHTAEY (G)= v,V v, | ML E(G) Hf B mA. E%vddm,vmﬁ%ﬁv
SRR, i d(v)Fs. 2 d(v)=d,i=12n, WHAEES 2 =(d,d,, - d,) A G HIRLR

T T
Mmm%ﬁ%ﬁ@G%%ﬁﬁﬁﬁ%ﬁ%ﬁ,chn=zmbmﬁ(@ﬂ:%zw@DJw,ﬁi
Do (V) =2 (o) o (VaU) « ELEVHLAE, Wiener $EH(E S Pl 1) 2 BE 7T, —2e45ig ml AE1] [2] [3]

R E.

FATHRA (T, r) 2 AT r AR EOH, EXANAERB A, B (vou) Rost T @ i v, u 1IME—i%,
dr (v,u) NEE R (v,u) BIORIECH, TR v B SO hy (V) =d; (rv) o 7E(T,r) X TEEHADA
FIRIT A U, v, WER P (rou) P (rv) s FR Vo u BIJEFP A, us v RIRT R 2R v A u 4R E
d; (r,u)=d; (r,v)-1, F u 2 v ¥ parent, v /& u [ child. QIRFENT A u,v A [F—A> parent, WFKu,v /2
siblings.

2008 4, Wang Hua [2] %/ i 45 5 ¥ F7 51148 Wiener 550/ MU HIR R 0258 . 2012 4F, Georgakopoulos
[417EE G e ST THs v IR 33 A CCy (V) A& M v TR BE NI AE 22 B v i A T0 A - 249 5 TS B ) 2

A, HICC, (V):ZUGV(G)HW’ W T AR . 2015 4E, Georgakopoulos 11 Wagner [S]7EE G
g SCT TR v R 7 7 A RC (V) =, wio)Hu » FREAFE] TR H 22 A5 Wiener SEEOCR 1)
AU 7 565 AR 5 Wiener $ iﬂl?%%ﬁ’]“iﬁ B T4 T AT veV(T), A
CC, (v) = 2W(T)=D, (1)
RC, (v) = (2n-1)D, (v)-2W (T).

TATTHf 8 T 45 58 WY B0 (0 78 26 BROAS, IR 1) 7 i AR R B A I (R AR B AN AR 1] . 2019 4, ZE-HAE
Fiam[61/ER & v BP ARG OL T, ZA0iE HH 7 25 AR /IS B R ) i A S /SRR, R 81 T R ) i
A K ME—A . 2021 4F, SRERECNZ-BHI[7]ES & BAS, VLECEORIE I OL T, 19 18 55 A
S IR 7 i AR B RS, FEZE 7R R AR

BT UL EWEAR, ARG @ P AIMEGL T, ZIHE H 7 55 oA s/ .

2. TR

T A A S B ) — 252 e 2

%ﬂzl[S] SHFRE T FTL VEV( ), H

Cr (v)=2W (T)=Dr (v),
2n-1)D; (v)-2W (T).

Cr (v)=(
FESIEA L(T)={veV (T)ID; (v)= Dy (), VueV (T)}-
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ST %%

REH 2.2 [6]. FEAM T, veV (T)XHHM2CC (v)=min,,q CC; (u) 2 ALY
RC; (v)=max, ., RC; (u) . fEZiveV(T), v2EH .

SEX 2.1 [2]. gAML, SUAERIE I N R S AR SEA

1) WO A A 44 v (1)

2) ¥65 v AHAB K TSR A AV Ny oo s IR BT S AC P A B RE ELI AL dl (vy) > dl (v, ) 2o+

3) 5 5 vy AR AR B TR AR A N Vi Ve (v BRAR) S SR I T 43 L AT RO B K R L 2
d(Vyy)2d (V)2 oee s TRV, Vg, RS

4) XPTEHa 4TS E S 3), BUE T A4 B SO T A 1 A fir 44 AL TF 4R .

M T 58 SCrp AT BLAG SR AR B T

SEE 2.3[2]. LRI T2 00380, an 5 2 1 1 24

1) v BAHEKE;

2) EEMAMM T REEEEL R 1

3) MW FAEREMATE u fw, Wi b (w)<he (u), Wd(w)>d(u);

4) oA AR AT AN T u,w, W d (u)>d(w), Wld(u)=d(w), u,w 2502 u,w i
JERF R AW A ]

5) AT AR s AT A A TS u,w, W d (u) > d (w), Md(u)=d(w), d(u”)>d(w"), u,w
4390 7& u,w 1 siblings, u”,w” 7l u,w ST, u AT WO EEAR TR, U R w s EEAH T .

Bl 1. FEFP4U(4,4,4,3,3,3,3,3,3,3,2,2,1,-+-,1) (1 MEACH 15) 1 sr 854 =] 1 iR

Figure 1. Greedy tree with degree sequence of (4,4,4,3,3,3,3,3,3,3,2,2,1,...,1)
1. BEF%4(4,443333333221,.. 1) RER

3. XELER

AT e PSR OB A A, 36 ELRR I T A AN O A AR

eSO — B, BB B LT 2 I, WA VR LE, I A
YR 2, 5 AT T IR A9 X Yoo+ 8 2 FE T U A Y, Yoo o X, Y Z (i=1,2,0-)
FR A RT3, X FY A BIFEREV (X, ) UV (X ) U FIV (Y )UV (Yo, )Us S

TR, W 20 Rk BN (X)) 2V (%)

T, Y, z P X X, Xe Xok
. . TS o i~
»iin z Pox i X P i X

Figure 2. The components resulted from a path with z
2. HADR z WAL X
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SEHR 3.1 LI ERRROREIE R, W i=1,2 k, BRIV (X)| 2V (V)] TR AR i
V(X))

A 1%%*&EIETE$X¢EP|V(X |2V (Yo )| AL, FHEHE A X, AY,, BB A I 8 A
2 A AR S TR A AE B ASEV (Y, YUV (X, )ty 588 X FNY, RIAr B, X s 2 AR EE B AN 2 25
P A — AR TRV (Y., ) UV (X, ) Bt 5L

St EW (T)-W (T), 488 N PUARE

1) FHFV(X)(i=12,k) ¢H@{£~]ﬁ,ﬁ$ﬂ Xo AT T0 5, 283 X, RUY T E, P A2 A
BRI 21, U8 Wiener SEHCEIN Y (20)V (X,)|V (X

2) FV(Y)(i=12k )EPEI’JE Tﬁﬁﬂl X>kEPEl’JE ]ﬁ,ﬁ\, A X, MY, IALE, PR
BR B/ 21, UL Wiener FEE0®> 3 (20)V (Y, )|V (X

3) HFV(Y,)(i=12 k) FHAE— ]ﬁ,ﬁﬁ&kﬂPE’JE ]ﬁﬁ AH X, A, BIGLE, A F R
B 20, Ty Wiener S50 3 (20N (Y)|V (Y., )|

4) MFV(X)(i=12, )EPE’JE~W5$DY>|KEPE"JE~W R B X, A, IGLE, IR T
BEESHEN 21, UL Wiener FE¥U8 Y (20)V (XM (Y.,

LR Lo, SSH X MY, AL, R W (T)-W (T )=Zi:l2i(|\/(Xi)|—|\/(Yi)|)(|\/(X>k

RIEEEL 2.2, 4 CCp(x)=min, ;- CCr(v), Mxel(T).

% 1. xeV (X, )(1<i<k)

>k °

) _|V(Y>k)

)

JEI, Dy (X) =Dy (%) = 20 (V (X, )| =V (Y )|) » U512 2.1 7745
CCy ()= CCy (x) = 2(W (T') =W (T))~(Dr. (x) - Dr (x))
=2(Vv(x. I(xMZuﬂW =V ) -i)
<2V (Xl OO Z (2 (W ()] =V (n)])-2)

é’u|v (Yi)|(i= )Hﬂ‘ e X Y WAL E, 7 A AN

Z?Enﬁﬁh/ D>V (Y | Yy (2i(v ()= (%)])-1)> 0.

BV (X, )| <V (Y., )| T CCr (X)-CCr (x) <0 .

B4 min,, CC. (v) < CC; ( )<CC; (x)=min,_, CC; (v), FrbL, =& X, MY, WA E, H/NVEG

FRAANEE TN

5K 2: xeV(Y,)(1<i<k)5HE 15K,
5% 3: xeV(X,,)

X, Dy (x)-D; (x)= 3 2i(|v (X)) =V (%))

FIFIBIE 2.1 (A AT CC (x) - CC; () = 20, 21V (X)) = (Y (2(V (X -V (L)) -2) -

BBV (X, )<V (Yo )| TR CCr (X)-CCr (X) <0

.7'jm|anC (v)<CC, ( )<CC; (x)=min,,, CC; (v), FrLL, 28 X FY, WA E, &NVER
JRAA TGN -

W 4: xeV (Y, ) 51T 3 5B
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57 5: xeV(Z), D (x)=D;(x), CC.(x)-CC;(x)<0.
L LT, FERAR RN (X )| 2V (V)| EERIERI 5B
FE 3.2, R EHRIOHIE A, W Fi=12k-1, ANV (XN V(X)) 2V (V) W
IRV (X)) 2V (V)] -
ET: BEEEEAER R,V (X, )2V (Y )
RIEEEL 2.2, 4 CCp(x)=min, ;- CCr(v), Mxel(T).
W ()W (T) = 20V ()M (O (V ()] (%))
RN KE] + 2k (V ()] =V (LD (v (X =M (%))
I 1 xaV(Xi)(lsiskg—Ol)
CCr(x)-CCy (x)= T 4i(V ()| -V (W) (V (X (%))
Ak (V OV LNV (4Ol (%)
=2V (] (%))

LV (X )| <V (V)] - AT CCr (x)-CCr (x) <0 .
%24 min,, CC. (v) <CCy. (X) <CC; (x)=min,,, CC; (v), FILAZSH: X, 1Y, MIGLE, /N 6 A

AL, RIS B X, A, AL A2 N A

A
1B 2: xeV(Y,)(1<i<k-1) 51T 1 KL

5 3: xeV (X>k)

CC (%) ~CCy (x) = (i OX)| -V () + 4k (V O~V () ~2K) (v (%) (%)

I RBEN (X, )| <V (V)| » T3 CCr. (x)-CC; (x) <04

A min,,, CC;. (V)< CCr (X) <CCr (X)=min,., CC; (v), FTLAZCHe X, F1Y, MINLE, /N 55 AL
AAKGIN o

I 4: xeV (Y., ) 5% 3 HM

L 5: xeV(X,)

CCr (x)=CCr (x)= X (V ()] () (4 (10 -v () -3)
(VO ) (v = ) -)

BNV (X, )| <V (V)| T3 CCr. (x)-CCp (x) <0

Sy min,,, CC. (V) <CC;. (X) <CC; (X) =min,,, CC; (v), FTLAZZH: X, FIY, WAL E, He ) w5 A
AALE

it 6: x eV (Y,) S5H7% 5 %K.

6% 7: xeV(Z), Dp(x)=D;(x), CCp.(x)-CC;(x)<0.

G TR, FERAR PV (X, )| 2V (Y, )| EEER R

FEE 33, W ERBR IR A, M T i =12, k=1, WAV (X)) 2V ()| NV (Xo)| 2V (Y|
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HSE, WA AR d (%) 2 d (v, ) -

T e BAR R T d (x ) > d (y, ) RS, #a=d(x)<d(y)=a+b, M X, (Y,) PRI
X (o) =t a(a+b) Mrsce Y, HAEB D N3 30(4 B N b M3, KXy ST X iE . &
SR d (%, )2 d(y,), ELEEFFSIRSAE.

RIEEEL 2.2 4 CC; (x) =min, ) CCr (v), xe L(T) -

HRAFW (T) =W (T) = 320 (V (%) =V (%)) [B]+ 2K [V (Yous )| = [B] =]V (X.0)]) B

7% 1: XEV(X-)(lSiSk—l)

CCr(X)=CC; (x) = L4 (M (¥)
EEE%DﬂUJ%EHCCT( )-CCr (x)<0.
P55 min,,,, CCy. (v) <CC;. (x) <CC; (x
51 2: xeV(Y,)(1<i<k-1) 5%
5% 3: xEv(Y>H—B)

=]V (%0)])IB]+ 4k [V (Vi) =B =V (X..t)[) B + 21 B]

)=min,., CC, (v), %t FIiH{E, /N fmAR.
140,

cc. (x)-C L (v 0]V OBl 8k (V (Vo) -8V ()82
Eiaa’ﬁﬂuﬁthcq( ) CC, (x)<0.
P54 min,, CCy. (V) <CC;. (X) <CC; (x) =min,,, CC; (v) , FTLAZT BT #AE, f/NE 3 A AN .
15 4: XeV( ke 1)'3%%3 Zfedo

B 5: xeV (B)

CCy. (x)-CC (x)= XS 4i(v (Y)]- |V |)|B|+4k(|V(Y>k_1)|—|B|—|V(><>k-1)|)|BI
_Zlkll ( ) 2k(|\/ (Y>k—1)|_|B|_|V(X>k—1)|)

HI LITT B4 CCrL (X) - CCq (x) <0

(%24 min,, CCy. (v) < CCy. (x) < CC; (x) =min,, CCy (v) » ATEALIL L TI#RAF, /N B A AN
7% 6: xeV(Z), Dn(x)=D;(x), CC.(x)-CC;(x)<0.

Zr LR, EHAR L (x ) 2d(y, ), EHIEYEE,

FERRAR it — AR B R AN TSR R A 409 W, Wy, T UG Uy oo s SRESRAN SBIAE 19 SRR

A ENW AU, U R R 2 15 S0, Wl 3 B

Wy ii Wi W, A U, U, HE oA U

P ° Py ° ° . _._._._ .-
£ i ; N

Wi 3 oWy} W, W ! U R

Seesenesed Zeeeeseeed Secennanad Seecnnnnnat Seesnsennen Seesnnnnaen Zeseseset Zecnceenad

Figure 3. The components resulted from a path

Bl 3. AEREMDX

M 3.4, W LTHTA, ERERD, WEK R 2m -1, WA
VU2V ()| 2V (Ua)] 2V (W) 22V (U, ) = (W, ) =2

AR B 2m, AV (U)[ 2V (W) 2V (U, )2V (W,)| 2= |V (W, )| = |v Ll=1s
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ST %%

VET: A RO A S, BRI ETRMUEN . JRAMRBEV (U,)| 2V (W) 2|V (U, )| - %
THA K, FATR
V(U)[2V W) 2V (Uy)| 2V (W) 22V (W, )| =]V (U,)] @)
HR@)RER TV (U)][ 2V (W, )| HEARHASL . FRATATLLSZHW, FIU, (56 44 ZBRE M (U, )| 2V (W, )|
(R B3, 0, *E%EEEEMTMV Ua) 2V (Wi )
RN W[V ()] AT LI
V(UL =V (V)| -V U)Wy )| = (W) =
REFEHE 3.2 (4% = Uy, Yy =W, i=12,), BN (U, )2V (W, )|, &BHN U=V W), S
BN (W) 2V (U,)| FE. B, AL i

VU2V W)z (U)W (W) 22V (Uy)| 2V (W, )]
A RFA AR AL, FTEASEH U W, ELIE N (W, )| 2V (U, )| Gy 658) . 0, 35U,
W, REFSERE 8.0, 4 Z =UY, =U, 0, X, =W, 2= Uy, ¥ = U, % =W AV (X)) 2V (Y)|(i =12, k-1),
HisE 2 3.1 715

|V >k1| |V(X )|2|V(Y>k—l)|:|v(u>k)
EESET

=V ()| |V( ) <V OG-V (X[ =]V (X

X[ > NV (Yo)| > STV (% )| >V (X, 78, ik,

PUES |V (Y, )| = |V (Ua)

|V( >k

>|V

$Y, =U, ., X, =W, RiFI R 3.2, A/78

H
|V | |V | |V |2|V(W2)|2”'2|V(Uk)|2|V(Wk)|2|v(uk+1)-
B 35, w LmpTiA, AEAEN S, mEEKEFHR2m-1, NE
d(u)>d(w)>d(u,)2d(w,)>--->d(u,)=d(w,)=1;
R E 2m,
d(u)=d(w)=d(uy)>d(w,)=->d(w,)=d(u,,)=1;
UEHT: A< E BERIE MBI B U W 2R AERT . X o0, (=12, —1) M EH 3.3,
Yy = Uy Yo =Upgem s X = U X = Up gy, % = Uy Xy =W o
V(X0 = 2V W)+ XV (U)]> XV (V)] =V (Ya),

it () = (x) 2 d () = (u,) - BHL, LI
d(u)=d(u,)z--=d(u,).

[FIEE, fw,w, BATERE 3.3, f3Hid(w)>d(w,)>-->d(w,)-

XU, W, IERGE R 3.4 PSR AL AL ST, AT AR d (,)2 (
FIE# 3.3(4 % =Up, Y, =W, i =12, )fFH d (u) = d(w)(i =1,

w)(i=12,m). BN, &5u,w [

m) .
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FEACLED, 25w, U,y REFHEEE 3.3, 5 d (w)>d(u,)(i=12--m-1).

SEHL 3.6 HLAT B/ ML st A (A 2 DR AE R o

UEW]: FEAER —2KERH, Dy (v) RAE—NI0UE s PR BT B fre/ME, ARIZ LS fON O
{EEH 3.4, 35 MEABMPRITE &M E, D (v) 78y RIEIRME, dwjﬁw | SEE 3 MR
(ST ON P

A PR

1) ARELHN—A R, M8 ve

2) WRECAFEA T, NP5 S (B B AN TS T8 R 30) 45+ IR A T s b . k33 o — A T A
BAV, FHAwmERY,

ASCRAEBSE — R0, 38 R B UE B AL

FEATH S v AR ERARRE (T, v) i, IRE S v REARKEMTA. (512 2.3 F(1)iH2)

FRAEE &L u PR, ST v, BAMF R w S5 R (w R u A A I R0 R V)
TEIX 8% LB EE 3.5, ffiu, =v, AJLIAH
dr (uv)—dy (wV)| <1, BMERFAIFRREEEE LR 1. (515 2.3 Q)i L)

I EL, TR AR R AT X, y (v A2 X R F5), # d (x) 2 d(y) -

X By 1RO x R N j AT Ay (< j), B RE R PIAG L

a) Wy & x WE T AL ATE R REEH d(x)>d(y)

b) I, 4 u kX, y SEFEETE A, BT u fE P (x,y) o FEIETRA Y, y,u, X, X Hk R &
B35 (Y, X ANy, x B F s, HOM 5 R), Hu =u, HEH 3.4 [%

X=Ugp,y =W B#H x=w,y=u,,(k=i-h (u),I=j-h (u)k+1<I),

A EHE 3.5 W d (x)=d(y) . (513 2.3 F1(3)Hi /L)

ST WA AR o B AR xy, R d(X)2d(y) . YIX ANy x R RS, LRI T AR
Yy u X, X RS BN ERE 3.5 (u o x, y FEFEETA AL BT u/E R (x,y) £), Au =u, WRyEE
ﬁ3-4ﬁ’

X=We, X' =W,y =Ug, Y =t (k=i-h (u),I = j-h (u)),

PR T B

d(x)=d(y). (31523 h(4)iHL)

2% (X)), Yo (y') 735179 x, y 1] parents (siblings), 4 y", X" (A j)73 5109 y', X )G 5 H4512(4)
AtV (T (06)/T () > V(T (50)/T(¥))] - B RRAITIA Y, y'u X X" BB, u o x, y JERIRG
PR HTE uE R (x,y) by MAHEH IS WA Y =u, HEH35H
X =W, X" =W,y =U,,, Y =u,,(k=i-h (u),]= j-h (u)),

PR e T DA

d(x)=d(y').d(x")=d(y"). (515 2.3 1 (5)iH2)

M7 26 A I/ 2 D280, BB RS 2 985, BRI 52 B
Bl 2. FZ/7 5104 (4,4,3,3,3,3,2,2,1,+-,1) (1 FEECH 10)iF, 7 75 oA e/ s B0 S0 254, Gnl&] 4 Bos.
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Figure 4. Greedy tree with degree sequence of (4,4,3,3,3,3,2,2,1,...,1)
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