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Abstract. The problem of finding arc-disjoint arborescences rooted at 7 or independent arborescences
rooted at r which are a vertex-disjoint analogue of arc-disjoint arborescences in a directed graph D = (V, 4)
with a specified vertex r € V is very important from not only the theoretical viewpoint but also the practical
viewpoint. Recently, Fujishige [2] extended the characterization on arc-disjoint arborescences presented
by Edmonds [1] based on the result of Kamiyama et al. [5]. In this paper, we prove that the results
presented by Whitty [6] and Huck [4] on independent arborescences can be extended in the same manner

as Fujishige’s extension of Edmonds’ theorem on arc-disjoint arborescences.
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T, Imw)={iel@w):r£v} £33E, HveV
it LTH LRI Iw) = I(v) & I (v) = I~ (v)
WO, S5z, sp(®) =2 £V, KveVickt
LT op(v) = ep(v) PRV LD, £oT, & D1
ED2RDEU; Gel) It LTRYIDZ L LD,
DrU, Gel iz LT DL & D2 235D 320,
LLEOEM EIBEDIRELY, DD pelizxtL
TV (T} = U, Wit 4472 rp- B AR T, BT
T35, MEAKED, GeDizRLTX; iel-p)
Z, U Ge D) Izxt$ 5 X; (1 € I —p) LARICER
L, Kiel-piZxLTa & Dickid s (T, X,)-
FEITWRRIER & 75,

ZIhbiE, T, 0 V(T,) = U, &4k
RrpAMAR T, REHRTEDZ L E2RT. R,
b€ Up BRRYMONE I DTHIT RS, EL,

-
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ZIZTIE D e U, 0 |I(3)] = 25BB0HREH,
DOHEICELCITEBT 5.

I(®) = {p,q} BV IO LEETH. £7, t(a) ¢
U, 2% ¥ a € pp(®) VEETIHEEE L LY.
%0k CL LY ¢(8) € Up BV IokD, a% T, ich
2B LY V(T,) = Uy, &Rk rp HRAT, %
BB LNTES. &bz, £#D2 XY @) e U,
EWl-T & € op(d) BDEETS. t@) ¢ Uy &b
& # anMVILD. XoT, & € op(d) — a2
DI, EBIZ, gp(d) PBD I B & DHN A(T,)
IZE8ENBd72D, QD(@) -4 = QD—A(TP)(@)’ oFE
D& € opacr,)®) PRV IO, LLEOBERLY,
fielI - (3):i#p}={q} LVEEELBSITHLT
RYIMD. ZOZL XY, T, BEEFEL 2o &
PIFREDIRE L Eihvd. KRIZ, £HEE2%2E 2
L5, HEDi e I\{p,g} TR LT ¢ X; BV ID
72, HieI\{p,q} KHLTm =7 &T22LiC
XY (T, Xo)-FATHREIERF o B 64105, T, X,
BT BIEREELL Y. T, w, & me(d) = | X,
FLTH v € X T LT mg(v) = 7 (v) LEHEL K
5. TDEE, §p(®) =8, me(d) = |X,, ELTR
MEORE L Y, w5 1t D[X,] — A(T,[X,]) et
% X, D b Ra P MERICR>THS. bL, n,
DEBLY VT 7 (Xg, A(Tpl X)) 12BIF 5 X, D+
CHMEFTRIFIIE, 7,(t@) < m,(h(a) %N
T € A(Tp[X,)) BFEETS. bLIDKS>R2a 8
FETBRLIE, IBWEORELY k(@)X o Thiy
NiER B2V, XoT, pp(d) DBADHFT & DHA
T, IC&FENTNWBDTa =a B>, L,
ta) ¢ U, £V a ¢ A(T,[X,]) B35, Zhix
@ € A(T,[X,]) “FET .

T, BRIEED a € op(0) I LTta) € Uy
B SMOBRAEEXLS. £HED2 LY, I(t(a)) =
{p,q} Hil=F a € op(®) PP 72 &b —DIFE
T5. &b, £MEDILVUTOGE & () DH b
B &b — DB Y LD,

(@) I(t(a)) = I(2(b)) = {p, ¢} ZWW7=T a,b € gp(d)
BHFEETS.
(ii) t(a) ¢ U, Wi a € op(d) BFET 5.

XoT, &2 It(a)) = {p, ¢} ZWilz7 a € op(D)
T Tzl LT, o1Td LT EL BV 3z
L, TOZL LIFWEDREL Y, BohiA AR
ARG EL 207, DLEORER LY, & E2 850

End X5, It(a)) = {p,q} ZHi7=F a € pp(d)
ZEOXIICBREILOVEZSZNIT V. FBD
ieI\{p,q} I LT, 6 ¢ X; BERY Lo, ¥
Da€opd) & T, ~METH, Hicl\{pq}ic
HLTHE, m=m &TDZLIEXY, (Tp,Xi)-FEAT
AR m 2B B 2 LM TES. T, X, extd
BIEFEEX LY. EB3OENLRAEOTAFT
ERVG. DTOBMTIE, rp=ry BEYIDLE
X, BEE A,(rp) = |X,] £ T 5. vmex ZELTOE
AICEENBW—DRETS.

arg max{#,(v): v € N (3) N U,}. (3)

ZLT, 6% h@) =0 & ta) = vmax B TLET
.55, 4T, CMABILITEY V(T,)=U,
BT - BRART, /5 ERTES. EbIT,
g Xg— {1, ., | X} ZEUT OIS ICERT .

Tq(Vmax), fv=17>,
() = #q(v), if #g(v) < %g(Vmax), (4)
frq(v) + 1, if #g(v) > fg(Vmax)-

TorE, £HC2, (3), (@) XY, DiKBYB
i (T, X)-EATTREEF Ch B = Lk, METICH
JBEWRE RO FE TR LRTES. O

T, EEARRT. —OERBEY TOFAEICE
DEMNND.

i 12. EKERFEMS S 7 D = (V,A), ARE
FEALEI BEErneV Gel), r; e U, 2T
MERE U, CV e ) BEXBRTVWB LTS,
Eh, FHECLEC2, ZLTHve VIiEHLT
H@)| <2 BMOE2ETE. ZoLx, bLEH
D1 & D2 B3RV SI2kbiE, V(T) = U; 2727
Jhsr rz--ﬁﬁ'ﬂ*)ﬁﬁ T; (Z S I) BEETS.

SEER. |1 BT DIRMEECREMHS 5. 9, |I|=1
DFE, DEV—DODOWRreV ikreUZmid
MEB U CV BEETDIHAEEEXD. ZOBA,
V) =U Z2Wlcd r-BRART PEETH L%
REFELW. FED2 LY, FovelU—-rizwtlT
lop(v)] = 1 Y T2, E-T. D RIEKEMT
HBDT, EEDve Uk DU]IKBWT r 25 F|
EFRETHS. TOZELY, V(T) =U T
r-ABRMART BFEETDHZ LR 3.
Hl=n—1>1DBAICHENKYIIO>EEEL
T, I =n0BEEE2X5. AE11 LY, b5
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pe I X LT V(T,) = Up W73 HRR rp- B
AL, B HHETS. I=1-p2l, Hve Vi
LT I(w) & I-(v) % I(v) & I-(v) & AEEICEST
5. R%, mi=vérj=vEWMltRebijel
BEETDHveV ORELEHTS. &b, D
ZD—-A(T,) CHLTUTOFREZEA LD
&35, :

1. 29, t(a) i€ I(h(a) ZWETEDOU; 12D
BENTWRY D — A(T,) OREERY L.
2. ZLT, b LIAED RICEENLOTATENE

ET 5200 ER<.

2%V, DI D—-A(T,) & Tzxt LT&H:C1 & C2
B NHOE S IARLEbOThHS. SEHITERT
B0, ZODBRTZ L TERHEDL & D2 2542

LETTZENTED. T, BEDEELY.

V(T;,) = U; 2745 ri-BIAIR T, (6 € I—p) 58
FETS. T, (€ I) BN THDZ L E2RTEDIC
I, Kiel-plveV(T,)NV(T) R LT rTpv
& T VBEABMRRTHS Z L 2REE IV, =
% (T, Xa)-FATAREIERF L Ll X, b LTk
ri T BBBREBETRRNET DL, X;—vDAT
X#ETDH. LL, Vi) KB 5 X, osiaiE
BOERLY, v ERRLT D rpTv OEFEL 2o
T. &o T, m BMH T T 7 (Xs, A(T,[Xi])) e BT
35X, DR INMEFTHEDT, VirgTw) ik
BT3%weX;— vt LTmv) < mw) 2350
SO, FRIZ LT, V() KR T2%we X, —v
WX LT (o) > m(w) BEEY Loz akbans. B
LXKV, rpTpv & nTw BBRAKNARTH D Z L3R
Iha. O

4.2 FHHEERH

EH4 LD, UTOEERE NS, LLTOER
ZRWTE, Hie I lZHLT|U] > 2480 LD
Tlk, DABEETHB I LEET B,

EIB 13. ERERAER ST 7 D = (V,A), BRE
TEAEI BEAr eV (iel), r,cU;, 2T
MERIEU, CV e ) BE2bnTwn3d LT 5.
¥, HoeVIEHLT|I(v) <2 B8HY ok T
5. ZorkxE, O(I|A]) BE<T, V(T) =U;, &%
TS r-BAIAKRE T; (i € I) BEET D02 HE
L, bLEFETDIRDIERDITZZ LN TE S,

5 #E5iR

AR TR, Whitty [6] =° Huck [4] iz k> TH
DN HFIRIEICXTT BV O OFERD, B
H (2] IZ & 2B RRFMARBEDOFFHE T OYLIE & Fkk
IR CE B L &R L. L LARRLESIMhD
BABE LT, IEROWREENRER TH DD,
TNLEMRT D Z L AROBETHS.

BE. AT o—BRX, BAERIEESRREE
Bh4, BARFIEESEZH RGBT
BIEFBEOMEMRIZLZ LD THS.

BE

[1] J. Edmonds.
R. Rustin, editor, Combinatorial Algorithms,
pages 91-96. Academic Press, 1973.

Edge-disjoint branchings. In

[2] S. Fujishige. A note on disjoint arborescences.
Combinatorica. to appear.

[3] A. Huck. Disproof of a conjecture about in-
dependent branchings in k-connected directed
graphs. J. Graph Theory, 20:235-239, 1995.

[4] A. Huck. Independent branchings in acyclic
digraphs. Discrete Mathematics, 199:245-249,
1999.

[6] N. Kamiyama, N. Katoh, and A. Takizawa. Arc-
disjoint in-trees in directed graphs. Combina-
torica. to appear. Preliminary version has ap-
peared in Proceedings of the nineteenth Annual
ACM-SIAM Symposium on Discrete Algorithms
(SODA2008), pages 518-526, 2008.

[6] R. W. Whitty. Vertex-disjoint paths and edge-
disjoint branchings in directed graphs. J. Graph
Theory, 11:349-358, 1987.

NI | -El ectronic Library Service



