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Thuat ng(r

" Chi phi (cost)
" P0o phuc tap (complexity)

" Phan tich do phuc tap (complexity
analysis)
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Chi phi cua giai thuat (1)

" Tinh tdng n s6 nguyén:
sum = 0;
for (i=0;i<n;i++)

sum +=i;

" Giai thuat Bubble sort:
for (i=n-1;i>0; i--)
for(j=1;]<=1i;j++)
if (aj-1] > a[j]) {
temp = a[j-1];
af-1] = a[j];
afj] = temp;




Chi phi cua giai thuat (2)

" Cung mot van dé, co thé gidi quyét bang nhiéu
giai thuat khac nhau
= VD. Sap xép mang = Bubble sort, Heap sort, Quick sort,...

= Moi giai thuat cé chi phi (cost) khdc nhau

® Chi phi thudng dugc tinh dua trén:
= th¢i gian (time)
= b6 nh& (space/memory)

" Chi phi "thoi gian” thuong dugc quan tam nhiéu
haon




Chi phi cua giai thuat (3)

Tuy nhién, viéc dung khai niém “thgi gian” theo
nghia den (vd gidi thudt A chay trong 10s) |a
khéng 6n, vi:

= tuy thudc vao loai may tinh (vd. may Dual-Core sé chay nhanh
hon Pentium II)

: tuy thuéc ngoén ngr Iap trinh (vd. Giai thuat viét bang C/Pascal
c6 thé chay nhanh gap 20 |an viét bang Basic/LISP)

Do do, ngudi ta thudng dung “don vi do logic”

(vd. sO phép tinh co sd) thay cho dan vi do “thoi

gian that” (mili-giay, giay,...)

= VD. Chi phi d& sap xép mang n phan t& bang giai thuat Bubble
sort |a n? (phép tinh co s&)
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B0 phuc tap cua giai thuat (1)

VD. Tinh d0 phuc tap cua giai thuat sau

sum = 0;
for (i=0; i<n; i++)
sum +=i;

- sO phép so sanh: n
- s0 phép gan: 2n+2

" Pé don gian, ngudi ta xem nhu cac phép tinh co
s co thoi gian thuc hién nhu nhau (vd. +,-,%*,/,
so sanh, if ... else,...)

- d0 phuc tap cua giai thuat trén: f(n) = 3n+2




B0 phu'c tap cua giai thuat (2)

nong thudng, do phuc tap cua giai thuat khong
Nu thuoc vao gia tri cua di lieu dau vao, ma
Nu thudc vao kich thudc cua dir lieu dau vao

T T —

- do phuc tap cua giai thuat thudng dudc dinh
nghia la mot ham co6 tham so la kich thudc cua dr
lieu dau vao

VD:
= PO phire tap cua giai thuat tinh n! a f(n)
= Do phire tap cua giai thuat sdp xép mang m phan t& la f(m)
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B0 phu'c tap cua giai thuat (3)

Ngudi ta thudng chi quan tam dén do phuc tap
cua giai thuat voi gia dinh so phan tu can xu' ly
rat Ién (n > )
= Nhuw vay, ta c6 thé bd qua cac thanh phan “rat bé” trong biéu thirc
tinh A6 phure tap
= VD. f(n)=n2+ 100n + log,,n + 1000
Viéc xac dinh do phuc tap chinh xac cho mot giai
thuat rat kho khan, tham chi nhiéu khi khéng thé
- ta c6 thé bd qua cac thanh phan phu (anh huwédng khéng dang ké)
VD. for (i=0; i<n; i++) {
a=a+hb;
if (c==0)a =0;
} 11 Ao phtrc tap: f(n) = n
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Do phuc tap cua giai thuat (4)

n f(n) n? 100n log,,n 1000
Value Value % Value % Value % Value %
1 1,101 L 0.1 100 9.1 0 0.0 1000 90.82
10 2,101 100 4.76 1,000  47.6 1 0.05 1000 47.62
100 21002 10,000 47.6 10,000 47.6 2 0991 1000 4.76
1,000 1,101,003 1,000,000 90.8 100,000 9.1 3 00003 1000  0.09
10,000 101,001,004 100,000,000 99.0 1,000,000  0.99 4 0.0 1000 0.001

100,000 10,010,001,005 10,000,000,000 99.9 10,000,000 0.099 5 0.0 1000 0.00

MUc tang cua cac thanh phan trong
f(n) = n2 + 100n + log,,n + 1000
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) B0 phurc tap cua giai thuat (5)

" Trudng hgp tot nhat (Best case)

= Khéng phan anh dwoc thuc té

“ Trudng hgp trung binh (Average case)

= RA&t kho xac dinh, vi & thudc nhiéu yéu té khach quan

" Trudng hgp xau nhat (Worst case)
= Cho chung ta mot s “bao dam tuyét déi”
= VD. Dé phtrc tap cla giadi thuat sé khdng nhiéu hon n?
> Ta thuwdng dung dd do “xau nhat”
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B0 phuc tap cua giai thuat (6)

" P06 phuc tap thucdng gap doi vdi cac giai thuat
thong thuong:

= D0 phtrc tap hang so: O(1). S6 phép tinh khong phu thudc vao
do Ion dau vao

= D0 phirc tap tuyén tinh: O(n). SO phép tinh c6 xu huéng ti 18
thuan voi do Ion dau vao

= P06 phire tap logarit: O(log n)

= PO phire tap da thire: O(P(n)). V&i P(n) la da thirc bac 2 trd 1én.
Vd. O(n2), O(n?)

= D6 phwre tap ham ma: O(2")
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So sanh cac ham soO

16 64 16
64 512 256
256 4096 65,536

32,768 4,294,967,296
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" Tinh do phuc tap cua giai thuat Bubble
sort:
= Trworng hop tot nhat ?
= Trwdrng hop xau nhat ?
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Lich sur:
= Ky hiéu Big-O duwgc gioi thiu nam 1894 b&i Paul Bachmann
(Btrc) trong cudn sach Analytische Zahlentheorie (*Analytic
Number Theory") (tai ban lan 2)

= Ky hiéu nay (sau do) dwoc phd bién rong rai b&i nha toan hoc
Edmund Landau, nén con goi la ky hiéu Landau (Landau
notation), hay Bachmann-Landau notation

= Donald Knuth la nguwoi dwa ky hiéu nay vao nganh Knhoa hoc
may tinh (Computer Science) nam 1976 — “Big Omicron and big
Omega and big Theta” - ACM SIGACT News, Volume 8, Issue 2
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“ Dinh nghia:
= Cho f(n) va g(n) 1a hai ham s6
= Ta noi: f(n) = O(g(n)) khi n>«, néu tdn tai cac sd6 dwong c va K
sao cho:
f(n)| <= c™g(n)| vh>=K
= Gidi thich: f1a big-O cla g néu ton tai so dwong ¢ sao cho f
khéng thé I&n hon ¢*g khi n dua I&n

" Cach doc: f(n) la big-O cua g(n)

" Y nghia:
= g(n) la giéi han trén (upper bound) cua f(n); hay
= Khin I&n, f(n) tdng twong dwong bang g(n)

18



g (n)

fin)

Ly I

Khi n du 16n (n>=K), thi g(n) la gigi han trén cua f(n)
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VD. f(n) = 2n¢ + 6n + 1 = O(n2), g(n) = n?
= That vay, ta chon dugcc=3vaK =7
= yn>=7->f(n) <3 *g((n)
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® Khi ap dung big-O vao viéc udc lugng do phuc
tap cua giai thuat, ta nén chon g(n):
= cang don gidn cang tot,
= bd qua cac hang sb va cac thanh phan co Iy thira thap

" Nhg vay, ta c6 thé udc luong dd phuc tap cla giai
thuat mot cach dan gian hon

= Thay vi phat biéu “dd phtrc tap cla gidi thuat Ia 2n? + 6n + 17, ta

sé noéi “gi¢i han (chan) trén cua dé phirc tap cua giai thuat la n?”
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" Trac nghiém: xac dinh O(g(n)) cua cac ham sau
day
= f(n) =10
= f(n)=5n+3
= f(n) = (n+1)
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“ Dinh nghia:
= Cho f(n) va g(n) 1a hai ham s6
= Ta noi: f(n) = Q(g(n)) khi n>«, néu tdn tai cac sd dwong c va K
sao cho:
f(n)| >= c*g(n)| vh>=K
= Gigi thich: f1a big-Q clia g néu ton tai s6 dwong ¢ sao cho flén
hon c¢*g khi n dua Ién

" Cach doc: f(n) la big-Omega cua g(n)

" Y nghia:

= g(n) la giéi han dwdi (chan dwdi - lower bound) cua f(n)
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“ Dinh nghia:
= Cho f(n) va g(n) 1a hai ham s6
= Ta noi: f(n) = ©(g(n)) khi N>, néu ton tai cac s6 dwong ¢, ¢,
va K sao cho:
¢;79(n)l <= |f(n)| <=c,%g(n)| vh>=K

" Cach doc: f(n) la big-Theta cua g(n)

" Y nghia:
= g(n) la giéi han chat (tight bound) cua f(n)
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Big-O, Big-Q, Big-©

f(x) = Olg(x)) fix) = (2(z(x)) f{x) = B(e(x))
fix)
C g
fi %)
X i X
K K
a) b c)

Minh hoa big-0O, big-Q, big-©
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