Po tang cuia ham
ess gy
o Big-O.

o Mot sb két qua Big-O quan trong.
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Noguén aoc lich siv
[ IIIIhhee»e»y

B Khai niém Big-O 1an d4u tién duwoc dwa ra béi nha
toan hoc nguwoi Birc Paul Bachmann vao nam
1892.

'EBig-O dwoc tré nén ph6 bién hon nhd nha toan hoc
Landau. Do vay, Big-O cling con duoc goi la ky
hiéu Landau, hay Bachmann-Landau.

% Donald Knuth duwgc xem |a ngudi du tién truyén
ba khai niém Big-O trong tin hoc tv nhirng nam
1970. Ong cling la ngudi dwa ra cac khai niém Big-
Omega va Big-Theta.
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Pinh nghia toan hoc cua Big-O
ess gy

o Cho fva g la hai ham so tir tap cac s nguyén
hodc s6 thuc dén s6 thuc. Ta néi f(x) Ia O(g(x))
néu tén tai hang s6 C va k sao cho:

If(x)| < C |g(x)| voi moi x = k
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Pinh nghia toan hoc cua Big-O

I

o Cho fva g la hai ham so tir tdp céc so nguyén
hoéc so thurc dén so thure. Ta noi f(x) la O(g(x))
néu tén tai hang s6 C va k sao cho:

If(x)| < C |g(x)| voi moi x = k

* Viduy, ham f(x) = x2 + 3x + 2 la O(x?).
That vay, khi x > 2 thi x < x2va 2 < 2x2
Do do6 x2 + 3x + 2 < 6x2.

Nghia la ta chon dwoc C =6 va k = 2.
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Y nghia cua Big-O (1)

(N

» Big-O giup xac dinh dwgc mdi quan hé gitra
f(x) va g(x), trong do g(x) thworng 1a ham ta da
biét trwwéc. Tir d6 ta xac dinh dwoc sw tang
trwdng ciia ham f(x) can khao sat.

o Cvak trong dinh nghia cua khai niém Big-O
dwoc goi la bang chirng cua moi quan hé f(x)
la O(g(x)).
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Y nghia cua Big-O (2)

I

o Big-O phan hoach dwgc cac ham véi cac do
tang khac nhau. Néu co hai ham f(x) va g(x) sao
cho f(x) 1a O(g(x)) va g(x) l1a O(f(x)) thi ta n6i hai
ham f(x) va g(x) do la cé cung bac.

o Vidu: f(x) 7x2 1a O(x?) (chon k=0, C =7).

Do vay 7x? va x2 + 3x + 2, va x? la 3 ham cé
cung bac.
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i Do vay, trong quan hé f(x) la O(g(x)), ham g(x)

Y nahia cia Big-O (3)

o Lwu y: 7x? cling la O(x3) nhwng x2 khéng la
O(7x3).

That vay: Néu x3 1a O(7x2) thi ta phéi tim duoc C
va k sao cho

|X3] < C|7x?| < x < 7C v&i moi x > K.
Diéu nay khéng thé xay ra vi khéng thé tim
dworc k va C nao nhw vay.

thwdng dwoc chon la nhé nhat cé thé.
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Mét so ket qua Big-O quan trong
1. Ham da thuc:

f(x) =a X"+ a, X"+ ... +a;x + a,
Khi do f(x) la O(x").
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P6 tang ciia té6 hop cac ham

[
® Néu f(x) 1a O(g(x)) thi c.f(x) la O(g(x)) voi c la
hang so.

o Cho f;(X) la O(g,(x)) va f,(x) 1a O(g,(x)).
Khi do:

o Quy tac téng:

(f100+f2(x)) 1a O(max(|g,(x)[, [92(x)]))

o Quy tac nhan:
(F,(x) * £2(x)) 12 O(g1(X) * g,(X))-
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Po6 tang cua ham

@ n
e 8 N
Function 10 100 1,000 10,000 100,000 1,000,000
1 1 1 1 1 1 1
logsn 3 6 9 13 16 19
n 10 102 102 10¢ 10° 106
n «log;n | 30 664 9,965 10° 10© 107
n? 102 107 108 108 10 10"
n? 10°  10¢ 109 102 10" 10"
2n 102 1030 10301 103010 1030103 10 301.030
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Str dung ky hiéu Big-O
Ly

® NOi nhw sau la khéng chinh xac:
f(x) = O(g(x))

o NOi nhw duwdi day lai cang khong chinh xac:
f(x) > O(g(x))

® Chi str dung nhuw sau:
f(x) 1a O(g(x)), hoac
f(x) v&i bac g(x).
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Chworng trinh

/' Cau /
[ trucde | N
iy
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Tiéu chuan danh gia thuat toan
[
o Tbc do thuc thi.

o Tinh chinh xac.

o Don gian, dé hiéu, dé bao tri.
o Mirc phd dung

© ...
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oFITH

Théi gian giai quyét 1 bai toan?
ey
o Thoi gian g[éi quyét mot bai toan phu thudc vao

nhiéu yéu to:

o Toc do thuwe thi cia may tinh (phan cing 1an

phan mém).
o Tai nguyén (vi du: bé nho).
o Thuat toan.

B Lam thé nao danh gia duoc thdi gian thwe thi
hiéu qua?
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Panh gia th&i gian thwe thi theo phép toan

Ly
o Banh gia thoi gian thyc hién dwa trén nhirng
phép toan quan trong nhuw:
o Phép so sanh
o Phép gan

o Panh gia bang cach tinh sé lwong cac phép
toan quan trong theo doé Ié’n cua dir lieu.

T do, thoi gian thye hién cua mot thuat toan cé
the dwoc danh gia theo mét ham phu thudc vao
dé I&én dau vao.
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Vi du

[
o Budc 1. Gan tong = 0. Gan i = 0.
o Budc 2.
o Tdng i thém 1 don vi.
0 Gan Tong = Tong + i
o Buéc 3. So sdnh i véi 10
oNéui <10, quay lai budc 2.
o Nguoc lai, néu i 2 10, dirng thuat todn.

W S6 phép gan clia thuat toan Ia bao nhiéu? Sb phép
so sanh la bao nhiéu?
o Gan: g(n) =2n + 2, So sanh: s(n) = n
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Do phirc tap thuat toan
gso g
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D6 phirc tap co dinh cia thuat toan

o Thuat toan:

OBl. Dat gia tri cuc dai tam thoi
bang s6 nguyén dau tién trong day.

mB2. So sanh sb nguyén tiép sau voi
giad tri cyuc dai tam thoi. Néu nd 16n
hon gia tri cuc dai tam thoi thil ddt
cuyc dai tam thdi bang so nguyén db.

OB3. L3p lai B2 néu con cac sb nguyén
trong day.

OB4. Dung khi khédng con sbé nguyén nao
ntta trong dady. Cuc dai tam thoi
chinh la s0 nguyén 14n nhat cua day.
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s d ...

P6 phirc tap co dinh cia thuat toan

o Vi phép so cip st dung trong thuat toan la phép so
sanh, nén phép so sanh dwgc dung lam thwdc do
doé phuece tap.

o Tai mbi sb hang, ta thwc hién 2 phép so sanh, 1
phép xem da hét day hay chwa va 1 phép so vo&i
cwc dai tam thoi.

o Vi hai phép so sanh dwoc dung tw sb hang thtr 2
dén n, va thém 1 phép so sanh nira dé ra khdi vong
lap, nén ta c6 chinh xac 2(n-1) + 1 = 2n — 1 phép so
sanh.

o Do vay, do phtrc tap cta thuat toan la O(n).
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D6 phirc tap trong trirérng hop xau

nhat
[ |
®Bubc 1. Gédn 1 = 1.

© Budc 2. Trong khi i < n va x# a;
thli tang i1 thém 1.
while (i < n and x# a;)
i =1+ 1
® Bubdc 3.
oNéu i < n, tra vé gid tri 1a i.
oNgugce lai, i > n, tra vé gid tri O

cho biét khéng tim dugc x trong day
a.
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Do phirc tap trong trirong horp xau

nhat

(T

o S6 phép so sanh dung lam thuwéc do.

o O’ mdi bwdc clia vong I&p, thwe hién 2 phép so
sanh.

® Cudi vong lap, thye hién 1 phép so sanh.

o Nhw vay, néu x = a,, sd phép so sanh thwc hién
la (2i +1).

o Trong truo’ng hop xau nhéat, khéng tim dwoc x
thi tdng sb phép so sanh 1a 2n + 2.

o T do, thuat toan tim kiém tuan tw doi hai téi da
O(n) phép so sanh.
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Do phirc tap trong trirorng hop tot

nhat

(R

o Trong trwdng hop tdt nhat, ta bat gap x ngay
phan t& d4u tién nén chi can tén 3 phép so
sanh.

o Khi do, ta néi thuat toan tim kiém tuan tw doi hoi
it nhat O(1) phép so sanh.
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Do phirc tap trong

trieorng hop trung binh
I

o Néu x |1a sb hang tht i, s6 phép so sanh st
dungdétimraxla2i + 1.
o Do d8, sd phép so sanh trung binh ta can st

dung la: oy
3+5+7+.+(2n+1) 2(1+2+3+..+n)+n 2 +n—n+2
n n n

o Nhw vay do phtrc tap trung binh cua thuat toan
tim kiém tuan ty 1a O(n)
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Ghi chi

sz gy

o Trong thwc té, cac phép so sanh can dé xac dinh xem
da toi cudi vong lap hay chwa thwdong duwoc bo qua,
khéng dem.

o Trong da sb cac trvong hop khong doi khdi sw khét khe
vé tinh chinh xac, ngwoi ta s dung Big-O cho moi
trwong hop.

o Hé sb trong cac ham theo da thirc khéng dwoc tinh
trong phéan tich do phirc tap, vi du O(n®) va O(20000n3)
la nhw nhau, nhwng trong thwe té doi khi hé so rat quan
trong.
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Sw phan Iép cac d6 phire tap

T
Do phirc tap Thuat ngiv/tén phan I&p

0o(1) D6 phirc tap hang s
O(log,n) Do phire tap logarit
o(n) Do phtrc tap tuyén tinh
O(nlog,n) Do phire tap nlog,n
Oo(n3) Do phire tap da thire
O@"),a>1 B0 phire tap ham mi
O(n!) Do phire tap giai thira
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Sw phan I&p cac d6 phirc tap

Iy
3.10° 3.10°® 3.10°3
7.10° 107 7.107 10° 4.10*3nam *
1,0.10® 10° 1.10° 103 * *
1,3.10° 10° 1.10* 10 * *
1,7.108 104 2.10°3 10 R o
2.108 103 2.102 17 phuat 2 L

* Lwuy:

« M®&i phép toan gia st thwec hién trong 10 giay (~
CPU 1GHz).

« *:th&i gian I&n hon 1001 nam
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Mét so Iweu ¥ mé réng

o Co6 mét s6 thuat toan c6 do phirc tap trong trwdng
hop xau nhat la rat |on nhwng trong trwong hop
trung binh lai chap nhan duwoc.

o D6i khi, trong thuc té ta phai tim nghiém gan dung
thay vi nghiém chinh xac.

o Co mdt s6 bai toan ton tai nhwng co thé chirng
minh dwoc khéng cé 1&i giai cho chang (vi du bai
toan Halting).

o Trong thuc té, da sbé ta chi khdo sat cac bai toan co
doé phirc tap da thire tré xudng.
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Cac phwong phap
danh gia d6 phtrc tap

R
o Phuwong phap dém

o Phwong phap ham sinh
o Mot sb két qua hodan vij

o Cac két qua, dinh ly lién quan dén cac cau truc
di liéu cu thé

© ...
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Bai tap
N
1. Cac ham sau day co6 la O(x) hay khéng?

a f(x) =10

by f(x) =3x+7

o f(x)=2x2+2

2. M0 ta thuat toan tim s6 nhoé nhat trong day hiru
han cac sb tw nhién. C6 bao nhiéu phép so
sanh, bao nhiéu phép gan trong thuat toan?
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Bai tap
I T
3. Phan tich do phirc tap cla thuat toan tinh téng day sé sau:
1 1 1
S=1+—+—+..+—
6 n!
4. Cho biét sb phép gan, sb phép so sanh trong doan code sau
day theo n:
sum = 0;
for (i =

{

0; 1 < n; 1i++)

scanf ("%d", &x);
sum = sum + X;
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Bai tap
Iy
5. Cho biét s6 phép gan, sb phép so sanh trong doan
code sau day theo n:
for (1 = 0; i < n ; i++)
for (3 = 0; 7 < n; J++)

for (k = 0; k < n; k++)

Cli] 3] = Cl1](3] +
A[1] [k]*Bl[k][3]7
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Bai tap
T

6. Hay cho biét cac ham s6 f(n) dwai day la Big-O
cla nhirng ham s6 g(n) nao?
o f(n) = (2 +n) * (3 + log,n)
o f(n) = 11 * log,n + n/2 — 3542
of(n)=n*(3+n)—7*n
o f(n) = log,(n?) + n
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