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NOi dung

- Tai sao can phai phan tich giai thuat ?
- Tiéu chuan danh gia giai thuat

- Phuong phap danh gia

- Bai tap



Su can thi€t phai phan tich giai thuat

- Banh gia giai thuat

= Tinh ddng dan
- Chay trén d{ lieu thu
- Chi'ng minh ly thuyét (bang toan hoc chang han)

= Tinh don gian

= Tinh nhanh chdong (thdi gian thuc thi)
- Quan trong khi chucng trinh dugc thuc thi nhiéu lan
- Hiéu qua thdi gian thutc thi




Thai gian thuc hién cua chuong trinh

- Do thai gian thuc hién chucng trinh
= Lap trinh va do thdi gian thuc hién

= Phu thuoc vao tap Iénh cua may tinh
= Ky nang cua ngugi lap trinh

= DU’ liéu dau vao

=>Tinh do phutc tap thdi gian thuc hién cua giai
thuat = do do su’ thuc thi cua giai thuat



Thai gian thuc hién cua chuong trinh

- Do thdi gian thuc hién:
= Ham T(n) = 0, vdi n la kich thuGc (do I6n) cua
dau vao
= Vi du: T(n) = 3n
= Pan vj tinh: so Iénh cd ban, so chi thi, ...
= ThGi gian thuc hién trong cac trudng hgp: tot
nhat, xau nhat, trung binh

=>»So0 sanh T,(n) va T,(n)



Thai gian thuc hién cua chuong trinh

- Ty suat tang (growth rate):
= T(n) co ty suat tang f(n) néu ton tai hang C > 0
va n, sao cho T(n) < Cf(n) ¥n > n,
= Cho mot ham khong am T(n), ludn ton tai ty suat
tang f(n) cua nd
= Vidu: T(0) =1, T(1) =4, T(n) = (n+1)?, ta co:
f(n)=n2(vGiC=4,n,=1)
??? Chirng minh rang:
= Ty suat tang cia T(n) = 3n3 + 2n la n3
- Chon C, chon n,, chirng minh bang quy nap



Po phutc tap giai thuat

 Cho 2 giai thuat
= P, ¢0 T;(n) = 100n?
H PZ Cé Tz(n) — 5n3

??? Giai thuat nao chay nhanh han

=>» So sanh ty suat tang han la so sanh truc ti€p cac
hamT(n)



Po phutc tap giai thuat

- Ky phap O Ién (big O)

= Néu T(n) co ty suat tang f(n) = T(n) co d0 phuc tap
13 f(n) va ky hiéu 13 O(f(n)), doc Ia “6 f(n)”.

« Vidu: T(n) = (n + 1)? c6 do phirc tap O(n?)

« Tinh chat
= O(cf(n)) = O(f(n)), c: hang sO
- O(C) = 0(1)

- DO phurc tap cua giai thuat: ham chan trén cua thdai
gian

- MOt s6 ham thé hién dé phuc tap thutng gap:
log,n, nlog,n, n?, n3, 2", n!, n", ...



Cach tinh do phutc tap

 Cho 2 chuang trinh:
= P, ¢ thai gian thuc hién T,(n) = O(f;(n))
= P, ¢ thai gian thuc hién T,(n) = O(f,(n))
- Quy tac cong:
= Thdi gian thuc thi P1 va P2 ndi ti€p nhau s€ la:
» T(n) = Ty(n) + T,(n) = O(max(fy(n), f»(n))
= Thdi gian thuc thi P1 va P2 Iong nhau (vd: vong
lap [6ng nhau chang han):
» T(n) = Ty(n) x T,(n) = O(F;(n) x f5(n))



Cach tinh do phutc tap

- Quy t3c tong quat:
= Doc (read, scanf), ghi (write, printf), 1énh gan, so
sanh: thdi gian la hang so hay O(1)
= Lénh if:
if (diéu kién)
lénh 1
else
lénh 2
- max (Iénh 1, Iénh 2) + diéu kién
= VOng lap: tdng thai gian thuc hién than vong I&p
- Trong trudng hdp khong xac dinh dudc so lan lap ta phai
ldy sO lan |ap trong trudng hgp xau nhat.



Cach tinh do phutc tap

- Phuong phap thuc hién:
= Xac dinh dau vao: thuong ky hiéu la n
= Cach 1: dung cho tat ca cac loai chucng trinh
- Tinh thai gian thuc hién T(n) cho toan bo chucng
trinh = O(f(n)) tur T(n)
= Cach 2: khong ap dung cho chucng trinh dé quy
- Chia chudng trinh nhiéu doan nho
- Tinh T(n) va O(f(n)) cho tung doan
- Ap dung quy tic cdng, quy tic nhan dé co O(f(n))
cho ca chudng trinh



Cach tinh do phutc tap

- Vi du:
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Cach tinh do phutc tap
- Vi du:

int tim kiem(int x, int al],

int found, 1i;

return 1i;

1.

2.

3. found = 0;

4, i = 0;

5. while (1 < n && !found)
6 . 1f (al[i] == Xx)
7. found = 1;

8 . else

9 1 = 1+41;

1

1

= O .

int n)

{



Cach tinh do phutc tap

int al],

« Vidu:

1. 1nt tim_kiem_nhi_phan(int x,
2. int 1 =0, J =n - 1;

3. while (1 <= 7j) {

4. int m = (1 + 3)/2;

5. 1if (x == a[m])

. return m;

7. if (x < a[m])

8 . J =m — 1;

9. else

10. 1 =m+ 1;

11. }

12. return -1; // khong tim thay
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Cach tinh do phutc tap

Chuong trinh cé goi chuong trinh con (khong dé quy)

Quy tac: tinh tir trong ra ngoai
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B

C

C, B2, B12, B11
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Cach tinh do phutc tap

» Chuong trinh dé quy
= Lap phuadng trinh dé quy T(n)
= Giai phuong trinh dé quy tim nghiém
= Suy ra ty suat tang f(n) hay O(f(n))
« Vi du:

. 1int giai_thua(int n) {
if (n == 0)
return 1;
else
return n * gliai_thua(n — 1);
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Giai phucng trinh dé quy

» Phuacng phap truy hoi

= Trién khai T(n) theo T(n - 1) rdi T(n - 2) ... cho
dén T(1) hoac T(0)

= Suy ra nghiém

- Phuong phap doan nghiém
= Du’ doan nghiém f(n)
= Ap dung dinh nghia ty suat tang va chi'hg minh
_f(n) la ty suat tang cua T(n)

« Ap dung cong thuc doi véi I6p phuong trinh dé
quy da co I0i giai



Phucong phap truy hoi

- Trién khai T(n) theo T(n-1) rdi T(n-2) ... cho dén T(1)
- Vi du: giai phucng trinh dé quy:
= T(1) = C
= T(n) =2T(n-1) + G,
. Ta co:
= T(n) =2T(h—-1) + G,
=2(2T(n=-2)+ C) + C, = 2°T(n-2) + 2C, + G,
=22(2T(n-3) + C) + 2C, + G,
25T(n-3) + 2°C, + 2C, + G,

: = 2T(n — k) + 2K1C, + 22C, + ... + 2C, + G,

= Qua trinh dung lai khi n —k = 1 hay k = n — 1, khi do:
= T(n) = 2™1T(1) + G, (21 - 1)

: =C2" +C, (21 -1) = O(2M



Phucng phap doan nghiém

» Thr doan 1 nghiém f(n)

» Sau do tim cach chi’ng minh T(n) < f(n)
= Chi'ng minh minh bang quy nap

- Thong thudng ta chon f(n) co dang: n, logn,
nlogn, 2", ...



LGi gidi tong quat

- Giai thut chia dé tri:
> Phan ra bai toan I6n thanh cac bai toan con

- MOt bai toan 16n cd kich thudc n, thanh a bai toan
con co kich thudc n/b

= TOng hdp cac I3i giai cla cac bai todn con dé co
dudc I0i giai cua bai toan I6n
- Thai gian tdng hop a bai todn con tén d(n) thai gian
- Phuong trinh dé quy cho giai thuat trén:
= T(1) =1
= T(n) = aT(n/b) + d(n)



LGi gidi tong quat

- Ap dung phuang phap truy hoi:
= T(n) = aT(n/b) + d(n)
: a[aT(n/b/b) + d(n/b)] + d(n)
a?T(n/b%) + ad(n/b) + d(n)
a?[aT(n/b3) + d(n/b3)] + ad(n/b) + d(n)
a3T(n/b3) + a2d(n/b%) + ad(n/b) + d(n)

o I<T(n/b'<) + >a'd(n/b))
= Qua trlnh két thuc khi n/bk = 1 hay k = log,n
= T(n) = ak + Yald(n/b')



LGi giai tong quat

- Nghiém thuan nhat (homogeneous solutions ):

k log, a
a =n"°

- d(n): ham tié€n trién (driving function)

- Nghiém chinh xac sé la nghiém chinh xac néu
d(n) = 0, v&i moi n

« Néu d(n) > 0, ta cO nghiém riéng:

Zad( j Zad[ j Zad(bk’



LGi giai tong quat

« Néu nghiém thuan nhat I6n nghiém riéng thi do
phuc tap la nghiém thuan nhat

- Néu nghiém riéng I16n han nghiém thuan nhat
thi do phuc tap la nghiém riéng

- Tuy nhién, tinh nghi€m khong phai ltic nao ciing
dé !



LGi gidi tong quat

- Ta sé tinh nghiém riéng trong trudng hdp d(n)
co dang dac biét
- Ham nhan, ham cé tinh chat nhan (multiplicative
function):
= Ham d(n) co tinh nhan néu va chi néu d(x.y) =
d(x).d(y)
= Vi du:
- d(n) = n? la ham nhan vi d(x.y) = (x.y)? = x2.y2 =

d(x).d(y)
- d(n) = 3n? khong phai la ham nhan




LGi giai tong quat

« NEu d(n) la ham nhan, ta c6 nghiém riéng:

Y ddp ™)=Y dldw)l =[aw)] Y.
_d' -lawf
*

d(b)

a

| d(b)_

i



LGi giai tong quat

- N&u a > d(b), ak > [d(b)]¥

T(n)=0(a")=0(a"%)=0n")

- Néu a < d(b)

T(n)=0(d(b)*) = 0(d(b)*% )= 0"

Néua = d(b)
Za d(b*) = Za 4w} =law)] S

=0

=d(b) k =d"
T(n)= 0(n10gg logn)

a

d(D)_
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Bai tap

- Giai cac phuadng trinh dé quy sau véi T(1) = 1

1/- T(n) = 4T(g) +1
4/

2/- T(n) = 4T(g) + 12 T(1) =1

, T(n)= 2T(E) + nlogn
; _ " 3 2 =
3/-T(n) =4T( ; ) +n



Bai tap

Bai 2: Gia1 cac phuong trinh dé quy sau vo1 T(1) =1 va
a) T(n)=3T(/2)+n
b) T(n)=3T(w/2) +n’
¢) T(n)=8T(W?2)+n
Bai 3: Gial cac phuong trinh dé quy sau vé1 T(1) = 1 va
a) T(n)=4T(/3)+n
b) T(n)=4T(/3) +n’
¢) T(n)=9TW3)+n’



Bai tap

Bai 4: Giai cac phuong trinh dé quy sau vo1 T(1) =1 va

a) Tn)=Tw/?2)+1

b) T(n)=2T(n/2) + logn

¢) Tn)=2T(w/2) +n

d) T(n)=2T(W?2)+n’

Bai 5: Giai cac phwong trinh dé quy sau bang phwong phap doan nghiém:
a) T(1)=2vaTm)=2T(n-1)+1vo1 n>1

b) T()=1vaTm)=2Tm-1)+nvd1 n>1



Bai 8: Xét cong thire truy toan dé tinh sé t6 hop chép k cta n nhw sau:
. {1 néu k=0 hoac k=n
C —_

‘n k-1 k n -
. C,,+tC, nétul0<k<n

a) Viét mot ham dé quy dé tinh s6 t6 hop chap k cua n.

b) Tinh thot gian thwe hieén cua giar thuat noi trén.



Bai tap

- Tinh d6 phutc tap thdi gian cua doan chuong
trinh sau theo
el. int max(int a[], int n) {

2.
3.
4.

5.
6.
-

if (n == 1)
return a[0];

if (a[n-1l] > max(a, n - 1))
return a[n-1];

return max(a, n-1);



