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= Ly thuyét xac suat

= Ly thuyét théng tin

= Ly thuyét vé sb hoc




Xac suat

# sw kién so cap cua A

= Plsw kién A] =

Y. suw kién so cap
Vi du 1:

» Tung xtc xac 1 1an. Goi A 1a s6 cham xuét

hién. P[4 = k] = 1/,

> Tung xUc xac 2 lan doc 1ap. Goi A 1a tong sb




Xac suat

= Vidu 2: Bai toan trung ngay sinh nhat

Trong mét phong khach cé n nguwoi. Hoi kha nang

xay ra hai nguwoi c6 trung ngay sinh la bao nhiéu?
= Bai toan twong tuw:

Trong 1 binh chira m qué béng danh sé khéac. Rut
ngau nhién lan lwot tirng qué c6 hoan lai. Tinh xac
sudt sau n lan rut xuat hién it nhat hai qué giong

nhau?
e




Xac suat

> K&t qua tdng quat:

mim—-—1)..(m—-—n+1)

P(mn) =1-— —
m
_n? n?
~1— e 2m ~ — khim » oo
2m
232

» P(m=365n=23)=~1— e 2:365 = (0.52

> Trung binh so |an rat trudce khi 1ap lai qua da rat la

mm
2




Xac suat

> Vidu (vé dung do cia ham bam):

H(s) =11001..10, VY xau s
n bit

= Hoi sO trung binh thir cac xau dau vao s 13
bao nhiéu dé bat gdp cd 2 xau cho cung két
qua’




Entropy (BPd khéng chac chan)

= Pinh nghia: Gia st X |a mdt bién ngau nhién nhan
cac giatri {x{,x,,...,x, } vaP[X = x;] = p;.

Entropy cua X dwoc xac dinh la:
n

H(X) =— pilog,p;

=1

voi qui woc p; = 0thilog,p; = 0




Tinh chat ctia Entropy

= 0< HX) < log,n

(log,n phan anh s6 don vi thong tin cia n )

» HX)=0 © p; =1vé¢imotsdoi vap; = 0v&iiconlai,

nghia la khong c6 két qua nao xult hién cla X la khong chac chan

u H(X) —_ logzn L= pl zl/n VL,

nghia la tat ca cac khanang cia X déu xay ra nhw nhau




Hop entropy clta hai bién ngau nhién

" HX,)Y)= —2xy PX =x,Y =y)log,(P(X =x,Y =)

= HX,Y)<HX)+ H(Y)
Diu= & X,Ydoc lap




Entropy diéu kién cla hai bién ngau nhién

= HX|Y =y)

== ) PX=x|Y =)log,(PX = x| Y =)

" HIX|Y) = Xy P(Y =y)HX|Y =y)




Tinh chat cta entropy diéu kién

= HX|Y =y)

== ) PX=x|Y =)log,(PX = x| Y =)

" HIX|Y) = Xy P(Y =y)HX|Y =y)




Ly thuyét sb hoc

Pinh nghia:

r N

Cho a, b 14 2 s6 tu nhién. Ta néi a chia hét b (hodc a la udc cua b;
b chia hét cho a; a 1a nhan tir ctia b) néu ton tai s6 tu nhién ¢ sao
cho b=ac

Khi a 14 uéc s ctia b, ta ky hiéu a | b

- J

Vi du:

. 5|15
. 17185




Ly thuyét sb hoc

Tinh chat ciia phép chia:

cala
* Néua|bvab|cthia|c

e Néua|bvaa|cthial| (bx+cy),véiVx,y €Z

e Néua|bvab|athia=+b




Ly thuyét sb hoc

Dinh nghia: (Phép chia hai sé tw nhién)

' Cho a, b 12 2 s tu nhién véi b = 1, phép chia a cho b dugc
thuong la g va du r sao cho:

a=qgb+1r,6d360<r <hb.
Ciap g, r la duy nhat. Ky hiéu phan thuong va du lan luot 13
a div b, va a mod b.

.

~

J

Vi du:

e 15mod4=3,15div4d=3




Ly thuyét sb hoc

Dinh nghia: (wdc sé chung)

(

o

S6 tu nhién ¢ goi 1a wdc chung cia a va b néu cla va c|b.

hiéu d = ged(a, b), néu thoa man 2 diéu kién sau:
v d la uwdc chung cua a va b; va
vV clavac|b thic|d

~

« Mot s6 khéng am d goi 1a ude chung 16n nhat cta a va b, ky

/

Vi du:

e gcd(15,10) =5




Ly thuyét sb hoc

Dinh nghia: (b6i s6 chung nho nhat)

Mot s6 khéng a&m d goi 1a bdi s6 chung nho nhat cta a va b, ky
hiéu d = lem(a, b), néu théa man 2 diéu kién sau:

v ald, b|d

vV a|c vabjc thi d|c

Chay: ab = lcm(a, b).gcd(a, b)

Vi du:
* lcm(15,10) =30




Ly thuyét sb hoc

(

.

Dinh nghia: (hai s6 nguyén té cung nhau)

Hai so tu nhién a, b goi la nguyén t6 clng nhau néu gcd(a, b) = 1

Vi du:

« 21 va 17 la nguyén t6 cung nhau vi ged(21,17) = 1



Ly thuyét sb hoc

Dinh nghia: (s6 nguyén t6)

S6 tu nhién a goi 1a s6 nguyén to a chi c6 udc duong duy nhat 13 1
va chinh no.

Neéu a khong la s6 nguyén to thi duoc goi la hop so.

-

\

Vi du:

« 17 14 s6 nguyén to
e 2113 hop so




Ly thuyét sb hoc

Tinh chat ciia s6 nquyén to:

« Néu p la so nguyén to va p|ab thi p|a hodc p|b

« Tap cac so nguyén to 1a vo han

m(x)

¢ lim = 1, v&i m(x) ky hiéu s6 cac so nguyén

x—o0 X/logx

téSx.




Ly thuyét sb hoc

Dinh ly: (vé phén tich ra thira s6 nguyén té) N
4

Moi sO tuy nhién n > 2 déu duoc phan tich thanh tich cua iy thira

cac so nguyeén to:

— a61,.62 €k
n - pl pz Y pk )

& d6 p; 14 cac sb nguyén td. Su phan tich trén 1 duy nhat khong ké
thir tur.

o /

Vi du:

 105=3.5.7
¢ 196 = 22,77




Ly thuyét sb hoc

Tim gcd va Icm ciaa hai sé:

Giasta = p;'py?..pFvab = pfpéc2 ...p,f", khi do:

. gcd(a, b) — pinin(elrfl)p;nin(ez»fZ) mplinin(ek»fk)

max(eq,f1)  max(ey,fz) max(eg,f k)

* lem(a,b) = p, D, e Dp




Ly thuyét sb hoc

Dinh nghia: (ham O'le)

Véi s6 ty nhién n = 2, ky hiéu ¢ (n) 1a s6 cac so6 tu nhién trong
khoang [1, n] ma nguyén to cung nhau voi n.

\_

Vi du:

« $(10) = 4 vi trong khoang tir 1,...,10 ¢6 4 s0
nguyén to cung nhau véi 101la: 1, 3, 7,9




Ly thuyét sb hoc

Tinh chét ctia ham O le:

 Néu p la so nguyén t6 thi d(p) = p — 1
« Ham ¢ bao todn véi phép nhan, tic 14 néu

gcd(m,n) = 1 thi p(m.n) = p(m). d(n).

+ Néu c6 phan tich thanh nhan tikn = p®1p22 .. pck

thi: ¢(n) =n (1 — i) (1 — p—12) (11— p—lk)

%1
e




Ly thuyét déng dw

Pinh nghia:

\
Véi 2 so tu nhién a, b, khi d6 a duoc goi 14 dong du véi b modulo
n, ky hiéu a = b (mod n), néun |[(a — b). S6 n goi 1a modulo cua
dong du.
- /
Vi du:

15 =3 (mod 4) vi 4| (15-3)




Ly thuyét déng dw

Tinh chat ciia dong du:

e a = b (modn) & a,b cb cung so du khi chia cho n.
 a = a (modn)
e a=b(modn) = b =a(modn)
e Néua =b (modn),b=c(modn) = a=c(modn)
e Néua = b (modn),c =d (modn)
= a+c=b+d (modn)

= ac = bd (mod n)




Ly thuyét déng dw

Dinh nghia: (tdp cdc Iop déng dw)

Tap céc so tu nhién modulo n, ky hiéu Z,,, 1a tap cac so tu nhién

do cac phép toan cong ,trir, nhan duoc thuce hién theo modulo n.

o

~

gom {0, 1, ...,n — 1} (hay chinh x&c 1a 16p cac s6 co cling so du). O

J

Vi du:

* Trong Zq5 thi 6+7 =0, 7+9 =3




Ly thuyét déng dw

Dinh nghia: (nghich dao modulo)

X $a0 cho ax = 1 (mod n).

cua a ky hiéu la a=1.

Phep chia a cho b theo modulo n la phép nhan a véi nghich dao

Qﬁa b néu ton tai.

[ Giastra € Z.,, ta goi nghich dao modulo n cta a (néu co) la sé\

Trong truong hop ton tai x thi ta n6i a kha nghich va nghich dao

/

Vi du:

« Trong Zg thi 5, 7 kha nghichva 571 = 2,771 =4
e Vatrong Zg thi 5:7=5.4=2




Ly thuyét déng dw

Két qua cha v:
* a € Z,,a kha nghich & gcd(a,n) =1

* H¢ phuong trinh:

(x = a, (mod n,)

X = a, (mod n,)

X = ag (.mod Nny)

\
o d6 {n;} 12 nguyén t6 cung nhau ting dbi ¢d nghiém duy

£ o — vk _
nhat x = )., ; a;N;M; (mod n),n = nyn, ...ny,

N, =n/n;,M; = N7 ' modn,.




Pinh nghia:

~

Ta goi nhdm vaé1 phép nhan modulo n cua Z,, la:

Zy, ={a €Z, | gcd(a,n) = 1}
\_ /

Vi du:
« Zg ={1,3,5,7}
. 7t =1{1,2,3,4,56,7,8,9,10)
e 72 c0 s6 phan tir bang véi s6 Cac s6 < n va nguyén to

ciing nhau véi n. Do d6 so phan tir cua Zz 1 d(n)




Dinh nghia: (cdp cua nhém Z3,) ~

Ta goi cap cua Z?, 1a so phan tir trong Z, va ky hiéu 1a | Z3|.

Taco |Zy| = d(n)
\ J

Vi du:

+ |Z3s] = H(25) = 20




Két qua cha v:

« Néu a € Z; thi a®™ = 1(mod n)
* Néu p la s6 nguyén t6 va gcd(a, p) = 1 thi

aP~1! = 1(mod p)

* Ya € Z,aP= a(mod p)




Dinh nghia: (cdp cua phan tw trong Z;,)

Ta goi cap cua a € Z}, , ky hiéu ord(a), 1a s6 nguyén duong

nhé nhit t sao cho a® = 1(mod n)
-

~

Vidu: Trong 73, = {1,2,4,5, 8,10,11,13,16,17, 19,20}
co |Z%,| = 12

ord(a) 1

% Cap cua cac phan tir déu & uéc so cia 12

32




Dinh nghia: (phdn tw sinh cua 7Z;,)

r N

Gia st a € Z}, , néu ord(a) = ¢(n) thi a duge goi 1a phan tu

sinh cta Zy,.

Néu Z, ¢ phan tir sinh thi ta n6i Z, 14 nhém cyclic.

Vi du:
- 7% =1{1,2,4,5,7,8}, céthénti’rsinh 1a 2 va 5 nén la cyclic

ord(a) 1

» 754 khOng cé phﬁn tir sinh nén khong la nhom cyclic

33




Phan t& sinh cia Z;,

Két qua cha v:

o 7 c6 phan tir sinh © n = 2,4, p*k hoac 2p*, véip 14 s6

nguyeén to 1é
* Néu a la phan tir sinh ctia Z?, thi
Ly = {aimodn‘O <i<d¢pmn) -1}

 Néu a € Z; 14 phan ti sinh thi a* mod n ciing |a phan tir
sinh cua Z3,. Do @6 néu Zz, 1a cyclic thi Z2, c6 d(p(n))

Rhén tr sinh




Thang dw bac hal modulo n

Pinh nghia:
 Giasta € 7%, , a duoc goi 1a thing du bac hai hay sb chinh

~

phuong modulo n néu ton tai x € Z7, sao cho x> = a (mod n).

Nguoc lai thi a goi la phi thang du bac hai modulo n.

\Ky hiéu tap cac thang du, phi thing du bac hai cta Z; 1a Q,,, 0, Y

Vi du:
. 75 =1{1,2,4,5,7,8), co:
Qo= {1,4,7}, Q9 = {2,5,8}




Can bac hai modulo n

Dinh nghia: ~
Gia sir a € Q,,, néu x € Z;, théa man x2 = a (mod n) thi x goi
la can bac hai cua a modulo n.

- /

Vi du:
 TrongZs ={1,2,4,5,7,8}thi 2 va 7 la can bac hai cta 4

modulo 9




Can bac hai modulo n

Két qua cha v:

« Néu p 1 s6 nguyén t6 1é va p € Q,, thi p c6 chinh xac
hal can bac hal
e n = p;'p,?...p.%, & d6 p; 1 cac s6 nguyén té 1é doi

mot khac nhau thi véi modi a € Q,, s& c6 2% cin bac

hai cua a




Ky hiéu Legendre

Pinh nghia: \
[ Gia str p 12 s6 nguyén td 1¢, a 1 s6 tu nhién. Ky hiéu Legendre

(%) x&c dinh boi:

(0 néupla

(E>=< 1 néua€ Q,
\—1né'u a € Q, /




Ky hiéu Legendre

Két qua chil y: Néu p va g 1a hai s6 nguyén to 1é khac nhau thi

« Dinh Iy Euler: (g) = 0" (mod p).

pacbiet () =1, (=) = (-1 /-

()= () () nvaezymi (2) =1
* Néua = b (mod p) thi (%) =(S)
o Luit tuong ho: (B) _ (%) (_1)(19—1)(61—1)/4

q
e




Ky hiéu Jacobi (m& rédng cua Legendre)

Pinh nghia:

: N

Gia sitn > 3 c6 phan tich ra thira s6 nguyén to n = p;'p,2 ...p,~.

Khi d6 ky higu Jacobi (%) xc dinh boi:

S =G G) -G )

Vi du:
@)= -




Ky hiéu Jacobi

Két qua cht v: m,n 1é va > 3
. (%) €{0,1,—1}, (%) =0 o gcd(a,n) # 1.
- (5)=()G)
() =G )
b

« Néua = b (mod n) thi (%) =(E)

() =1 =" () ="

e Luat twong ho:
(m) _ (2) (_1)(7”—1)(71—1)/4

n m




