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A split tournament is a digraph graph D = (V, A) with a partition
V =1 UK such that D[K] is a tournament, D[K] have no arc and for
every two vertices u e l,ve K exactly one of the arcs (u,v) and (v,u)

is in A. We will denote such a digraph by D =ST(l UK, A). The

problem of studying the existence of disjoint cycles of different lengths
in directed graphs was started in 1983 by C. Thomassen, and has so far
yielded many profound and interesting results. In this paper, we will
continue to study the existence of disjoint cycles of different lengths in
new graphs, that is strong split tournaments with minimum out-degree
3. We prove some necessary conditions for such a class of split
tournaments to have no disjoint cycles of different lengths. The main
results in this paper are important initial contributions to finding a
characterization for the class of strong split tournaments with minimum
out-degree 3, have no disjoint cycles of different lengths.
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Do thi giai dau tach cuc

Chu trinh ro1 nhau
D thi lién thong manh
Chu trinh c6 d6 dai khac nhau

D6 thi giai dau tach cuc 1a d6 thi c6 huéng D = (V, A) véi phan hoach
V =1UK sao cho D[K] 1a d6 thi giai ¢au, D[I] khong ¢ cung thudc A
va voi moi cdp dinh uel,veK c6 dung mdt trong cac cung (U,v) va
(v,u) thuoc A. Ta ky hiéu d6 thi giai dau tich cuc nay la
D=ST(I UK,A). Vén d& nghién ciru sy ton tai cac chu trinh roi nhau
véi do dai khac nhau trong cac dd thi ¢o hudng dugce bat dau nghién
ctru tir ndm 1983 boi C. Thomassen, cho dén nay da thu duoc nhiéu két
qua sdu sic va tha vi. Trong bai bao nay, ching toi s& tiép tuc nghién
cuu sy tdn tai cac chu trinh roi nhau véi d§ dai khac nhau trong cac dd
thi moi, do 1a 16p dd thi gidi du tach cuc lién thong manh véi bac ra
nho nhat bang 3. Chiing toi ching minh duge mét so diéu kién can dé
16p db thi giai d4u tach cuc nay khong ¢ cac chu trinh roi nhau véi do
dai khac nhau. Céc két qua chinh trong bai bao nay 1a nhilng dong gop
budc dau, quan trong trong viéc tim ra mot dic trung cho 16p db thi giai
dau tach cuc lién thong manh véi bac ra nho nhat bang 3, khong c6 cac
chu trinh ro1 nhau voi @6 dai khac nhau.
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1. Giéi thiéu

‘ D) thi c6 hudng 1a mot cong cu manh mé trong todn hoc va khoa hoc may tinh, dugc sir dung
dé mo hinh hoa va giadi quyét nhiéu van de thuc t€, chang han nhu xay dung cac cau tric dir li€u,
tim kiém dudng di, sap x€p té po, phan tich mang xa hoi, xay dung céc cong cu tim kiém, va
nhiéu linh vuc khac.

Trong bai bao nay, cac do thi c6 hudéng dugc xem xét 1a d6 thi ¢6 so6 dinh hiru han, khong co
khuyén, khong c6 canh boi va khong c6 chu trinh véi d6 dai bang 2. Gid sut D= (V , A) la mét do
thi co6 hudng voi V 13 tdp dinh va Ala tdp cung. Pinh veV goi 1a ling giéng ra (twong Ung,
lang giéng vao) cua dinh ueV néu (u,v) € A (tuong ung, (v,u) € A). Chung ta ky hi¢u tap tat

ca cac lang giéng ra (twong tmg, lang giéng vao) ctia u 1a N (u) hoic N*(u) (twong tng, N (u)

hoic N~ (u)), ‘Ng(u)‘ (twong tng,

Ng(u)‘) goi 1a bdc ra (twong tmg, bdc vao) clia U va dugc
ky hiéu 1a d}(u) hodc d*(u) (twong tmg, dg(u) hodc d~(u)), min{dg(u) |uev} (twong tmg,

min{d,g(u) u ev}) goi 1a bdc ra nhé nhdt (twong tng, bdc vao nhé nhdt) cua D. Néu W <V
thi d6 thi con ctia D cdm sinh béi thp W duoc ky hiéu 1a D[W]. Do thi c6 huéng D =(V,A)goi la
lién théng manh néu véi moi cap dinh phan biét u,veV déu ton tai duong di tir u dén v va duong
di tir v dén u. Ngoai ra, cac khai niém khac vé do thi co huéng dugc trinh bay day du trong [1].

Do thi c6 huéng D=(V,A) goi 1a do thi gidi dau néu véi moi cdp dinh phéan bigt u,veV déu
ton tai cung uv hogc cung vu thudc A. Do thi ¢ huéng D =(V,A) goi 1a dé thj gidi ddu tach cuc
néu ton tai phan hoach V =1 UK sao cho d6 thi D[K] la do thi giai dau, D[1] khong c6 cung
thudc A va v6i moi cdp dinh uel,ve K déu ton tai cung (u,v) hodc cung (v,u) thudc A. Chiing ta
ky hiéu db thi giai déu tich cyc 1a D=ST (1 UK, A).

Céc nha nghién ctru di quan tdm dén cac diéu kién dé ton tai cac chu trinh roi nhau trong dd thi
¢6 hudng tir 1au. Nam 1983, Thomassen [2] da chung minh dugc raing moi d6 thi c6 hudng voi bac
ra nho nhat it nhat bang 3 déu chua hai chu trinh roi nhau. Tuy nhién, két qua nay chua xac dinh
dugc do dai cua cac chu trinh roi nhau d6 c6 khac nhau hay khong. Ti€p theo, ndm 2012, Henning
va Yeo [3] da dua ra mot gia thuyét rang moi do thi c6 hudng voi bac ra nho nhat it nhat bang 4 déu
chtra hai chu trinh roi nhau c¢6 d¢ dai khac nhau. Gia thuyét nay da dugc chimg minh vao ndm 2014
bdi Lichiardopol [4]. Nhu vay, véi do thi ¢o hudng voi bac ra nho nhat bang 3 thi ton tai cac chu
trinh rdi nhau nhung do dai cac chu trinh nay c6 thé bang nhau hogc khac nhau. Hinh 1 (d6 thi D3

13.d5 thi 0 t3p dinh V (D) = vy V;,... Vs } v& t8p canh A(D)={(v,v))I(j~i)(mod7) < {1.2,4}}) 14

mot vi du minh hoa cho d6 thi c6 hu0'ng véi bac nho nhat bang 3 nhung khong ton tai cac chu
trinh ro1 nhau vo6i d6 dai khac nhau. Trong nhiing nam gin day, nhiéu nha nghién ctru da quan
tam dén cac diéu kién dam bao sy ton tai cla cac chu trinh r&i nhau c6 do dai khac nhau trong dd
thi ¢6 huéng, dién hinh 1a cac két qua cho 16p do thi giai ddu va do thi giai déu hai phan [5], 16p
dd thi gial dau k phan [6], lop d6 thi giai dau bo phan [7], (va céc tai liéu tham khao trong do).
Mot s kién thirc quan trong vé 16p. dd thi giai dau duoc trinh bay trong [8].

Trong bai bao nay, chung tdi tiép tuc nghién ctru sy ton tai cac chu trinh roi nhau véi do dai
khac nhau cho 16p d0 thi giai d4u tach cuc. Cac két qua dat dugc trong bai bao nay 1a chimg minh
duoc mot s6 diéu kién can dé dd thi giai d4u tach cuc lién thong manh, c6 bac ra nho nhét br:ing 3,
nhung khong c6 cac chu trinh roi nhau véi d9 dai khac nhau.
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Hinh 1. D6 thi D}

2. Phuwong phap nghién ciu
Bit dau tir ddy, chiing ta ludn gid thiét ring D =ST (1 UK, A) la do thi giai déu tach cuc lién
thong manh vai bac ra nho nhit bang 3, khong c6 cac chu trinh rdi nhau voi do dai khac nhau. Vi
D ¢6 bac ra nho nhat bang 3 nén theo C. Thomassen [2], D ¢6 hai chu trinh roi nhau A’ va A'
chéc chin c6 cung d6 dai t > 3. Gia st véi j e {0,1} , dat
AJ = (aé laj_j !"'la‘[j_lva(g)y
VI =VA(V (A7) v (AY).
Trong cac chirng minh dudi day ta ludn gia st j e {0,1} va j+1 dugc xac dinh theo modulo
2. Trude hét ching ta x4c dinh gia tri cua t.
B6 d8 1. B dai cic chu trinh A° va A la t=3 va Al chira nhiéu nhat mét dinh thuée I
Chimg minh. Gia sit t>4. Truée hét ta gia st a] va a] cing thuge K. Néu (a],a} Je A thi
(aoJ ,azj - atj_ 1) a({ ) va A*! 13 hai chu trinh rdi nhau véi do dai khac nhau, mau thuan. Néu
(a,j , ag ) e A thi (a& , 61’ , a2j , a& ) va A1 14 hai chu trinh roi nhau véi d0 dai khac nhau, mau thuan.
Do vay aoJ va a2j khong thé cung thudc K, khong mét tinh tong quat ta gia sir ad el . T do suyra
aj,al,eK. Néu (a),a),)eA (wong ing, (a),,a/)eA) thi (af,a/,a),,a)) (twong img,
(als,a/,..a);))va Al 1a hai chu trinh roi nhau v6i o dai khac nhau, mau thudn. Vay, t=3.

Vi A! ¢6 diing ba dinh nén dé dang thdy A’ s& c6 nhidu nhat mot dinh thudc tap 1. O
Tur B6 dé 1, tir nay trd vé sau ching ta chi xét cac chu trinh A° va A" véi @6 dai t=3. Tiép
theo ta s& ching minh V' # ¢ .
B6dé2.V #¢.
Chirng minh. Gia st V' = ¢ . Khi d6 d6 thi D chi c6 ding 6 dinh, do d6 ta co
18< Y d*(v)=|A(D)|<CZ=15
veV(D)

didunaylavo ly. Vay, V =g . O
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B6 dé 3. Gid sir P=(V,,V,,...,v,) la m¢t dwong di trong D[V}. Khi do, néu v, cé lang
giéng ra trong \/ (P) thi 1>3 va vV, , la lang giéng ra duy nhat ciia v, trong V (P). Tuong tu,
néu v, cé lang giéng vao thi 1 >3 va V, la lang giéng vao duy nhat ciia v, trong V (P).

Chitng minh. Gia st v, ¢6 mot lang giéngra v, eV (P) voi i #1—2 thi C=(V;, Vg,V V; )
1a mét chu trinh 6 d¢ dai khéc 3 trong D [v} Khi d6, C va Al 1a hai chu trinh rdi nhau c6 do
dai khac nhau trong D, diéu nay 1a mau thuin. Vay | >3 va V,_, lalang giéng ra duy nhit caa "
trong V (P). Tuong tu nhu vay, chiing ta c6 thé chimg minh dugc néu v, ¢6 lang giéng vao thi
>3 va v,lalang giéng vao duy nhit cua v, trong V (P). O

Bb dé 4. Gid sit P=(V;,V,,...,\;) ld mt duomg di trong D|V'|. Khi do

(i) Néu v, cé mét lang giéng vao trong (Aj ) thi v, c6 nhiéu nhdt mét lang giéng ra trong
V(AT) vei je{0,1},

(i) Néu Vv, ¢6 hai lang giéng vao trong V (Aj) thi v, khong co lang giéng ra ndo trong
V(A) vei jefoy,

(iii) Néu v, cé mét lang giéng ra trong \V (Aj ) thi v, c6 nhiéu nhdt mgt lang giéng vao trong
V(A) vei je{01},

(iv) Néu Vv, ¢6 hai lang giéng ra trong (Aj) thi v, khong co lang giéng vdo nao trong
V(AT) véi jefo,1}

Chiimg minh. (i) Gia st v, c6 mot lang giéng vao aij eV (Aj ) nhung v, c6 hai lang giéng ra
al,al eV (Al). Khi do (a/,P,a},...al)va A" hodc (a/,P,a),...al) va A" a hai chu
trinh roi nhau c6 d6 dai khac nhau trong D, diéu nay 1a mau thuin.

(i) Gia str v; c6 hai lang giéng vao arj ,asj eV (Aj ) nhung v, c6 mot lang giéng ra
a) eV (A). Khido (a),P.a/),...a)) va A" hoge (a),P,a),...a}) va AI*! Ia hai chu trinh
r0i nhau ¢6 d6 dai khac nhau trong D, diéu nay 1a mau thuan.

(iii) Gia su v, co mot lang giéng ra aij eV (Aj) nhung v, c6 hai lang giéng vao
al,al eV(Aj). Khi d6 (arj ,P,al,.

ri1-s

aj) va AI*! hodc (as",P,aij,...,a'

a) J) va A7 1a hai chu
trinh roi nhau c6 d6 dai khac nhau trong D, diéu nay 12 mau thuin.
(iv) Gia st v, c6 hai lang giéng ra alrj , aSJ eV (Aj ) nhung v,c6 mdot lang giéng vao
a) eV (A). Khido (a,P,a),..,a) Jva A7 hoge (a/,P,a),..,a}) va AI*! la hai chu trinh
roi nhau c¢6 do dai khac nhau trong D, di€u nay la mau thuan. ]
Bo deé 5. Gid sir ueV . Dat
X, ={veV| ton tai dwong di tiru dén v }.
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Khi @6 néu u c¢é hai lang giéng vao trong V (Aj) véi je {0,1}, thi véi méi dinh thugc X,
déu khéng c6 lang giéng ra thuéc V (Aj ) va khéng c6 ling giéng vao thuée N (AM) :

Chitng minh. Hién nhién ta c6 u e X . Gia st ve X, va P la duong di tir u dén v. Vi u c6 hai
lang giéng vao trong V (Aj ) nén theo B6 d¢ 4, v khong co lang giéng ra nao trong V (Aj ) .

Bay gio ta gia st ve X, va v c6 mot lang giéng vao trong V (Aj+1) .Gid st P=(v;,V,,...,V)
1a mot duong di dai nhat trong D [v ] voi v, =v. Khi d6 theo B6 dé 3, v, c6 nhiéu nhat mot lang
giéng ra trong V' va theo chiing minh & trén thi v, khong c6 lang giéng ra ndo trong V (Aj ) . Do
do, v, cd it nhat hai ling giéng ra trong V (A™) vi bac ra nho nhat caa D 1a 3, diéu nay mau
thudn véi Bo dé 4. o

Bo @@ 6. Gid sir ueV' . Khi dé

(i) Néu (aij,u)eA thi (u,aiﬂl)géA,

(i) Néu (u,aij)eA thi (ai‘;l,u)gA.

Chirng minh. (i) Gia st (u, al,)e A. Khi do (aij U,a),.,8) ) va Al 1a hai chu trinh rdi
nhau c6 9 dai khac nhau trong D, diéu nay 1a mau thudn. Vay, (u,a/, ) e A.

(ii) Gia s (a/;,u) e A. Khi d6 (a/;,u,a),..,a);) va Al Ia hai chu trinh rdi nhau c6 o dai
khac nhau trong D, diéu nay 14 mau thudn. Viy, (a,{ iy u) gA. O

B6 d& 7. Gia sir u eV ' va uké véi tat cd cc dinh cia A'. Khi do

(i) Néu u cé mét lang giéng ra thuéc (Aj ) thi (u,v)e A véi moi veV (Aj ),

(i) Néu u cé mét lang giéng vao thujc N (Aj ) thi (v,u)e A véi moi veV (Aj )

Chitng minh. (i) Khong mit tinh tong quat ta gia sir (u, ad ) e A. Vi u ké voi tat ca cac dinh
ciia Al nén theo (ii) ctia B6 d8 6 ta c6 (u, azj ) € A. Lap luan tuong tu suy ra (u, a1J ) eA.

(if) Khong mét tinh tong quat ta gia sir (a],u)e A. Vi uké voi tht ca céc dinh cia Al nén
theo (i) ctia BO dé 6 ta c6 (a1J ,u) € A. Lap luén tuong tu ta co (azj ,u) eA. a
3. Két qua chinh

Trong muc ndy, chung ti s& trinh bay mot sé két qua nghién ciru chinh cua bai bao. Cac két
tim dugc 14 tim ra mbi quan hé giita cac dinh thuoc V' véi cac dinh thuge V (AO ) (WAY) (Al) trong
mot s6 trudng hop.

Trudng hop dau tién chung ta nghién ctru 1a xem xét dinh u thude V' k& véi tit ca cac dinh
cia A’ va Al. Két qua dat duoc 1a Dinh Iy 1 dudi day.
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Binh Iy 1. Gid sir u eV va u ké voi tdt ca cac dinh thuge N (A°) OV (A"). Khi d6 hoac la
(V,u)eA Vvoi moi VeV(AO) va (u,v)eA VoIl moi VeV(Al), hoac la (V,u)eA voi moi
VeV(Al) va (u,v)eA VoI moi VEV(AO).

Chitmg minh. Vi Al chira nhiéu nhét mot dinh thuoe | nén ton tai weV (A°JLV (A') sao
cho u k& v6i w, nghia la (w,u)e A hodc (u,w)eA. Bing cach dbi tén A’ va A' ta gia su
weV (A%).

Trude hét, ta gia str (w,u) € A. Theo (ii) cia B dé 7 ta co (v,u)e A voi moi veV (A°). Gia
st (v,u)e A véi moi veV (Al) . Vi D lién thong manh nén ton tai dudng P =(v,,V,,...,V;,;) Voi
V=V, €V, eV (A%) UV (AY) Tir do suy ra mau thuin véi Bo dé 4. Vay, (u,v)e A
voi moi veV (A').

Bay gio ta xét truong hop (u,w)eA. Theo (i) ciia B6 dé 7 ta ¢6 (u,v)eA voéi moi
VeV(AO). Gia st (u,v)eA vOi moi VeV(Al). Vi D lién théng manh nén ton tai duong
Q=(V,Vy,..,Vp,y) VOi vV €V (AO)UV (Al),vz,...,vl eV',V,,; =U. Tir 6 suy ra mau thudn véi
B6 dé 4. Vay, (V,u)eA VvOi moi VeV(Al). ]

Tiép theo chung ta nghién ciru trudng hop dinh u thude V' khong ké véi dung mét dinh thude
mdi chu trinh A® va Al. Két qua dat duoc 12 Dinh 1y 2 dudi day.

Pinh 1y 2. Giasir ueV', uel va Al N1 =¢ véimoi je{0,1}. Khi dé

(i)  u c6 nhiéu nhit mét lang giéng vao thuéc tip V (Aj ) véimoi je{0,1}

(i) u c6 nhiéu nhdt mét lang giéng vao thuée V (Ao ) (WAY) (Al) ,

(iii) u 6 it nhat mét lang giéng vdo thuéc V (AO ) (WAY) (Al) ,

(iV) u c6 diing mét lang giéng vao va cé ding ba ldng giéng ra thuéc V (AO ) uV (Al) :

Néu a,ak el thi hodc la (&,5.u), (ual), (u.al,) (ua,)e A, hodc la (a,.u),

(u a ) (u a’ ) (u a’ )e A. Hon nita, néu (a&z,u)eA (twong iimg, (a§+2,u)eA), thi ta

' Ms+l ' P4l ' P42

ciing c6 (a?+2’ai-+1)’ (ar(')+2'a§+2) € A (tuong ung, (aiia?ﬂ)’ (ai’a&z) €A).

Chitng minh. Khong mét tinh tong quat ta gia st aJ,a; e | . Khi d6 theo Bo dé 1 ta c6
al,a),a,a; K.

(i) Gia sir u ¢6 hai lang giéng vao thude tap V (A”), suy ra (a7,u), (a3,u) € A. Theo Bé dé
5, (u,ail), (u,a%) € A. Vi bic ra nho nhét cta u 1a 3 nén ton tai veV sao cho (u,v) e A.Dé

thdy ve K . Do do, v ké voi tit ca cac dinh thuoe V (A’ ) UV (A'). Tir Bb d& 4 va Dinh Iy 1 dé
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dang thiy rang moi dinh ctia V (AO) déu 1a lang giéng vao cta v va moi dinh cia V (/—\l) déu 1a
lang giéng ra cua v. Néu ton tai dinh ai1 eV (Al) c6 lang giéng ra weV' thi theo B6 dé 5 ta co
(w,v) € A tir d6 dan dén mau thuin voi BS dé 4. Vay, moi dinh thuge V (A') khong c6 ling
giéng ra thudc V' . Do d¢6 mdi dinh thudc V (Al) c6 it nhat hai lang giéng ra thudc V (AO) . Suy
ra (a(l,af) (a(l,ag) eA

Néu (aj,af ) Athi (af,a,u.a; ) va (v,a5,85, 4, v) 14 hai chu trinh rdi nhau cé d6 dai khac
nhau, mau thuan. Do d6 (al ai) ( ) (all, a2)

Néu (a5,a))e A thi (a3,a),u,85) va (v.a5,a5,a, v) 1a hai chu trinh roi nhau ¢6 do dai
khidc nhau, mau thuidn. Do do (a1 ,az) aﬁ,ao) (az,ag) e A. Khi do, (u,aﬁ,ag,u) va
(v, ag,a;,ay ,V) 14 hai chu trinh r0i nhau ¢6 d6 dai khéc nhau, mau thuan.

(ii) Gia sir U c6 hai lang giéng vao thude V (AO ) uVv (Al) . Theo (i), u c6 mot lang giéng vao
Z, eV (AO) va mot lang giéng vao z eV (Al) . Ty B6 d& 6 dé& dang suy ra
(ag,u), (a%,u), (u,alo), (u,ail) € A. Vi D c6 bac ra nhé nhat bang 3 nén ton tai veV sao cho
(u,v)e A.DE thdy veK.

Néu (V, a ) € A thi (aio ,a5,u,v,a; ) va A 14 hai chu trinh roi nhau c6 d¢ dai khic nhau, mau
thuan. Do d6 (af,v) € A. Theo Binh Iy 1, moi dinh cua V (AO) déu 1a lang giéng vao cta v va
moi dinh cta V (Al) déu 1a lang giéng ra ctia v. Tir d6 suy ra mau thuan véi B dé 4.

(iii) Gia sir u khong co6 lang giéng vao thudc V (AO)UV (Al) .Suy ra a’,ad,al,a; la lang
giéng ra ctua U. Vi D lién théng manh nén ton tai mot duong di P= (V,Vy,.y V) VOI
vy €V (A") UV (A"), V.0V €V Vg =U. Tir d6 dan dén mau thudn voi BO dé 4.

(iv) Tu (ii) va (iii) ta suy ra U c6 ding mot lang giéng vao va ba lang giéng ra thudc
V(A oV (A).

Néu u c6 ding mot lang giéng vao thude V (AO) thi tir b6 dé 6 d& dang suy ra (ag , u) €A va
(u,af), (u,ail), (u,a%) € A. Bay gio ta xét mbi quan hé gitra ag voi (AO)V ={u,a1°,a§,u} va A
Dé dang suy ra (ag,ai), (ag,a;) €A

Néu U c6 mot lang giéng vao thude V (Al) thi bang cach chimg minh twong ty nhu trén ta

suy ra (aﬁ,u)eA, (uall) (uaf) (u,ag) e Ava {afag}(aéaf) (aéag) eA. O
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4. Két luan

Nghién ctu sy tdn tai cac chu trinh roi nhau véi d6 dai khac nhau trong dd thi co hudng la
mot hudng nghién ciru méi, thi vi va c6 tinh chat thoi su trong 1y thuyét do thi. Ching ta biét
rang, véi d6 thi c6 huéng ma bac ra nho nhat 1én hon hodc bang 4 thi d¢a duoc chimg minh 1a déu
c6 cac chu trinh roi nhau véi d6 dai khac nhau. Nhu vay, trong tdm nghién ctu hién nay 1a xem
xét trudng hop dd thi 6 hudng cd bac ra nho nhat bang 3. Pa co nhidu két qua dat dugc vé
hudng nghién ciru nay cho nhiing 16p dd thi c6 hudng khac nhau. Bai bao cua chung t6i tiép tuc
theo hudng nghién ciru nay bing viéc xem xét 16p do thi giai dau tach cyc, trude mat chung toi
chtirng minh dugc mot s6 diéu kién can dé mot do thi giai déu tach cuc lién thong manh véi bac ra
nho nhat bang 3 nhung khong c6 cac chu trinh rdi nhau véi do dai khac nhau. Trong phan dau
ctia bai bao (Muc 2), mot s6 bd dé (tr Bo d¢ 1 dén B6 dé 7) da duoc ching minh 1am co so dé
dan dén két qua chinh (Muc 3). Cac két qua chinh dugc trinh bay trong Dinh ly 1 va Dinh Iy 2.
Ttir nhitng két qua ban dau nay, hy vong trong thoi gian toi chung t61 s€ giai quyet duogc tron ven
bai toan dat ra, nghia la tim ra dugc dic trung (dleu kién can va du) dé mot do thi giai dAu tach
cuc lién thong manh véi bac ra nho nhét bang 3 nhung khéng c¢6 cac chu trinh roi nhau véi do dai
khac nhau.

Loi cam on
Cac tac gia bai bao xin chan thanh cam on cac phan bién da c6 nhiing dong gép quy bau, giup
cho bai bao dugc hoan thi¢n mot cach khoa hoc va day du hon.
TAI LIEU THAM KHAO/ REFERENCES

[1] J. Bang-Jensen and G. Gutin, Digraphs. Theory, Algorithms and Applications, Springer, New York,
2001.

[2] C. Thomassen, “Disjoint cycles in digraphs,” Combinatorica, vol. 3, pp. 393 — 396, 1983.

[3] M. A. Henning and A. Yeo, “Vertex disjoint cycles of different length in digraphs,” SIAM J. Discrete
Math., vol. 26, pp. 687 — 694, 2012.

[4] N. Lichiardopol, “Proof of a conjecture of Henning and Yeo on vertex-disjoint directed cycles,” SIAM
J. Discrete Math., vol. 28, pp. 1618 — 1627, 2014.

[5] D. T. Ngo, “Tournaments and bipartite tournaments without vertex disjoint cycles of different lengths,”
SIAM J. Discrete Math., vol. 35, no. 1, pp. 485 — 494, 2021.

[6] X. H. Le, D. H. Do, and D. T. Ngo, “Vertex-disjoint cycles of different lengths in multipartite
tournaments,” Discrete Math., vol. 345, 2022, Art. no. 112819.

[7]1 X. H. Le and D. T. Ngo, “Vertex-Disjoint Cycles of Different Lengths in Local Tournaments,” Graphs
and Combinatorics, vol. 39, no. 5, 2023, Art. no. 92.

[8] J. Bang-Jensen and F. Havet, “Tournaments and semicomplete digraphs,” in Classes of Directed
Graphs, J. Bang-Jensen and F. Havet, eds., Springer, New York, 2018, pp. 35 — 124.

http://jst.tnu.edu.vn 10 Email: jst@tnu.edu.vn



