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Abstract

In this paper, we describe the structure of the cyclic module in the Leavitt path algebra
generated by elements in the original graph.
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Chuyén san Khoa hoc Ty nhién

1. M& dau

Cho mot @6 thi (truc tiép) E va mot
treong s6 K, Abrams va Aranda Pino (2005) di
gi6i thiéu 16p dai s6 duwong di Leavitt L, (E)
cam sinh tir @6 thi E. Lop dai s6 nay 1a mé rong
cua dai s6 Leavitt L, (1,n) (Leavitt, 1962). Sau
d6, Abrams (2015) da chi ra 1i do dai s6 duong
di Leavitt trd thanh mot trong nhimg ddi tugng
duoc quan tdm khong chi boi nhiéu nha dai s6
ma con co ca nhirng nha giai tich.

Trong 1y thuyét médun, nguoi ta quan tam
dén bai toan mé ta ciu trac cia médun hodc
ciu tric ciia modun con. Theo hudng nghién
clru ndy, c6 hai 16p modun dong vai tro nén
tang la modun don va modun cyclic. Mot
modun don 1a modun khong co ciu trac con
thuc sy va moédun cyclic 1a médun c6 hé sinh
chi gdbm mat phan tir. Abrams va Aranda Pino
(2005) da dua ra tiéu chuan trén d6 thi E dé
L (E) la modun don. Khi L (E) khéng la
modun don, ching ta c6 thé mé ta cac moédun
con don cua né hay khong? Day la cong viéc
tuong d6i phtc tap va dé bat dau, ching ta
phai xem xét ciu tric cac modun con cyclic.

Pai s6 duong di Leavitt cua do thi c6
hudng co6 tap sinh 1a tdp cac dinh va cac canh
cia d6 thi. Mot cach tu nhién, trong bai viét
nay ching t6i mo ta ciu triic cia modun cyclic
trong dai s6 duong di Leavitt sinh bdi cac canh
va cac dinh coa dd thi ban dau.

2. Pai s6 duwong di Leavitt va médun cyclic

Trong phan nay chung t6i nhic lai mot sb
khai niém vé d6 thi truc tiép va dai sé duong
di Leavitt.

Mot d6 thi E=(E° E*s,r) 1a mot bo bao
gdm hai tap hop E° va E' va hai anh xa
r,s:E!' > E°. Cac phan tir cia E° dugc goi la
C4c dinh va cac phan tir cua E' duoc goi 1a cac
canh. D6i v6i mdi canh e trong E', s(e) duoc
goi 14 diém dau cua e va r(e) duoc goi la
diém cuoi cia e. DS thi E dwoc goi 12 hitu han
néu cac tap E° va E® 1a cac tap hiru han phan
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ttr. Trong bai viét ndy, ta chi xét nhitng dd thi
hitu han.

Mot dwong di trong mot d6 thi E 1a chudi
cac canh p=ege,...e, sao cho

r(e)=s(e,;) véimoi i=1,2,..,n-1.

Trong dd thi E, mot dinh v duge goi la
dinh dim néu nhu s (V)= va v duoc goi la
goc néu nhu ri(v)=g, néu v khong phai la
ngon thi dugc goi 1a dinh chinh quy.

Cho mot do thi truc tiép E=(E° E!s,r)
va mot truong bat ki K, dai sé dwong di
Leavitt L, (E) cta d6 thi E v&i hé tir trén K
1a mot K -dai so sinh boi tip E° va E!, cling
v6i tap canh 4o {e"|e e E'}, théa min cac didu
kién sau véimoi v,we E° va e, f eE*:

(1) w=4,,w, (¢ lakihiéu Kronecker);
(2) s(e)e=e=er(e) va r(e)e" =e =e's(e);
(3) e'f =3, ,r(e);

(4) v= > ee’ v6i moi dinh chinh quy v.

ees(v)

Cho M la mot modun trén vanh R (trong
bai viét nay, moi médun déu dugc hi¢u la
modun trai). Néu M cé h¢ sinh chi gom mot
phan tir thi M duogc goi 1a médun cyclic (trén
vanh R). Mot modun khac 0 dugc goi la
modun don néu chi cd6 cdc mdédun con tam
thuong (1a 0 va chinh nd).

3. Két qua chinh

Trong phan nay, chung t6i mo ta cau tric
cua modun cyclic trong dai s6 duong di
Leavitt sinh bdi cac canh va cac dinh cua do
thi ban dau.

Pinh li 1. Cho E=(E%E.r,s) la do thi
hitu han voi K la truong bat ki. Khi d6 véi moi
canh f eE' ma ‘s’l(r(f))‘>0, ta co:

il (E)= feL, (E).

ees(r(f))
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Chizng minh. Trudc tién ta chang minh
4r(1(f)) feL (E)={0}.

Goi s*(r(f))={e,...e,}, neN",

Gia su «ae r(] )feLK(E) suy ra
ees(r(f)
3B, B, €L (E) dé
a="fep ="fep =.="1/z,. (3.1)
Nhan f* vao bén tréi, ta cé
(Bl =epf =..=¢p8,. (3.2)

Nhén e vao bén tréi, (32)< 4,=0=...=0.

Suy ra a=0 hay r(w )feLK(E):{O}.
ees™(r(f)

Tiép theo, ta chirng minh

flL,(E)c > fel(E).
ees™(r(f))
Lay batky xe fL (E) suy ra 3aeL, (E) dé
x=f.«a
=fr(f)a

*

=f. > e
ees™(r(f))
= z fee'ar e
) ees™(r(f)) ees™(r(f))
Cuoi cung, ta chirng minh
> fel (E)c fL (E).
ees(r(f))
Lay bat ky xe Y feL, (E) suy ra 3a,eL,(E),
ees™'(r(f))
ees™(r(f)) dé
X= Z fea,, a, e Ly (E)
ees(r(f))

=f[ > eaeJefLK(E). ]
ees™(r(f))

Pinh li 2. Cho E=(E° EYr,s) la mdt do
thi hitu hagn va XKla mot truong. Khi do voi
moi Ve E® khong la dinh dim ta cé

VL (E)= @ r(e)Lc (E).

ees(v)

feL, (E).

Chirng minh. Xét hai tuong g

p: VL (E)> @ r(e)L¢(E)

ees(v)

var Y ea

ees(v)

v @ r(e)L(E)—> VL (E)

ees(v)

rie)a,—> Y. ea,.
ees(v) ees(v)

Trudc tién ta chung minh yo=id,

Lay batky aelL, (E)taco

vop(va)=y(p(va))

| el

=./{ > r(e).e*aJ (didu kién (2)
ees(v)
trong dinh nghia)

Zeea

ees™t V

=va (diéu kién (4) trong dinh nghia).
Tiép theo ta chang minh @y =id,,

bitky x= " r ()ae@r() ()

ees(v) eest

o (x)=o(v (x))

o %)

_g{ z vea] (diéu kién (2) trong

ees™(v)

e Lay

dinh nghia)
Z (p (vea,)

= Z D eeq

ees™(v)ees}(v) °

= > r(e)a, =x (didu kién (3)
ees(v)
trong dinh nghia).
Ta kiém tra ¢ la dong cau:
p(a+wp)= Y e (la+up)
ees(v)
= > ela+eup
ees(v)
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_/IZeaJr,uZeﬁ

= ﬂ(/)(va) + ,uq)(v,B).
Trong d6 A, ueK va a,f el (E).
Cudi cung, ta kiém tra y ddng ciu:

l//(/1X+,uy) =w{ Z r(e)(/lae + up, )J

ees(v)

= 2. e(a,+up,)
ees(v)

_;LZea+yZeﬂ

=W( )+W(y)-
Trong d6 4, €K va

X = Z ea, Y= Y ep. ]

ees(v) ees(v)

4. Két luan

Trong truong hop vanh R 1a mot truong,
ta d¢ thay moi modun cyclic trén Rdéu la
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modun don. Nhung néu R khong 1a truong thi
két luan trén khong con ding. Bai viét da chi
ra diéu d6 trong trudong hop dai sé duong di
Leavitt.

Loi cam on: Bai bao duge hd tro boi dé
tai nghién ctru khoa hoc sinh vién Truong Dai
hoc Bong Thap ma so SPD2019.02.11./.
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