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Abstract. Given an undirected graph with edge weights, we are asked to find an orientation, i.e., an
assignment of a direction to each edge, so as to minimize the weighted maximum outdegree in the resulted
directed graph. The problem is called MMO. As previous studies, it is shown that MMO is in P for trees,
weak N'P-hard for planar bipartite graphs, and strong N"P-hard for general graphs. There are still gaps
between those graph classes. The objective of this paper is to show tight thresholds of complexity: We show
that MMO is (i) in P for cactuses, (ii) weakly A"P-hard for multi outerplanar graphs and series-parallel
graphs, and also (iii) strongly A"P-hard for planar graphs and bipartite graphs.
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BIRER, NPT ITICHLTRISET S TR
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W, WEYaTeEZ, AOREHTEZOIICH
WAV a T EHEAICHINT RIERKICH DY TS
T eHETE, MMO i, R||Cmax KBWVT, &
Va TR 2 D0FEEOWT M ULIEIDYTS
N, ZONHERIEHEFIERICB N TR EWS
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DEMISTETDH. TTTC, V EERBEFNFh
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((S,7)-MMO)

AN \ATS5T G =(V,E, f,w). ZEL, fi
THSEAER f:V -T THY, widilE
HEB w:E— S Thb.

HF: AN(G) ZEMETBA U TV F—2 3 AL
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fl) +w{vi,u}) &95.

A7y 2: C DiLBE vy UNDTEZZHIER.

5: 0¥ OrientCycle
REEAV T T— a YHTET 5.

##78 8 AlgCactus (& (S, T)-MMO(K) IZXf L TIE
LWEZREHIL, O(V|log |V]) REEIOHHEE O(|E|)
R CRITTE 5. (FERARR) |

3.3 ZIEXEM7IVIU XA

RO I A RO EBRAERL, ZHUckD {1,...,k}-
MMO B SIHAR TR % 2 L ZRT.

WRE 9 AU XX GIHLT, (S,7)-MMO Di%i
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OutAll DIE s "D, (c) OrientCycle DS
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BEEV ={s,8} 5%, BEAIE, T s, s HD
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DEH wle;) =s; £T5. TOESLTELNS
TSTRINFEIST7THY, OREIESHI
MTRITTES. K8l LT S=1{1,24,5,6}
DGEIESNE TITTEZRLTNA.
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DEDEAR S C SHEETHRICIRD, BRI
BWHURCEBZFVZIYTF—yaryMFET 3
ERIATES. (FEMITER) ]

X 8DJT7IZELHNITFTTTEHHDT, LE
DNEFEOEMLHNSS TR L TD NP-EsE, £
OFEIEFRRRIC D IID. ROEHE, LENERT2%
WHIEF T S TS % NP-REEE R RT DT,
THEE PARTITION % 5 DZHEARMIREIC L 5.

EHE 12 {1,...,k}-MMO i, BHIENSIT S 7
WLT HNP-RHETHS.

SFEAKIEE: PARTITION DA VARV A § =
S} DOUEBDET ST G = (V,E,w)

{s1,9,...

9: EH 12 OFFHA.

ZES. HEEAVIE, (HHEHSs & &, BHUIK
(ii) & s; ISFISLT v; & o] 8. TFAENE 2nt-2
Li5%. TTT, W=y, cg5/2 LERT 3. 1L

HFEIRZL<i<nldDWT, {s,u} {v,v}
{v},s'} BIEB In RDWEEL. FUDERI,
w({s,vi}) = w({vj,s'}) = si, w({vi,v}) =W &
T3. TDESICLTESNB T T T7I3ENS TS
TTHY, CORMEILHEARRTRITTES. M9
BHE LT S ={1,2,4,56} DHERIIEENE TS
TERLTVS. CORBIEEY, T, cos=W
LI BENER S C SHFET RRICIED, &K
TERW L Ficas4) Ly 7—a VAEHET
BT LEAMHTES. FHMIIER) a

RIS, ZEHTSTEFEmMT T TIENT S, {1,k}-
MMO D38 N P-HEEHIC DN TIERS, WIFhOE
BHE, SAT O—FfEh b DOSIENREREIC K 5. SAT
Lid, MEEHMOEAU = {x1,...,2,} & CNF I
¢ = Neec i DEZDBN, ¢ % true ICT 2 ZEE
DU THEFEETZNESI L EMSHETHS. TC
TCRULOHEDESTHS.

ERRICEEBIC AV S SAT 2T L -RMEIic D
TER%. At-Most-3SAT(2L) 1& SAT iZH LT, %
HZER3MOUTFI VUL EET, U TFIVE
ER2ELY ¢ ICHE LW EHIREE DT -RIET
$3. At-Most-3SAT(2L) @ 38 NP-INEEME, (6]
D p.259 ICALHOME [LO1 A5 DIRE TREN
3. F¥iz, RENEVTFIIVHEYTFIILOVTN
PUDNEELVE, CNFRIEZHATHZEES. A
717 HEH ONF UCPRE U7z SAT &58 NP-[RET
BHY[7], T5HIC At-Most-3SAT(2L) D AF1 % HiGH
CNF RICRRELTE, BMNP-HWEETHS 2. i
T 3SAT e DWW TiiR%, CNF K ¢ I LT,
V=UUCEZHEREELTSTTT7 G(¢$)=(V,E)
BEZD. CTTTC, VEBEWR, He VT2



£ T EFTHA, {1, BAVBLTE. TO
J57 G(o) BWFET T T DIFEI, ¢ BFMTH
BLV5. Ff 3SAT &i, AF1END CNF R
SEET, POFERY FINEERIMETOETL
W HlRRZ D 72 SAT T, 8 NP-REETH 5 [11].

FIR 13 FEO k> 20/ LT, ANBZEIST
IKME LTz {1,k}-MMO i s NP-BilicH 5.

SEEAODMEIRE: Monotone At-Most-3SAT(2L) » 5D
ZIAARHEREIC X D Ad %. Monotone At-Most-
3SAT(2L) DA VARV AL LT, n B8 {z1,..., 2, }
EmIE {c1,...,cn} BD7%EB CNF R ¢ BNEZDS
hieeds. T, E@A)VFIIVLLEERN
HREH (AL) &R EILT 5.

¢MBETTT Gy ZRERT % (K 10). APz b
LT, (a) ZEUTHIST B ED L (b) HIZHIST
280, EHI (¢) HHAY v bV 2HETS. (a)
BERAY 20 FEIENTFNY TSI o & 77 IcHt
BT52THR 2 £ T &, HE kO {2;,7) 5
5. (b)Y BAYzy ME, He, ITHET BB ¢
ThY, He ICaENBZYTINVICHINT 2TEHRE
B 1OATERTS. (c) BAAY zv M 2k
DTEM 31, 89,...,50 DOXRDZHRTHD, FlD
B £ THD. EHEEH) B i EHETATVS
BEICE, FOHICHIST BTER LR oy b
1D 51,83, Sok—i)—1(52, 54, - - ., So(k—iz1)) ZHK
$id 3. LLEDORERRICK D, BEROREITNT
ki1 THb, FRTST GBI TloT
W5, el ok, LEARETITZAS.

Gy iR LT, B L ¢ NMFEAHERD A*(Gy) < k
THY, &L ¢ BRBERRERD A*(Gy) > k+1 T
HBTLEAATES. GHFHIZE) a

FH 130563 I, ROFRZEES.
R 14 ANIEZTHTSTIBELTE, P=NP T

TWEED, {1,k}-MMO IZIEEES 1+1/k &b
INEWERSTERBI 7 VY XLIEELZV. O

¥iz, ZHITTTE NTATI—, FAVYEY
RT7VU—, P-Z8TEHBDT, RORKRLEAS.

R 15 {1,k}-MMO &, "NTYRTYU—, A YEY
R7U—, P-ZBOET ST S5ACHLTE,
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