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Mé& dau

Ciing v6i syt phét trién véi toc do nhanh clia cong nghé thong tin, 1y
thuyét to hop va do thi da tro thanh cac linh vuc toan hoc quan trong va
can thiét cho nhiéu linh vuc khoa hoc va ting dung. Ly thuyét to hop la chiéc
cau noi gitta cac bai toan can dude gidi quyét véi cong cu tinh toan, con do
thi 14 mo hinh truc quan dé mo ta cac quan hé hai ngoi.

Trong nhitng thap k¥ gan day, ngudi ta da quan tam nhiéu t6i do thi
va cac ting dung ciia né. D6 14 do do thi da ching t6 duge 1a mot mo hinh
hitu hiéu cho tinh toan va t6i wu. Ngay nay khai niem do thi da xam nhap
khong chi vao cac linh vuc khoa hoc ty nhién truyén théng nhu toan hoc,
vat 1y hoc hay hod hoc, ma con vao nhiéu linh vizc khoa hoc tu nhién va xa
hoi khac.

C6 nhiéu bai toan toan vé 1y thuyét dd thi can dugce tim hiéu nhu bai
toan tdi wu trén do thi, bai toan to mau do thi, ciau trac do thi, ... Cac bai
toan vé do thi ciing thuong xuat hién trong cac dé thi hoc sinh gidi cac cap.
Luan van tim hiéu vé mot sé bai toan dém trén 1y thuyét dd thi nhu bai toan
dém cay; tinh s6 cay khung; tim méi lién hé gitta mot s6 yéu t6 trong do thi
nhu canh, dinh; dém s6 tam giac trén do thi.

Luan vin dugc chia lam hai chuong. Chuong 1 trinh bay mot s6 kién
thiic chuan bi vé dai s6 t6 hop, cong thiic da thic va mé dau vé 1y thuyét do
thi. Tuy la kién thtic chuan bi cho Chuong 2 nhung déi véi tac gia nhiéu kién
thiic clia chuong 1a kién thitc méi va ¢6 nhiéu ing dung trong gidi toan phd
thong. Chuong nay chii yéu tham khéo theo céc tai lieu [1, 2, 4]. Chuong 2
trinh bay vé mot s6 bai toan dém co ban trong 1y thuyét do thi. Bat dau la
bai toan dém vé cay. Viéc dém s6 dinh, s6 canh clia cay ciing cho ta mot so
dic trung clia cay (Dinh 1y méc xich kiéu hoa ctic). Tiép theo luan van tim

hiéu vé s6 cay trén tap dinh cho trude, sé cay c6 n dinh cho trude, véi n 1a



mot s6 nguyen duong. Luan van ciing tim hiéu cach tinh s6 cay khung bing
ma tran Laplacian. Viéc danh gia s6 dinh, s6 canh ctia do thi phang ciing
duge xem 13 bai toan dém. Cudi cling luan van trinh bay mot s6 danh gia
ve viec dém s6 tam giac trong do thi, bai todn nay ciing thuong xuat hién
trong cac dé thi hoc sinh giéi. Chuong 2 tham khéo chinh theo céc tai lieu
I, 6, 7, 1, 9].

Trong qué trinh lam luan van, t6i nhan duge sy huéng dan va giap dé
tan tinh ctia TS. Tran Nguyén An - Truong Dai hoc Su pham - Dai hoc Thai
Nguyén. Toi xin duge bay t6 long biét on sau sac dén thay.

To6i xin gt 161 cAm on chan thanh dén quy thay co gidng day 16p Cao
hoc khéa Cao hoc Toan khoa 11E (2017-2019) - truong Dai hoc Khoa hoc
- Dai hoc Thai Nguyén, da truyeén thu dén cho toi nhicu kién thic va kinh
nghiém nghién ctu khoa hoc.

Loi cubi cling, tac gid mudn danh dé tri an bd me va gia dinh vi da

chia sé nhitng khé khan dé tac gia hoan thanh cong viéc hoc tap clia minh.

Thai Nguyén, ngay 30 thang 01 nam 2019
Tac gia

Ninh Thi Nu



Chuong 1

M& dau dai s6 to hop va 1y thuyét do
thi

1.1. Dai sb6 t6 hop

Muc nay nhic lai mot s6 kién thitc chuan bi vé Dai s6 t6 hop nhu cac
quy tic dém co ban, cac cong thiic td hgp. Tai lieu tham khao chinh ctia muc
1.1va1.2Ila
1. Tran Nguyén An vd Nguyén Van Hoang (2016), Tap hop va logic Todn,
NXB Dai hoc Thai Nguyén.

2. Ngo Déc Tan (2003), Ly thuyét to hop va do thi, NXB Dai hoc Qubc gia
Ha Noi.

Nguoi ta thuong phan biét nhiéu mic do trong viéc gidi cac bai toan
t0 hgp. Mitc do dau tién la tim it nhat mot cach b6 ¢ri nhing doi tugng co
tinh chat da cho. Néu bai toan td hgp c6 nhicu 15i giai thi van dé dat ra la
dém s6 10i gidi, va mo ta tat ca cac 1oi gidi clia cac bai toan da cho. Cudi
cting, néu cac 10i giai khac nhau duge phan biét v6i nhau bdi nhitng tham s6
nao do, thi vin dé dit ra la tim 10i gidi t6i wu clia bai toan da cho. O day
chiing ta sé chi gi6i han vao viéc dém s6 15i giai ctia bai toan to hop.

Dé lam viéc nay, ngudi ta thuong 4p dung nhitng cong thic thiét lap
cho ting loai bai toan. Tat ci cac cong thiic ay, xét cho cliing, déu duya trén

hai quy tac don gian 1a quy tac cong va quy tac nhan.

Dinh nghia 1.1.1 (Quy tic cong). Néu mot cong viée nao d6 cé thé thue
hién theo n phuong an khac nhau, trong dé: phuong an 1 ¢6 m; cach thuc
hién, phuong an 2 c6 msy cach thyc hién, ..., phuong an thia n c6 m,, cach

thuce hien. Khi do, c6: mq + mg + ... +m,, cach dé hoan thanh cong viec da



cho.

Ta phat biéu quy tic cong theo ngdn ngit tap hop: Goi A; 1a tap hop
cac doi tugng x1, Ao 1a tap hop cac déi tuong o, ..., A, 1a tap hop cac doi
tugng x,,. Moi cach chon doi tugng x; ing véi mot phan tit ctia A; va dao
lai. Diéu kién "cach chon doéi tugng z; khong trung véi bat ky doi tuong x;,
(j #4)" duge dién ta theo ngon ngh tap hop bang dieu kien: A, N A; = 0,
(1 # j); 1,5 = 1,2,...;n. Cach chon "x; hodc xo ... hodc x,," duge phién
dich thanh cach chon mot phan tit ctia tap hop A; U Ay U ... U A,,. Céc s
my, Mo, ..., m, theo thit tu 14 s6 phan ti ctia tap hop A, Ao, ..., A, tic 14,

theo cach ky hiéu quen thuoc my = |A4|, mg = |As|, ..., my, = |A,].

Ménh dé 1.1.2. Néu Ay, ..., A, la cic tap hop hitu han doi mot roi nhay,
khi do:
AT UL UA, = A+ o+ A + A
Quy tic cong c6 thé md rong cho cong thiic |A; U Ay U ... U A,], trong
d6 Aj,..., A, 1a cac tap hgp hitu han tuy y (khong nhat thiét doi mot roi
nhau). Cong thic nay duge goi la Nguyén ly bao ham va loai tri.

Dinh 1y 1.1.3 (Nguyén Iy bao ham va loai trtt). Gid s Ay, As, ... A,. La cdc
tap hiu han bat ky. Khi do:
[AJUA U L UA = ) A= > A N Ayl + ...

1<ii<n 1<i1<ia<n

+(=DF YT A N A NN A+

+ (=)™ A, N A, N LN A

Dinh nghia 1.1.4 (Quy tic nhan). Néu mot cong viéc ndo dé phéai hoan
thanh qua m giai doan lién tiép, trong dé: giai doan 1 c6 m; cach thuyc hién,
giai doan 2 c6 moy cach thuc hién, ..., giai doan n c¢6 m,, cach thuc hién. Khi
d6, c6: my.ma...m,, cach dé hoan thanh cong viéc da cho.
Ménh dé 1.1.5. Cho s tdp hop hitu han Ay, As, ..., A, (n > 2). Khi dé

‘Al X AQ X ... X An‘ = ‘A1||A2||An|
Dinh nghia 1.1.6. Cho X la mot tap hop cé n phan t¢ va k > 0 la mot so
tw nhién. Mot chinh hop c6 lap chap k cia n phan t& 1o mot bo sdp thi tu
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gom k phan ti cia X. Ta ki hiéu Zﬁ la s6 chinh hop c6 lap chap k cia n
phan ti.

Vidu 1.1.7. Cho X = {a,b,c}. Khi dé (a,a,b,c) la mot chinh hop cé lap
chap 4 ciia 3 phan tii. Nhing bo (b, a,a), (a,b,c) la nhing chinh hgp cé ldp
chap 3 cia 3 phan t&. Tat cd cic chinh hop c6 ldp chap 2 cia 3 phan ti la

(a,a), (a,b), (a,c), (b,a), (b,b), (b,c), (c,a), (¢,b), (c,c).
Do dé A, = 9.
Meénh dé 1.1.8. Chinh hop cé ldp chdp k cia n phan té dude cho bdi cong
thic

A, =n"

Dinh nghia 1.1.9. Cho X la mot tap hop c6 n phan ti va 0 < k < n la
mot so tu nhién. Mot chinh hop khong ldp chap k cia n phan ti la mot bo
sdp thit tw gom k phdan ti phan biet cia X. Ta ki hieu A% la s6 chinh hop
khong lap chap k ciia n phan t.
Vidu 1.1.10. Cho X ={a,b,c}. Khi dé (a,b,c) la mot chinh hgp khong lap
chdp 3 ciia 3 phan ti; (b, a,a) khong la chinh hop khong lap chdp 3 cia 3 phan
tit. Cdc chinh hgp khong lap chap 2 cia 3 phan ti la (a,b), (a,c), (b, a), (b, ¢),
(¢,a),(c,b). Do dé A3 = 6.
Ménh dé 1.1.11. S6 cdc chinh hop khong lap chap k cia n phan ti dugc

cho bdi cong thic

!
qh— "
" (n—k)V

trong do ta quy udc 0! = 1.

Cho thuan tién, ta quy udc riang c6 dung mot chinh hgp khong lap

chap 0 cia n phan ti.

Dinh nghia 1.1.12. Cho X la mot tap hop cé n phan ti. Mot hodn vi cia
n phan ti& la mot bo sdp thit tu gom n phan t phan biét cia X. Ta ki hiéu

P, la s6 hodn vi ciia n phan ti.
Vi du 1.1.13. Cho X = {a,b,c}. Khi dé cic hodn vi clia 3 phan ti la
(a,b,c),(b,c,a),(c, a,b),(a,cb),(c,b a)b,a,c).
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Do do Pg = 0.
Ménh dé 1.1.14. S6 cdc hodin vi ciia n phan t& dudc cho bdi cong thic

P, =nl

Dinh nghia 1.1.15. Cho n, k la cdc so tu nhién sao cho 0 < k < mn. Cho X
la mot tap gom n phan ti&. Mot to hop chdap k cia n phan té la mot tap con

cia X gom k phan ti. Ta ki hieu C* la s6 to hop chap k ciia n phan ti.
Vidu 1.1.16. Cho k =2 van = 4. Cho X = {a,b,c,d}. Khi dé cdc to hop
chap 2 cia 4 phan t trong tip X la

{a,b},{a,c}, {a,d}, {b,c}, {b,d},{c,d}.
Do dé C3 = 6.

Meénh dé 1.1.17. Cong thic tinh s cic to hop chdp k ciia n phan té dugc
cho bdi cong thic

trong do ta quy udc 0! = 1.

Meénh dé 1.1.18. Cho k,n la cic s tu nhién sao cho 0 < k < n. Khi dé ta

P

o
(i) Cy = Cy*.
(it) Cﬁf = Cﬁj + Cﬁ—r
(iii) Vdin va k la cdc s6 nguyén duong ta cé
Ch=ctly oty oot okl
Ménh dé 1.1.19. Cho sb tu nhién n > 1 va cho a,b la hai s6 thuc. Khi do
ta co

(a+b)" = C%™ +Cla"'b+ C2a" 20 + ...+ C" tab™ 1 + C™p".

Hé qua 1.1.20. Vdi mdi so tu nhién n ta cé

(i) CO+ Cl+ ...+ C" = 2" Do dé, cé 2" cdc tap con ciia mot tap gom n
phan ti.

(i) CO—Cl + C2 + ...+ (=1)*CEk + ...+ (—=1)"C" = 0.
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(iii) C} —2C2+3C3 —4C  + .. . + (=) kCF + ...+ (=1)""InC" = 0 vdi
mot n > 2.
(i) CL 4+ 2C% + ...+ kCE+ ...+ nC" = n2""! vdi moin > 1.

Két qua sau day cho ta cach dém s6 phan hoach mot tap hop c6 m

phan t cho truéc théa man mot sé6 yéu cau.

Dinh 1y 1.1.21. Cho cdc so tu nhién ki, ko, ..., ks sao cho ki + ko + ...+
ks = m. Khi dé s6 phan hoach mot tap hop A gom m phan ti& khdc nhau

thanh hop 107 rac cia s tap con By, B, ..., B, vdi so phan ti theo thi tu la
]€1, ]{32, ceey ]fs, b&ng
m)!
kqlko! .. kg

Chiing minh. Ta c6 thé thuc hién cac phan hoach da mo ta trén day cta tap
A thanh s tap con By, Bo, ..., B, nhu sau: Ta lay mot tap con B; bat ky
chtita k; phan tit ctia tap hop A (didu nay c6 thé thuce hien theo C* cach),
trong m — k1 phan tit con lai, ta 1y mot tap con By chiia ke phan tit (diéu
nay c6 thé thuc hién theo C’ff_ r, cach).... Khi d6, theo quy tac nhan, so tat

~

ca cac cach chon cac tap con By, By, ..., B, la

k1 ko ks ks
Om XOmfkl X Omfklfkg cee X Omfklfkgf...fksfl

o m! % (m - ]{31)' % (m - ]€1 - ]fg)'
- ]ﬁ'(m—kl)' kg!(m—kl—kg)! kg!(m—kl—kg—kg)!
(m—]ﬁ—kg—...—ks)!
X ... X
kd(m — ki — ks — ... — ky)!
m!
 kylkol k!

]

Dinh nghia 1.1.22. Cho s phan ti khdc nhau a1, as, . . ., as. Mot chinh hop
c6 liap chdp m cia s phan ti& da cho, trong dé cé ki phan tii thi nhat ai, c6
ko phan ti thit hai as, . .., va cé ks phan ti as (véim = ki +ky + ...+ k),
dugc goi la mot hodn vi 6 lap cap m = ki +ky+ ...+ kq kicu (ki, ko, ..., k)
clia s phan tit. S6 cdc hodn vi c6 lip cap m kiéu (ki, ko, ..., ks) clia s phan
te duoe ki hiéu la

Con(k1, ko, ..o k).
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