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Fixed Parameter Enumeration Algorithm for Feedback Vertex Set
in Weighted Undirected Graphs

WANG Jian-Xin JIANG Guo-Hong CHEN Jian-Er

(School of Information Science and Engineering . Central South University, Changsha 410083)

Abstract  Feedback vertex set (FVS) problem is a classical NP-complete problem. There are im-
portant applications of the problem in many areas. Many studies have been done on the FVS
problem, but there is no effective algorithm to enumerate the FVS in weighted undirected
graphs. In this paper, a fixed-parameter enumeration algorithm based on the branch-and-search
technique is given by analyzing the structure of the FVS problem in weighted undirected graphs.
In the algorithm, the feedback vertex set problem is transformed to feedback edge set (FES)
problem and the z minimum-weight FES of size £ are enumerated by enumerating ¥ maximum-
weight forests, then the ¥ minimum-weight FVS of size £ can be found. The fixed-parameter enu-

meration algorithm for FVS runs in time O(5*n* (logn+£%) + 3%z (n*logn—+2)).
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HILE TRV, V. V) =1<max{1,27*VoV1V2)},

AL AMER G o — 8wk VoV, AR,
W T,V V. V) =Tk, V, .V \w,V,). l§ Tk,
V. V\w,V,) =tk V,,V,, V), Al 15 T (k. V,,
Vi V) =TV, Vi \w,V,) <27V ViV

BEL S w NV BRI VI TR,V V
V)=Tk,V,U{w)  Vi\w. V). i F (£, V, U
{wh Vi\w,V,) =t(k,V,,V,,V,) — 1,8k T(k,
VooV, Vo) =T (k. Vo U {w), Vi\w, V,) <
27 Vo Ul Vy\w.Vy) = 0e(haV Vi aVy)

¥ 6.1 Vol Vo RAS kW 1, T(k,V,, V., V) =
Tk—1.V, ,V\w, V). HTF t(2—1,V, . V\w,V,) =
(b, V. V. V) =1, Tk V,.V,.V,)=T(—1,
Vo Vi\w, V, ) L2701V VeV 2 grh Vo Vi Vo)

$6.2 % w HFTS L, TR, V,,V,,V,) =
T(k—1,V,. Vi\w,V,) + T (k. V,. Vi \w,V, U
{wi). 433 1A 6.1 MR, B c(k—1.V, . Vi\w,
V) =tk Vy, Vi, V) — 1.4 6.2 i ,w #£ V, i1 1)
LBJE 5 BIAE G LV, TR AN TR R s OB w0 AV,
F/OEE GLV, I WA EE Y, w8 H 2
UL £ (V, U{w) < #c(V,) — 1, FEH
b,V . V\w, V, U{wh) =k—(|V,| — £c(V, U
{w)+1D<t(k,V,,V,,V,)—1.#k

Tk, V,, V., V)=Tk—1,V,,V\w,V,)+
TV, Vi\w,V,U{w})
< 2TV aVy) =1 9r(k VoV Vy) 1
— 9TV V)

THEEELE 7.1 % V=V, U {w,

Vi=ViMw,wi w1 Vo=V, U lw),
Tk, V.,V . V) =T;k—1,V,,V\w,V,)+
Tk, V. ViV (D

vu/'z}v

7 153 1 R 6. 1 AT TRt
Te—1,V, Vi \w,V,)<C2r¢ Vo ViVenVy) 2 gk V. V)
(2)
BTS2, V=V 4.8 whf—
AEBIRAE Vo Wt =1, 45 w WA JERAE Vorp, |
w Al ENELT W =2, Z 885 Fi 6.2 473 2
(58 BT S [RIRE AT LA c (B VL VL V) <o (R, V),
Vi,V —1.#k
Tk Vi V1 V) <C28 Ve ViaVe) < e thVo Vi V) =1 (3
AR (D () FN3) n] 5
T(k\V,,V, V) =<27® VoV
BT 2 MBR Vit — AN w k VR VR T
T,V V V) =T,V , Vi \w,V,) <27 Vo ViVa)
25 b BT IR JC AR A B 0 3o VA A AR X B 1
KRR T AN TRV, VL, V) <
278Yo ViV B R R G AN B ol 27 oY)
G AR rp e AR T R B R R B AR L BR
W 1~3 A AT — 2,V R TS B A 1, 0
TCALF 1 B A8 I AT BN B 2 . 25 1 ) ]
HABE R OCD) 25 5 43 Mt H & & 20 i I 8] 52 2% B
B2 OGo) . 43 3CA8 R bl AR Y 20 30 7715 2 %
AN 27V S (B AR B T R B0
PR TG 2H K 3 B (R 3B AT IS TR) S O(27 Yo Vv )
HEEE.
3.2 EFTTAMBEHKaE
WG FRIFEEE NERME G H FVS [k
INar=(G,V,,V,,V,, F,A.S) B E G Zt41
WAL — A oo dl, MR A B G ocdl. Fop
(5 U A FVS, S e R W TS 4. % S
A TS ERIEEN Ve IBA AV, VL Ve S
Hynlfigse FVS i, ® kv =k— | F| B G'[V—
FIhRTood r ik -FVS R & AUV, UV U
Vs i B G [V—F 13T oe4l r ik -FVS i |
F iy fiogh ol AA s G (3% F 504l r (1 £-FVS.
BT U R e R e E G [V—F]h
FEFICH r 1 2 DAUE BN £ -FVS BET R
ARICE SN FVS a8 4L Ry FES (0] #8148 )5 i i
Mz = ASBUE e K AR MO B8 = S BUE B/ 1)
ki -FES, N1 #85] = NBUE /N k1 -FVS.
3.2.1 ¥ FVS [a] i {6 FES [n]
eI LRV, = and ¢k, V,,V,,V,)>0)
or Vo= or (¢(k,V,,V,,V,)=0 and C(G[V, U
V. D=0 5z, il FVS #4624 FES [n] @i, h F
IF-%45r k-FVS 5 26 ¢k, V. Vi, VA S8 T
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L
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Vi ok WV, VL V) =0, 0] A-FVS #5 2 V, i
M VIR S B A Vo iRV, =, i TF-XI
EXL V=D 4 G=G[V,],iT G[V, &
AR X FE Vi SORTE AR ] B b, WA VR A
A A

M LA E a3 AT 45 € — A DU M 1 S E 1R Y
JCHL, B FVS ¥4k FES [, #5 % GLV, ] i%E
B EEAL A LR EE AUV, UV oY S 43R5 1k
il BAREEAL T .

(D X —ATTd r=(G.V,,V,,V,,F,A.S .0
ook V,, Vi, V,)=0,2V,=V,,.Vi=F.V,=
ViUV, A =k vV, =, W4 V=V, V,=
Vo Vi=J, A =AUV R4 04 r= (G, VY,
Vi, V,,F.A",S).

(2) XFoCd r iy IF-40 50 (V, VL Vo) 8 38 Hs
45 & H.

(3) X Vo P Y2 5w (U Ak K 5 SCHE B Y 21 05
B e i i Bk v A A5 .S I ES L =
cw R w ES. R G [V, U
Vo US I — 25l S BT A sk 1 i 4% P =
, (wy sy b R R4 B
H 4 200 & i Vo rb sl 8 Abm sl iy, B H th 4
FIRFR Vo — A& T LR B E H b 5w X
30 Cuso) M H APl Cuso) SRIGER H PR

{w,w, e

{(w9w1>9(wl v'wz) [

ﬁﬂl—l /l\,'\l—i Uy st U;— U\&?ﬁ@ﬂﬂiﬂ(uml)s(um
uz>9"'v<uz—2’uz—1)v(ul—l v'U)viS‘(_ l %%leﬁg*yﬁ%

AT P i w,w e w o IAUE. XA H H134
Cusu) )X, P A w33 Cuy s ) XN, PO w,
X 1=i={530 Cuyoy s ) X R P A w0 s B H R
W Py ={Cusw)s Cuysuz )y oory Cttymgs uy—1 ) s
G s0) 5B GV UV, US I B4 P AT

DX VP g AL g AT 48 3 5 . 18I E H,.

)X A AL E w. S EEE w HES.
B Sy EIEE A L RGEI A= {w w, e
wia . ARETE H A 2TA T B R wyvvr s e
via A TAT S Gy oy ) s oee s Cutag sopa) ) o 3R LA 55
WBUE 73 55 T A R wr s wy s o s wpa) BAUE.
XAE H B a g AL 505 A b —— X i

H H, ke m H, hin 5 AUV, UVs
i —— XN % A A d AL HES A &
LRMERMIEE R Ve BRI — &b 8] H,
G A 5 Bk — R LY R — AR K L
I L —1 A5 0 TS L SRR/ T
HEY RO EELAR RIS —d. HLE H,h il

sUIA| »

BHEHIEI =AUV, UVs| <n, SMEH|V|=
B (V) +(|[Vs—V5s| = (S| —d)+2|AUVL| <
2n o n BB GV — F19 TS L.

SIS, HERG =V.E) Bk FEG )
—AOCH B ki =k — | F BOEE GV — Fh 3
FUTCH W = MBUE SN by -FVS 0] 546 B2
Bl H, = DBUEE /N & -FES, Hrf H,J& i o4l
r AR E ).

SEE. W4 r=(G.V,,V,,V,,F,A,S),S
FEA PN MESHIFEN Ve A iR
SETETCAH B LR P A BN R T 1 I, X 2
ARAEAT AR b, PR T A A U Vs Y 588 25 4 0
B TR G'LV — FId R L AU VS £
i 15 2 A BB R G I G LB GV, U
VoU Vs =VOITZ AUV A IR A5, B8R R A
G'[V—FI3F 4 r ) FVS % TRE G AH
Vo i g FVS,

MREA=TH VRS ELAE B GRS E R
H.54 Go=G[V,UV,1=G,H,=H. {3 #5851,
KE G A BT I04 - 1 £-FVS 0] # 4k h 5K &
H, "4 k-FES [a] 5.

WA AR Rz  RIEE H, B8 8 575 1 G,
HL AN AUVSH I e B H Aot B — &t i Jf
Vo R 20 5. % Vo o B 20 05 o, 0 2 A i B 3k
B T2AHL ALY w AR S, Y RUTE 4 IR
B 2 BRI ATE Go 2 2 FE AT JF S, B TE
B G il — 4 142 P ARG & H, B F 5 J7 i » #%
& P XN F H, o — 558848 Py A Vo iR 20 5
PR H,th— 231, It % F AR AEH Vo & e
SOARNKEH VR ARELAEU I A R H Vo
TR 3 MBS BB R H i 5 AUV, UVs
s —— X0, H, S 5 Gy 5 i — —
X R R SR Gt T T oo - (19 k-FVS AJ
AL AKRIE H, 9 fir A k-FES [a] 8.

ZE TR A E G V—F 3 F 4l r 2 4
BUE /MW ke ~FVS BT LU B2 T AL r B )
Bl H, % = MU &N ki -FES. UEEE.
3.2.2 Mz = ABUE F R B AR

HRAEGIH 5 M2 = DAUE IR/ £y -FVS W] 5%
bRt B H, = (V. ED M = DAUE /N k-
FES, it = MAUE /N k-FES 7l 5@ 1 #8 H,
1 = ANAUE BRI & E | — ky 55301 0 AR MK 52 3.
Xt F A TR A TEFRART AR H, Mk, -
FES, = MBS KW H & | E| — ki 253000 RO R
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= MUE /N ko -FES.

MO H 0 2 MRUERKR B ¢ 501 AR
AR B BT E o R RS T
— RS P ekl P oAU B K R AR
SRIG FH ML AR MG P X153 BN FH S ) T4 5 5 3K
A% 4 TPORUIE Je K AR AR B A s B e
KRB P oAUE S 2 M AR AR T I AUE 26 2
R BRSBTS A — 25 R o AR T &
FE R AUE S « KRR, H n] WL, BO2E AR AR
10 b B R e — > BR AR A b B S5 R 1 R AR I GS
FRMEEA P AR5y, T 1 X B A T R AT A 4.

(D) Fo— A BRI A AUE S5 K A R bR

WPERH W& ZNMEMRES R P
FR MU TR

P={T|G,j) €Ty, j)ET,

(my s pr )G T ey Cmy s p) €T | T =t}

Xp={Crsj1) s s Graj )} Yo ={Cmy s p1) s s
(m/m])h)}s& T(X,,,Y,))%]@,/Ei‘\ XPEF'iMEK@éT Y,
I SRR A P RETA T(X, .Y )1
EH. BHAER U (Xe, Y AEME—f 2 — 1 7R
HES P EES PR T (X,.Y,) WHRkA 5T
(Xp,Yp) HIRRE.

S1I 6. HwE—1TK H (V,,E)MM o4l
(X.Y) .18 OCIE, |log|V, | ) B[] N fE % #8 H BUE %
K TX, Y . T(X. YO & X FAEATY
Wt HoA e 2301 i AR AR

IEW. R—PRERKRN T(X. Y ME RS
SR A Joe/ INVAE U R0 R S B, B Sl X Ty
M T 885 B H B X Fn Y il idn, B2 45
HR A5 BAE B R 27N By 4 R 6 H 00 38 2 i1 i AT
AR — 2 N B Y H AR B 0 AR T S A
JSCREL S JUPRE s ) T e 3 DAL o A B 5 0 A ] o
HEMBRIL . FEE T &L HR THEE &
. ARG Kruskal 8055 9 40 8 . 45 5 1% 5k — AN AUE
AW TXLY) B RIE 22 B OC|E, [log|V, .

HEEE.

WRHBMES P i o0l (Xp . Ye) 852 . IE 4
AL HE 6 SRS P AU SR RIS e A
FRAK.

(2) X RS P #EATRI 5

WHRMES P Bt (X, Yo B2, P AL
KRB N TP, T(PYHRAET Xp Wil
ser. JH T(PYK S P R4 1 H A M AL 1)
THEZEM T/ LA (X, Y BRI R4 (Xp s

€] 9€9 4"

YO W25 R X8 i, 1<i<<h, ¥ e sersrre,
INE] Xp, I8 e B Y 48 SO el (X, Y0,
B X.=XpU{lersve, 1 1Y =Y Ule ). BT
RAZITCH MU TER (X, Y ) =(X,,Y, =Y, U
{e1}) . (X5, Y))=(XpUle )Y, =Y U{e})seer,
(X, YD) =(XpUlerswve, 1 1.Y, =Y, Ule, ). 1B
W T (Xp Y B ARMRER 2 T(P) J5 % THT
B IR (XY ) e (X YD) B AR ARG I 2.
WG LL ¥ H o in s & ¢ 50 MRS
P e dl(X= .Y = ) 52 B2 Sk ik 1%
THNF e e B H, P T XL YD I RUE S K )
AT B H, o BUE B R R SR 5 T8
(X YOXRI45r 0 BEAMAE W) o4l 8 r 5 — o 4Lk
A L R IET L4 — 041 i AUE iR I AR AK
M S AE e K1) — 2R T T A BUE S 2 K
ARG T8 T, Bt B A — e AL b A7 R 45 AR R
LEBR I « KA. BARE LR LA 2.

Enumerate-Forest (H, ,z,t)

A B OH AR 2

e = MAUE BRI 0 5530 0 AR AR

L ZRHER L={(X=J.Y=0)};

2.Ur=¢; //UrBRAEHRBINE ¢ 500 R

3. forGi=1; i=<z; i++)

4 TEE H, B4y 3k 573 Lo 45 o0 40 %t by 19 A E i K1
Bt F AR B PR B R & ¢ SRR ARARCN T,
T XFR e A (X1 Y1)

5. Ti=T, ¥ T.A Ur;

6. T (X0 YO REATRI G 35687 R #) e A L

ML iBR (X1 ,Y ) 50
7. 3& 0 Ur;

B2 M2 = ASBUE IR Y ¢ 530 1A pk

5|1 7. 4K H.(V,E) A Enumerate-
Forest(H, ,z,0) W[ IFE Ozt | E, |log|V, | +=2" ) B} [A]
WHH = DA IR 8 ¢ 2530 B AR K.

WE B, ¥ Enumerate-Forest (H, ,z,t) H &
AT — WP 3 MG BB A B — > BR .

51 IRPEIR ARPESIHL 6 B H, P AUE &K1
Tt RBRAR T, Ty =g Goag )y IF
M T AR —H o, K (X YD) =(T . {e )
(X2, Y.)=Uer s e ), (XY = {ers oo,
et le ) B I (X YD) s (X YD REA L.

BRI B i — 1 RIEIH S L= (X,
Y, (XY ), 5 e 4R 2R T4 Zon A o AUE
RS ¢ FBWBRMA T (P, TP
HorpAUE R BRI T, 00 T H, FAUE S
R e KM B TR T (Xo, YO R R AR
M T# (X YO AT R 20 B A oo ) L
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Bl

e 2010 4E

L
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L gE N LA iR (X Y.

R HEAT R5E « RS, Be 4R 2] = N AUE B
PN SR ECY WS/ T8 1 ) T N O R 5 2/ € | ]
W EN T HB AR Z R A K5y — AT
LRV E 2B O ARG 51 HE 6,3 F —ondl$k
— B e K& ¢ Z5 30 0 AR AR Y B IR) &2 2% B O
OC|E, [log|V, [ ). an 2 Y ER ¥ 37 40 43 1) — Ju 41 5%
H—W A L P e e s i G A i —1
AN L 3 A A P T AL R AU B R B e Ak
R ARG AL AT g, el 5 L p
JCAL X L AU Fe K7 ¢ 5 I ARk, SRR L5 1 IR
TEAR P B O E, [log |V, | +t+D) B4, %
AR = ADAUE B KB ¢ 2530 I AR ARGV 1Y)
B[] & 2% Bl O (2t | E, [log |V, | +27). JERE.
3.2.3 BT IUAmy R M H

HITH E 2N T8 FVS [ @4kl FES a5
TR = AU 5 K AR AR B B B G
HEFITH r=(G.V,,V,.V,,F,A. S = U %
NI k-FVS B FE R IN TR 8 e E G [V—F]
() FVS [a] 8% Ak Ay sk ST r % i B FES [8] 8,
Bt ol r WA ALIE H, s kv =k — | F| SR 5 ML
2B H Mz MUER KR EAE, | —k 00 &
MRGARE] = AN AR BB H, 1 = A FES, i %
FES #8559 & G'[V—F1# FVS, & G'[V—F]
1 = A~ FVS 40l b F v gy i G 3 F oo 4l -
() = MAUE BN B-FVS, BARZE L TLIA 3.

LocalEnumeration (G', r,z,k)

A B G — AT r=(G,Vy,V1,V2, FLA,S) 5 = Fl k

iy B GRS T I r 19 2 ASBUE BN £-FVS

1. hh=k—|F|;

2.U=0; //U RRAFARBIH k-FVS

3. Mz oe r B H, (V. ED

4. Ur=Enumerate-Forest (H, .z, |E, | —k1);

5. for Ur A& | E | — ki S5 8RHR T

6. (HAMAET T hiyih ity i &40 H. 1 —4> FES
F. . %85 Foah st # VoUVsUA FigsimA F,
¥ FmE%E4 Us)

7.9 U;
B3 T s 4L SR MO v
BIIES. AEEG . Bk MITY r=(G.V,,

V.. V,,F,A,S), %1 LocalEnumeration 0] D4 7E i
B O(z(n*logn+2)) WA K G R T IL4ny =
MBI /N k-FVS.

iE 8. B LocalEnumeration 1 46 ¥ K
G'LV—F1#y FVS [a] B fk Jg 5k 76 41 % 1 9 [
H,(V,EDH) FES W8 B by =k — [ F|, 885 F 5
5 Enumerate-Forest {2 H, 1Y) = S FAUHE 5 K )

GANE, | —k FILE R X FEAZRA T, & H,
AET R 7 H, 1) —4> FES-F, 3] 5
EXRIR Vo UVsUA sl X S S mA F,
WEE F 2B G — A~ k-FVS. 58 i B H, [ =
MUEE R EG A T E, | —k 200 0 AR 2L PR
FAE T E G R T O - 1 2 DBUE RN k-
FVS ¥ H WM& 772 H, P8 H TE,. | <n,
T H |V, [ <2n, b n HE GV —FI T AL
e g B 7 R B 2 DAUERCRIE TE| — £
A5 100 10 AR AR B ) 52 2%

OGz(|E. | =k |E, |log|V,|+2%)

=0(z(n—k)nlogn+2*) =0(z(n*logn+2)).

A 10 2 FE T RYIE) SR AR OCD) L 25 3
W E H, LA &b 5 BB R 222 O Czn).
I B E GRS TF 452 04 - 1 = A AUE IR/
E-FVS Wt a) & 2 R OCz(n*logn+2)).  JEEE.

4 FVSHWEIESHMEEZX

TESS 3 WO AR T FVS i [E & 2 B2 1)
AU P AN T2 B AR - o0 20 M) 3 AN T D A i S AR
R AT A FVS 1Y E E S 8O 143
BrCmS A2 2 B Ok e iE — 4L IF-XI 0. SRR
A TG 2 b 3 B0 05 AN 3 T U 4 19 Jm RO Bk Al 2
# IF-XI 73 19 = DUE R /D A-FVS IR R B i <
MR/ -FVS, 53k B A 4 frox.

Enumeration-FVS (G .k,z)

HiA: G=(V.E),k,z

fith: B G 2z MAUER/NK k-FVS

L A SCERC16] P SRR G — A K/ h k 19 FVS F';

2.Y=0C5 //YBRAF Gz B IR /N k-FVS;

3. for (j=0; j<k; j++)

4.4 for F M EEA~ § KM F4E Foo it GLF —Fy D42 7Rk, Wy

5. {Go=G[V—F ].Vi=g.,V,=V—F,V,=F —F,,

k'=k—j,F=A=S=R=U=U,=U,=;

6 R=ConstructGroup(G,,V,., V1, Vs, k' \F,A,S);

7. if ==<<[R|, 0 2, =1;

8. else 21 =2/ /R ;

9. for R ity A4 »

10. U, =U, Ul LocalEnumeration(Gy ,r.z k') ;

11 TR U« AMAUE SN R-FVS, 8 B 2 A

K-FVSHETE U sl g4 R

12. for R' iy A JT4L »/

13. U, =U, U LocalEnumeration(G, ., ,z,k');

4. UL UU P = PUE RN £ -FVS A Us

15. B U= MR- Fii SR A-FVSORA Y ) )
//endfor

16. Fi i Y = MAUE R/ HE AR £-FVS;

B 4 FVS 1R e S5 8k
B A~ 15 WHE—A TF-R 1 = -4
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B /N FVS AR E 4 35k /3 3 LU 5] 3.

519 4wl G MEG BH—4 IF-% 4
(Vo, Vi, Voo, B8 7 O (27%Y0 VY2 2% logn +
141475V VeV = (0 logn+ =) I [A] N K26 TF-R1) 43
Vo Vi VO I = AMAUE /N k-FVS.

. R IF-R143(V,. V.V, B e 4 i
BEA RIS &R N ZR houdiH. k5l
3, —Ak-FVS HXfpi—A~Jcdl . iR EEGY HEG
0 = DRUE /N B-FVS B84, T 425 9 Fh g ol
e,

IR =< /N, & = =138 53 5 T ool i /K
L i T R H & ndin R A 1 AN AUE BN
E-FVSIEFEAG U AU A N A k-FVS AR
a5 8, e FE A IS ] 52 2% B2 O OCN (n” logn+1).
YRR —JCd] rs R T r 19 -FVS EAFE U,
HORAKT r 19 -FVS AN EEJE T Y, M M C 41 4
A R Bzl . R R 1T 5 N =
= 0F R R e 4, 8 2 3 F oo 4l i R AR A
B AR T & CALI « AN RUE IR/ £-FVS 3f
AR U, MU, FH Niz=2"4 k-FVS, R 5]
FE 8, M AR A B A A2 2 O O (N, = (0 logn +
2))=0(/Nz(n*logn+:2)). U, UU, =U, H = L
{HI /N k-FVS Ry TIF-R] 43 19 = A AUE i /D 1
k-FVS. Wb, 78 = << /N[ 1§ 3L F , Bz 1F-%) 5
Vo ViV = DNAUE /N k-FV'S (1) 1 8] &2 7%
[} O(Nn*logn++/Nz (n*logn+=2)).

R => N, =2/ N, FoHm
JRI RS B Ay SR NOAS T A 3 5 X N Y =,
MRUE T /NE B-FVS A UL H84 U A Nz A4
k-FVS, # 45 51 B 8, tt i & 19 i 18] &2 2% N
O(Nz, (n*logn+z,))=0(/Nz (n’ logn+ z,)). X}
EE—AI0H ro 55 Z XN = A AU B/ #Y
F-EVS AL U W Tud r B8 T U W
-FVSATREIE T Y, A\t £ & R H M BRi% o 4l.
XFE R PR 1) JCAL R R 2 AN AUE e /N k-
FVS g T U. iyocdl. 518 3, — 4 k- FVS H
X — TG4 B LA R R T B N AN
VNI NoASTCAL S 43 0 4R & oG AL I 2 AL
fHi/N k-FVS JER 42T Uy, W Us g Nyz A k-
FVS, i 45 51 # 8, M B 0y af ] &2 4% B K
O(N, z(n*logn+ 2)) =0(/Nz (n*logn+ 2)). U, U

U, = MBS /N k-FVS g IF-R143 19 = A AUE
/N R-FVS. [ 1, Y4 = > /NI, B2 TF-%) 4
(Vo . Vi VO I = DMEUE R/ £-FVS [ 8] 5 2% B2
3 O/ Nz (#*logn+2)).

ZE TR S — A TE- 250 (VL VL V) LR A
G XTF IF-RI (V. Vi VO I = DSAUE e /N k-
FVS [t a] 5 24 B 8 OCN#»* logn+ +/ Nz (#* logn+
).l 4, R PO A BOR L 274 Yo I
L N<Z250Vo ViV /N <L 4147 Vo VY iy i iF

BH k5] #E. JEEE.
TE 1. 4K G=.E), BB Gtz 4

BB /N k-FVS [ 52 Z B2 O(5** (logn+
k) + 3%z (n*logn+2)).

EW.  4EE G=(V,E), JH3cmk[ 161k Ht
A ELE FVS B3R A — KN A kB FVS
F.EGHAAE-FVSH HEH F RN N G
FHEFMV—FMH—AKNHE—jHTEF.H
B Ho 0 <<k, BRI G 19 k-FVS [n] i n] DL 5%
R E G =G[V—F IWAE F —F i
(k—j)-FVS.E G, 184~ (k—j)-FVS i I F, #§
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The theory of parameterized computation and complexity
is a recently developed subarea in theoretical computer sci-
ence. The theory is amied at practically solving a large num-
ber of computational problems that are theoretically intracta-
ble. The theory is based on the observation that many intrac-
table computational problems in practice are associated with a
parameter that varies within a small or moderate range.
Therefore, by taking the advantages of the small parameters,
many theoretically intractable problems can be solved effec-

tively and practically. On the other hand, the theory of pa-



1152 i "

Hl

E

e 2010 4E

rameterized computation and complexity has also offered
powerful techniques that explain why certain theoretically
tractable problems cannot be solved effectively and practical-
ly. The theory of parameterized computation and complexity
has found wide applications in areas such as database sys-
tems, programming languages, networks, VLSI design, par-
allel and distributed computing, computational biology, and
robotics.

Feedback set (including FVS and FAS) problems are
classical NP-hard problems. There are numerous applications
of the feedback set problem in areas such as circuit testing,
deadlock resolution, analyzing manufacturing processes and
computational biology. Many different algorithmic approa-
ches were tried on these problems, including approximation

algorithms, linear programming, local search, polyhedral

combinatorics and probabilistic algorithms. The feedback set
problem has also been extensively studied from the parame-
terized view. It is known that the parameterized FVS prob-
lems both in directed and undirected unweighted graphs are
FPT problems. For FVS problem, there is an algorithm to
find all the minimal-FVS, but the running time of it is practi-
cally intractable. In this paper, a fixed-parameter enumera-
tion algorithm with running time O (5* n* (logn + k) +
3*z (n’*logn+=2)) is given for the weighted FVS problem in
undirected graphs. The algorithm is the first fixed-parameter
enumeration algorithm for the FVS problem and the running
time is next to that of the best previous algorithm for finding
a FVS of size at most k.
find the =

The algorithm can also be used to
minimum-weight minimal-FVS of at most k£ by

some transformation.



