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3ERIZ 5 7 (cubic graph) ¥ 3 EE— 2+ PEIZ NP 5e2METH L, n AR
STEMZ S 7icH+ 2MEET AT Y X AT Eppstein 125 O(2™*) BMOT7 A TY X L0405
NTW3, AR TR ZAORBEOYr —XOWEEMET I & T O2M/%) BMTRITS LS
RTATY XLk HE L,

1 FANNE

WEE —A A< B (TSP) i3k b A4 72 NP Z2MEo—->Th 3 [2).

—BDT T 7IZRT B TSP D7 ATY Xhe LTI 1962 FIZBR SN BHHEEREZ AW T
EAE N DY T 7iIZ250T O(n?2") B THEL 74T Y XABMLATVSA (1], EhlRRHRE
EnFTATY XAZRSD2THRNT].

¥, —RRDY T T CIRRERARY T 7ICHT D TSP AL TH N DPHFERITRbNIT
W3, 72 2 EEES T 7i28iT B TSP 13 O(n8/226-903Vn) e TARS BAITE 5 [9].

52375 7ORKKE % 3IZHR L TSP X2 N—>T, ZOMEL—&D TSP LRL
< NP 2B TH 5 [2]. Z HPREEICH L T Eppstein[8] % O(2™/3) ~ 1.260" FFM THIT S Z
EERLTVS, ZRXTRINEZRBTEZ LIZE o T O(2317/96) ~ 1.251" TR SEETT.

8] TRy 2 b Ty 7 BT Ko TAIN LV EROERKEIT2oTVEA, —EIOFMIETHL
REWTBEDEIZONTAINL L UVBAKRE LTERTAME I »E2RET S THEICRIEZ AR
(ANGAY-N

EFRTIZEOROERBRTOELAORB L BB/ — ROV THR, BRRIZBVHTHL 20
DEIBBT ENBZ LERBRLE. TRIRESE, ~AIAMCEARBRLELTERTINE I PR
BEAREBICEENEN L O, BRIBVWTRBOr—ARP R TATY XLDH
wBxITok.

TORR, BREETHHIHAFMELUBTLENTE L,

AN

{a) {b) (e)

1: Treatment of 3-cycles.
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2: Treatment of 4-cycles.
/ \ / A '4 A
A RA s Ay e s
®) )

© d

A

@

[ 3: Single branching of the algorithm

2 Eppétein DFPILTY XL

T EANREEnBRIERIZZ7 GITXL, 2TD 3-cycle ¥ V& DOTERITNENT H.
IR BARIE 3-cycle IZBWVTiE Fig. 1 (a), (b), /it (c) PEIRRBDOTHREIOVED
DPTERAICNKMTE 3.

FE7z, dcycles ERBRIZIMOEL D : Fig. 2 87T &L 310, HADOHARMRENATHIIZE DO
ADELEBMIZRRT S, ZHIZLVRINTE 4cycle iZBMRT v/ TCELHTOAEIND (¥
iz [8) BR).

TAIY XBDAL VBIIL Fig. 3 DX HIZRED, BIIMO—HL LTRRENALTHEH
(Fig. 3 (a) TIHMREN TV B HIIARTRENTND) IKHELTWAEL y 28, Hyz
Tl yz ZMITBINT S, 22T, HRz BLTR 2z DRBITE -2 THr—2R (b), (c) BET (d) IZ57
»hd.

2TOBBESRIREN TV RWEREZ 7" RIEEARTHHLRIETS. BR 2 R 2 $7
Y—ThBLERETD B yz X yz ML LTENMEN, BRETH 3 XL LT3 EORESMR
WWBMERS, () PXIT, ENBEDIBOED, (ZZ Tk z) BT Y —TRVWET D & FIRIC 2
ARV AOEBMTBNEND, (d) PESXELLLT7 YV —TR2WEE, BETH 4EFBLITY
A BMEND. L L, BREDOT —RAiXFig. 4 DX 31T 6-cycle P—R ThHoTeJB DAL I X
LAuBAn S fu72vy,

ANINPUBBRBRIR A EOENOBRENDZIDOT, AT AT Y XAOHREM T(n)) IXUTOX S
IRED.

T(n) < 2T(n—3) (1)
T(n)<T(n—2)+T(n-5) | (2)
T(n) <2T(n~4) (3)

ZITIE (1) BREDT—ARDTT(n) =23 L7225, Zhb B DAV ERDERTHD.
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NEAN
X 4: 6-cycles

3 HMLLWFILTUXL

BEMFUCHLIZESWT, REBDOS— XX Fig. 3 (b) Py —XTHD. LAL, ZOr—RAiX1H
DOFCHLT 7V — RELEEZ 408D E/DZ0T, Ry 7 Ty 7 VY —LBiITHRHLE~D
HNRADOPTIRBMAn/4 BLMEZ HRV.

EITFRICBDTRIO L ) ICREDr —RITHIRA MDD Z L 2 EBE L TWRWA, EBFRIC
BOTREBROyr — R L 59B0EKERO 2 L TREHERMEZUBL TV,

BERNRE, BED T — RiX Fig. 3 (b) BAAMI Fig. 4 D X Y I 6-cycle DABDOHELTHRR S
NTEY, 2 6-cycle DETRTHBRENTVARNRIBL VWS LOBFEL, ZOENMIHLTA
FT7IXHETIIBEL 2.

LhL, RBOF—RAILRB 27— RADAZATHBD), ZOAHEKREZEMO T I & AAHRNITR
BHMAEFM KB SN D, 6-cycle HBBED I — R & 725 DI, 6-cycle DRIMDELN 6-cycle DA H
DEZTHEBRIRENDI ZTTRRENLZVBEDLTHS. LEBST, UTOXSITH LI 2R
BN 5 WETICBE U CEEENRMLZ 2T 52 LI LD 6cycle NBMBO S —A L 25ERERLT
TENTED.

Fig. 912 [8] DAY UFHADTATY XLEFRT. F R E LTRRENABEORETH S,
bhvbh D7 AT Y XA, ZhO Step.3 (b) ZEATD (bl) BX (b2) KMERZ LD THS:

(bl) D & 572 4-cycle BEERT, G\F BEE - 6cycle FFL, 13 DED 6-cycle 28 cycle £
DOTHA y TRREN cycle ADELEL THBRE, cycle LD y ORERE 2 75, £
DX 972 6-cycles DIIKTFE LB S, BEHED ) bRRENTVDIHLODEERLEVD
DEWRT 5.

(b2) £ED X 57 4cycle b 6-cycle bEERET, 2 F NETRWEA, F o uy & y 25k
ETHLOEDDT7Y —TRWER 2 KBEEHELTWA X WS (y2 iX G\F Lotki2s).
EFD XY uy BEELRVERE, uy i3 F OEBOBRL L, yz X G\F LOEBOREL
LT3,

4 TP XLOKRE

A 6-cycle 8 “E& TWVWAB” LiX, cyce D 6 EOHXTHBRENL TRV I & 2R, 6-cycle
BEZTWRNE & ATV LRETSH. C»1),0 <i<6, iXEE & 6-cycle 2% 6-cycle IZB
BI5AE6 ADOKD D b | ANBEITRR I TV SRBETRT,
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B 5: Case 1

¥72, Fig. 3 (b) TRENMEE A-DIK, Fig. 4 TRENTIKE B-78, £ DD % D-
Sy L PER, A5k L B-S2IEAHR 0B LRRIEh 3 O RED 7 — 2 Th 5 ( Fig. 3 (b) (XAMHICEE
WWBRENEERDNIEIFRL YV LB OBEBRT S, ZOHE, ZOPKIT A3 TIERL
D-3k L 15, )

ULEDHBE, LTD lemma HERYLTD. :

Lemmal. PERy 7 hF v 2 VU —n—KDRRE L, PIBWT C6) (& a2 Q) % 4B
FTHETHE, QBT AHN I AR LY IAT DKL VMREALKTHS.

Proof. Q tX AT AT Y XAOMREEERIZIBVTIE C(0) TH Y, BIxiE C0) - C(3) - C(5) —
C(6) DX 5 RRBE(LEET C(6) L7253, b L, —HIZ C(0) b C(3) Icieof b L b, C(3)
B C(6) TIRENAD b-cycle(s) 2 & o T D-FEBFHIND DX lemma iZRLT 5 (RIED

3 (bl) BB). C(3),C(4) BE T C(5) D & ¥ ITHL D-57IE LHWREN 2N & X8 s
WELIZTHE S,

Ebiz, Q A C2) »b C6) IZBELLE$5 L, Tk D-branch TH YA lemma HEIL
T35,

LoT QM C4) £RiX C(5) 2ELT C(6) K22 BRSOV THRT LV, HORE
EMMISREDOT, UT TR Q B—HB C4) IKhotedh kT CO6) HokBAIIONTERXS,

Q 7 C4) THBELTB L, EDMOREIL C(0),C(1) £iXC(2) THA(LThRRELIIT
C(3) PRAIXEE L),

bLQ 2 C0) 2 C(4) ITEBEEAL L & s, 4 FEAEMEN TV HD T D-branch T
H5. QM CO) b CH) RELLEBSLARIERTES. LoT,UTTIRQ XC(2)
b C(4) ICEBEE(L L, BRMEMNIT C(6) & RoBEIONTHNIELV. C2) 15 C(4) ~D
TR D-FIC L B LD THNIEZ D lemma HERILT S, _

Q 2% C(2) 75 C(4) ~ D-branch S X > TELT ZREEF A D, T DKL B-SrETIX
MR CTHEED, A —FKITLBbOIIRB, EbIT, AERELBH C(3) L
D 6-cycle IXFEIEL 2V, (B4 iX lemma D2V C(4) BZOT AT Y XADFER/NSRARIZE
WTHHTERASBEEEZ TS, SMIcRIE C4) R OB TRETREATHEbOLT
%) 20X 3 RRBIZBVThROARER LR2THEWTRVDIXQ 2 C4) L2d L e, Gl
2 C(4) 12723 Q BEELTVWHRATH S, #¥RDE, Q BEET C4) KR BB, RDA
F v 7 TED 6-cycle IFFEATLEWN, C(6) ILRLRNNRETHD.

—[EBlD A-FERQ & Q D2ODCH) RERLELTS. ¥F,QL Q biﬂw#énru\b
s cycle DEZ AL THRVEWVIRITED D 220, REZLENLBN IS NI 1EE
FHELTWARTAE L EO AKX > TAROREZBMLZTIIEVTRVHLTHS.

SF 0. Q L Q IHMRENIGEDHERD, 10 Q BRIV Q BHOEZBRIN TR,
ko7, Q & Q ARG OEEZIERTS.

QL Q HCQ2) THEMELTVWIRBERNET S L, XALTVIHOFKILITFig. 5,
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7: Case 3

Fig. 6 (a) (b) (b) (c), Fig. 7 (8) (b) (b") (¢) , Fig. 8 (a) (b) PVFhhTh 5. (x ENEHHE, Q
DENER, Q BABMTRENTNS). '

SHRWTRY 3-cycle 2ETe, 4-cycle DRNANBRIREN TV IHWEL 2 5D C(6) 2S5 =
ERTERVD, Eiid O4) #EBRF T D-SEBRET S 125 & lemma W T

ULk, $RTOJFEIZOVTH lemma i3T5 O

L, BTN Y XAOESEIZOVTE, 8] DT ATY XLBEOERIPRL 8] PE
LUEZEE L TVV2ew), HIATH S,
ULDRRETIZ, ETATY XAOHREE RT3,

Theorem 1. K7 /Y XAk O(nd1/9%) T EHRTE 5.

Proof. ZT VY XAIZE W THRRICEEEERL T 2EMRECHLEITOVWTENT S &
UTDL5I1272% (4cycle DLABEEFHE DIOMSIITOVT O RMIL [8) 2B R).

(®)

8: Case 4
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(1) Fig. 3 (b) DBE, ELLDFEIZENTHH L 3EROENBBIREN, 7 U —LTAAN4
DOWLT B,

(2) Fig. 4 PHE, EBLLOMFITBOTHLH L 3EOEBBIRE N, 7V —RELKDO¥KIZ
EbbRR\, '

(3) Fig. 3 (c) PBE, FHDHRIZENTIZ 28, b I FHDOMEZITIEBWTIX 5 BOBAH L
KBREN, EHLLDOPIFIZBNTH 7Y —RTEAN 22U ERDILS.

(4) Fig. 3 (d) DHRE, EHLoDHBIZBNTHH L A XU LOERRIREHh, 7Y —RTR
KRB 22U EBYT B, 72721, 8-cycle A LD K E S DOABED cycle T cycle DEA—F&F D
MRENTELT, 5D cycle DBEREAL2TRREN TV IBEIET Y —LREROMDIT
20N, .

ZIZT, T(n,ab f) EGIZANTEINyI bF v 7V —lBITHBIPLEETONRROKET

5. ZBIBIT (1) L n AOEEBRIRTILEND S, (ii) Fig. 3 (b) HoQERZAND o @&

& 5%, (iii) the Fig. e ROQENR o bERE D, (iv) G X f BOT7 Y —REKEFHS, L

ITEERT. '

TRIEr—A(1) 2o F—R Q) KX YUTOX > RBIRBRUT S :

(2T(n—3,a—1,b, f - 4)
2T(n — 3,a,b—1, f)

T(n—5,a,b,f —2)+T(n—2,a,b, f—2)

LzT(n'"4,a’b, f)

2B, RIZBWVWTIX T(0,0,0,0) =1 £ 725,

ST T(nab, f) = 2SS ppa b LFOL S K ERARE L THET

(u—s)+é((u—x£+zb)+(:—4)/s_H _ 2n+§(»+‘nb>+;/n

T(n,a,b, f) < max ¢

2T(n - 3,a—1,b,f —4) =2

(n—8)+ 4 (+2(b—1))+ /8 nt & (o+3b)+F/8
4 4

+1

(»—4)+&(:+ab)+1/s +1_ 2n+§(u+2b)+f/s

4

2T(n - 3,a,b—1, f) =2

9T(n — 4,a,b, f) = 2

(n—5)+& (a+3b)+(f—-2)/8 (n—2)+& (a4+2b)+(f -32)/8
3 + 2 3

T(n—-5,a,b,f—2)+T(n—-2,a,b,f—2)=2
= (2—5—42/8 + 2—2:218 )2

n+ 4 (a+3b)+1/8 n+ & (a4+20)+7/8
) > 2 T

n+4 (a+2b)+1/8
4

> (1.07)2
T(0,0,0,0) =20 =1

ZIZT, BMNLHEETONRRTEBNT A-3K o B, B-42ik bEI TR SN DIEOKIL 3a+ 3 &
T, D-AEIC KV BRENS BT lemma.l &Y B FLULTHS, BRENDIEOKIIn FRDOT

3a+3b+3b<n
E72D,a+2b<n/3WRAELT D, £/, AONIT f<n DT

nt % (a+30)+n/8 n+4n/84n/8
3 . <2 T = 23111/96.
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9: Eppstein D7 AT Y XA,
1. Repeat the following steps until one of the steps returns or none of them applies:
(a) If G contains a vertex with degree zerc or one, return None.
(b) If G contains a vertex with degree two, add its incident edges to F.
(c) If F consists of a Hamiltonian cycle, return the cost of this cycle.
(d) If F contains a non-Hamiltonian cycle, return None.
(e) If F contains three edges meeting at a vertex, return None.

(f) If F contains exactly two edges meeting at some vertex, remove from G that vertex and any
other edge incident to it; replace the two edges by a single forced edge connecting their other
two endpoints, having as its cost the sum of the costs of the two replaced edges costs.

(g) If G contains two parallel edges, at least one of which is not in F, and G has more than two
vertices, then remove from G whichever of the two edges is unforced and has larger cost.

(h) If G contains a self-loop which is not in F, and G has more than one vertex, remove the
self-loop from G.

(i) If G contains a triangle zyz, then for each non-triangle edge e incident to a triangle vertex,
increase the cost of e by the cost of the opposite triangle edge. Also, if the triangle edge
opposite e belongs to F, add e to F. Remove from G the three triangle edges, and contract
the three triangle vertices into a single supervertex.

(j) I G contains a cycle of four unforced edges, two opposite vertices of which are each incident
to a forced edge outside the cycle, then add to F all non-cycle edges that are incident to a
vertex of the cycle.

2. If G\F forms a collection of disjoint 4-cycles, perform the following steps.

(a) For each 4-cycle C; in G\F, let H; consist of two opposite edges of Ci, chosen so that the
cost of H; is less than or equal to the cost of C;\ H;.

(b) Let H = U;H;. Then F U H is a degree-two spanning subgraph of G, but may not be
connected.

(c) Form a graph G’ = (V’, E’), where the vertices of V' consist of the connected components
of F U H. For each set H; that contains edges from two different components K; and K,
draw an edge in E’ between the corresponding two vertices, with cost equal to the difference
between the costs of C; and of H;.

(d) Compute the minimum spanning tree of (G', E').
(e) Return the sum of the costs of F U H and of the minimum spanning tree.
3. Choose an edge yz according to the following cases:

(a) If G\F contains a 4-cycle, two vertices of which are adjacent to edges in F, let y be one of
the other two vertices of the cycle and let yz be an edge of G\ F' that does not belong to the
cycle.

(b) If there is no such 4-cycle, but F is nonempty, let zy be any edge in F and yz be an adjacent
edgein G F.

(c) If F is empty, let yz be any edge in G.
4. Call the algorithm recursively on G, F U {yz}.
5. Call the algorithm recursively on G\{yz}, F.
6. Return the minimum of the set of at most two numbers returned by the two recursive calls.



