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Muc tiéu

m Sau khi hoan tat bai hoc nay ban
can:

e Hi€u dwoc sw can thi€t phai phan tich
danh gia giai thuat.

e Biét cac tiéu chuan dé danh gia mot giai
thuat.

e Hi€u khai niém do phtrc tap cta giai
thuat.

e Van dung duoc cac quy tac dé tinh do
phirc tap ctia chwong trinh khéng goi
chuwong trinh con, dé phirc tap cia mét
chwong trinh ¢6 goi cac chuwong trinh
con khéng dé quy.

e Van dung duoc phwong phap thanh lap
phuwong trinh dé quy.
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Muc tiéu (tt)

e Van dung dwoc phwong phap truy
hoi dé giai phwong trinh dé quy.

e Biét phuvong phap doan nghiém
dé gidi phwong trinh dé quy.

e Van dung dwoc viéc giai phuong
trinh dé quy thudc dang phwong
trinh tdng quat.

e TONg hop dwoc van dé danh gia
giai thuat.
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Sw can thiét phai
phan tich, danh gia giai thuat

m Can phai phan tich, danh gia
gidi thuat de:

e Lwra chon mot giai thuat t6t nhat
trong cac giai thuat dé cai dat
chwong trinh gidi quyét bai toan
dat ra.

e Cai ti€n gidi thuat hién c6 dé duoc
mot giai thuat t6t hon.
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Tiéu chuan danh gia

mOot giai thuat la tot

= MGt giai thuat dwoc xem la tét
néu no dat cac tiéu chuan sau:
e Thuc hién dung.
e TON it b nho.
e Thuwc hién nhanh.

= Trong khudén khdé mén hoc nay,
chung ta chi quan tam dén tiéu
chuan thuc hién nhanh.
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Thoi gian thiwe hién
cua chwong trinh

m Thoi gian thuwc hién mét chuong
trinh la modt ham cua kich thwéc div
liéu vao, ky hiéu T(n) trong dé n la
kich thuwéc (dd 1on) cta dir liéu vao.

m Vi du : Chuwong trinh tinh tdng cla n
sO c6 thoi gian thue hién la T(n) = cn
trong do c la mot hang s6.

m Thoi gian thwe hién chwong trinh la
mot ham khéng am, tec la T(n) >0 V
n>0.
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Pbon vi do thoi gian thuc

hién

m Don vi cla T(n) khéng phai la don vi
do thoi gian binh thuwdng nhu gio,
phut giay... ma thwong duoc xac
dinh b&i s6 cac Iénh dwoc thuwe hién
trong mot may tinh ly twéng.

m Vi du: Khi ta ndi thoi gian thwe hién
ctia moét chwong trinh la T(n) = Cn
thi c6 nghia la chuong trinh &y can
Cn chi thi thye thi.
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Thaoi gian thwe hién
trong trwdng hop xau nhat

m NOi chung thi thoi gian thwe hién
chuwong trinh khéng chi phu thubc
vao kich thwéc ma con phu thudc
vao tinh chat cta di¥ liéu vao.

m Vi vay thwong ta coi T(n) la thoi gian

- thwe hién chwong trinh trong trueong

hop xau nhat trén dir liéu vao co

kich thuéce n, tire la: T(n) la thoi
gian I&n nhat dé thuc hien chuwong
trinh ddi v&i moi di¥ liéu vao cé cung

kich thwéce n.
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Ty suat tang

m Ta ndi rang ham khéng am T(n)
co ty suat tang (growth rate) f(n)
néu ton tai cac hang s6 C va NO
sao cho T(n) < Cf(n) v&i moi n =
NO.

= Ta c6 thé chirng minh dwoc
rang “Cho mét ham khéng am
T(n) bat ky, ta luén tim duoc ty
suat tang f(n) ctia né”.
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Ty suat tang (tt)

m Vidul:GiasrT(0)=1,T(1)=4va
tong quat T(n) = (n+1)2. DatNO =1 _
va C = 4 thi v&i moi n =21 chung ta dé
dang chirng minh dwgc rang T(n) =
(n+1)2<4n?2véimoin=1, tclaty
suat tang caa T(n) la n2.

m Vi du 2: Ty suat tang caa ham T(n) =
3n3 + 2n? la n3. Thwc vay, cho NO =
0 va C =5 ta dé dang chirng minh
rang v&i moin =0 thi 3n3 + 2n2 <
5n3
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Khai niém dd phurc tap

cula giai thuat

m Gia sl ta c6 hai giai thuat P1 va P2 véi

thoi gzian thyee hién twong ng la T1(n) =

100n2 (v&i ty suat tang la n?) va T2(n) = 5n3
(v&i ty suat tang la n3).

m Khin>20 thi T1 < T2. S& di nhw vay la do
ty suat tang ctia T1 nho hon ty suat tang
cua T2.

m Nhw vay mot cach hop ly la ta xét ty suat
tang cua ham th&i gian thwe hién chuong
trinh thay vi xét chinh ban than thoi gian
thuc hién.

m Cho mdt ham T(n), T(n) goi la c6 dd phirc
tap f(n) néu ton tai cac hang C, NO sao
cho T(n) < Cf(n) v&i moi n = NO (tdc la T(n)
CO ty suat tang la f(n)) va ki hiéu T(n) la
O(f(n)) (doc la “6 cua f(n)").
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Khai niém dd phurc tap
cula giai thuat (tt)

m Chu y: O(C.f(n))=0(f(n)) v&i C la hang sé.
bac biét O(C)=0(1)

m Cac ham thé hién do phtrc tap c6 cac dang
thwong gap sau: log,n, n, nlog,n, n?, n3,
2", n!, n"

m Ba ham cudi cung ta goi la dang ham m,
cac ham khac goi la ham da thurc.

m MOt gidi thuat ma thoi gian thwe hién co do
phirc tap la mot ham da thire thi chap nhan
duwoc, con cac giai thuat cé dd phure tap
ham mi thi phai tim cach cai tién giai
thuat.

m Trong cach viét, ta thwdng dung logn thay
thé cho log,n cho gon.
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Phwong phap tinh
do phure tap

m Chung ta sé& no6i dén phuong phap tinh dd phirc tap
(th&i gian thwe hién) cua:
e Chuwong trinh khdng goi chuwong trinh con.
e Chuwong trinh ¢6 goi chwong trinh con khong dé
quy.
e Chuwong trinh dé quy ) )

m Trwdc hét ta c6 hai quy tac quan trong la quy tac
cbng va quy tac nhan

= Quy téc cong: Néu T1(n) va T2(n) la thoi gian thuwe
hién cta hai doan chwong trinh P1 va P2; va
T1(n)=0(f(n)), T2(n)=O(gin)) thi thoi gian thwc hién
cuia doan hal chuong trinh dé ndi ti€p nhau la
T(n)=0(max(f(n).g(n))).

m  Quy tac nhan: Néu T1(n) va T2(n) la thoi gian thuc
hién cua hai doan chwong trinh P1va P2 va T1(n) =
O(f(n)), T2(n) = O(g(n)) thi th&i gian thuc hién caa
doan hai doan chwong trinh dé 16ng nhau la T(n) =
O(f(n).g(n)).
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Qui tac téng quat dé phan tich
MmOt chwong trinh khong coé
chwong trinh con

m Thoi gian thwe hién cda moi Iénh gan, READ,
WRITE la O(1)

m Thoi gian thue hién cia mot chudi tuan tw cac 1énh
dugc xac dinh bang qui tac cong. Nhw vay thoi gian
nay la thoi gian thi hanh moét 1énh nao dé lau nhat
trong chudi cac lénh.

m Thoi gian thue hién cau tric IF 1a thdi gian Ién nhat
thuc hi§n |énh sau THEN hoac sau ELSE va thoi
gian kiém tra diéu kién. Thwong thoi gian ki€m tra
diéu kién la O(2).

m Thoi gian thye hién vong lap la tong (trén tat ca cac
lan 1ap) thoi gian thwe hién than vong Iap. Néu thoi
gian thirc hién than vong lap khong 0i thi thi gian
thue hién vong Iap la tich cua s6 lan 1ap véi thol
gian thyc hién than vong lap.
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Vidu 1:
Thu tuc sap xép “ndi bot”

void BubbleSort(int a[n])

{ inti,j,temp;

[*1*/ for(i= 0; i<=n-2; i++)

[*2*  for(j=n-1; j>=i+1;j--)

[*3* i (a]j].key < a[j-1].key) {
[*4*| temp=a[j-1];

[*5%/ afj-1] = a|j];

[*6*/ afj] =temp;

}
}
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Tinh th&i gian thye hién cua
thil tuc sap xép “nodi bot”

n Déy la chwong trinh str dung cac vong Iép xac dinh.
Toan bd chwong trinh chi gom mot Iénh lap {1},
|6ng trong 1€nh {1} la 1€nh lap {2}, 16ng trong 1&énh {2}
la Iénh SB% va long trong 1énh {3} la 3 lenh nai ti€p
nhau {4}, {5} va {6}.

m Chung ta sé ti€n hanh tinh dd phic tap theo thir tw
tr trong ra.

m Truwdc hét, ca ba lénh gan {4}, {5} va {6} déu ton
O(1) th&i gian, viéc so sanh a[j-1] > alj] cling ton
O(1) th&i gian, do dé 1énh {3} t6n O(1) thoi gian.

m Vong lap {2} thwe hién (n-i) lan, mai lan O(1) do dé
vong lap {2} tdn O((n-i).1) = O(n-i).

m Vong lap {1} c6 i chay tlr 1 dén n-1 nén thdi gian
thwe hién cua vong lap {1} va ciing la dd phuwc tap
cla giai thuat la (1

n(n-1)

T(n)= Z(n—i)z 5

=0(r1)
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Tim kiém tuan tw

m Ham tim kiém Search nhan vao mot
mang a ¢ n s6 nguyén va mot sd
nguyén x, ham sé tra vé gia tri logic
TRUE néu ton tai mot phan tr afi] =
X, nguoc lai ham tra vé FALSE.

m Giai thuat tim kiém tuan tv la lan
lwrot so sanh x v&i cac phan tr cla
mang a, bat dau tir a[1], néu ton tai
a[i] = x thi dwrng va tra vé TRUE,
nguwoc lai néu tat ca cac phan tr cla
a déu khac X thi trad vé FALSE.
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Tim kiém tuan ty (tt)

FUNCTION Search(a:ARRAY[1..n] OF
Integer; x:Integer): Boolean;

g 3: VAR i:Integer; Found:Boolean;
. Tt BEGIN
{1} =1,

{2}  Found:=FALSE;
{3}  WHILE(i<=n) AND (not Found) DO

{4} IF Ali]J=X THEN Found := TRUE
ELSE | ;= i+1;

{5}  Search := Found;

END;
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Tinh do phurc tap
cla ham tim kiém tuan tu

m Tathdy cac lénh {1}, {2}, {3} va {5} ndi ti€p nhau, do
do6 dd phure tap cua ham Search chinh la dd phuc
tap Ion nhét trong 4 |énh nay. Dé dang thdy rang ba
lénh {1}, {2} va {5} déu c6 do phurc tap O(lgldo 0
dd phtrc tap cda ham Search chinh la dd phirc tap
clia lénh {3}. Long trong 1énh {3} la Iénh {4}. Lénh
{4} c6 d6 phurc tap O(1).

m Lénh {3} la mdt vong lap khdng xac dinh, nén ta
khong biét né sé lap bao nhiéu lan, nhwng tron
trrong hop xau nhat (tat ca cac phan t&r ciia mang
a déu khac x, ta phai xét hét tat ca cac ali], i c6 cac
gia tri tr 1 dén n) thi vong lap {3} thuwc hién n lan, do
do 1énh {3} tén O(n). Vay ta c6 T(n) = O(n).

19
ey L SOLID CONVERTER PDF ) st nses praete



m Gia slr ta c6 mot hé thdng cac
chwong trinh goi nhau theo so

P06 phire tap cua chuwong trinh cé
goi chuwang trinh con khong dé qui
AL
8 & 4
N H 2 ’

“ | ]
do sau:
A B Bl B11
A 4 A v
C B2 B12
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Phan tich
cac chwong trinh dé qui

m Co thé thay hinh anh chwong trinh
dé quy A nhu sau:

m D€ phan tich cac cac chuong trinh
dé quy ta can:
e Thanh Iap phuwong trinh dé quy.
e Giai phwong trinh dé quy, nghiém cia
phuwong trinh dé quy sé la thoi gian thue
hién ctia chwong trinh dé quy.
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Chuwong trinh dé quy

m Chuong trinh dé quy dé giai bai toan
kich thwée n, phai c6 it nhat mot
trwong hop dung tng v&i mot n cu
thé va |&i goi dé quy dé giai bai toan
kich thwée k (k<n).

m Vi du : Chuong trinh dé quy tinh n!
int Giai_thua(int n) {
if (n==0) return 1;
else return (n* Giai_thua(n-1));
3
m Trong vi du trén, n=0 la trwong hop
drng va k=n-1.
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Thanh 1ap
phwong trinh dé quy

= Phuwong trinh dé quy la mot phwong trinh biéu dién
méi lién hé gitra T(n) va T(k), trong d6 T(n) va T(k)
la thoi gian thwe hién chwong trinh c6 kich thwéc
di¥ liéu nhap twong tng la n va k, véik < n.

= DE thanh lap dwoc phwong trinh dé quy, ta phai
can cir vao chuwong trinh dé quy.

m  Ung vGi tredng hop dé quy dirng, ta phai xem xét
khi dé chwong trinh lam gi va tén hét bao nhiéu thoi
gian, chang han th&i gian nay 1a c(n).

= Khi dé quy chwa dirng thi phai xét xem c6 bao
nhiéu 101 goi dé quy vaoi kich thuéc k ta sé c6 bay
nhiéu T(k).

= Ngoai ra ta con phai xem xét dén thoi gian dé phan
chia bai toan va téng hop cac I&i giai, chang han
thoi gian nay la d(n).
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Thanh lap
phwong trinh dé quy (tt)

m Dang tong quat ctia mot phwong
trinh dé quy sé la:

o [Cm)
(”)‘{kam d(n)

m C(n) la thoi gian thwe hién chwong
trinh (rng v@'I tred'ng hop dé quy
dirng.

m F(T(K)) la mdt da thire cua cac T(k).

m d(n) la thoi gian dé phan chia bai
toan va tong hop cac két qua.
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Vi du vé phuong trinh dé quy
cua chwong trinh dé quy tinh n!

m Goi T(n) la thoi gian tinh n!.

m Thi T(n-1) la thoi gian tinh (n-1)!.

= Trong trvadng hop n = 0 thi chwong trinh chi
thwe hién mot |énh return 1, nén ton O(1), do
do taco T(0) = C,.

m Trong trwd'ng hgp n>0 chwong trinh phai goi
dé quy Giai_thua(n-1), viéc goi dé quy nay
ton T(n-1), sau khi co két qua cua viéc goi dé
quy, chwang trinh phai nhan két qua do véin
va return tich so.

m Thoi gian dé thuc hién phép nhan va return
la mot hang C,. Vay ta c6 phwong trinh:

C, neu n=0
T(n) = .
T(n-1)+C, nédu n>0
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Giai thuat MergeSort

List MergeSort (List L; int n){
List L1,L2
if (n==1) RETURN(L);
else {
Chia déi L thanh L1 va L2, v&i d6 dai n/2;

RETURN(Merge(MergeSort(L1,n/2),MergeSort(L2,n/2)));

h
h
m  Ham MergeSort nhan mt danh sach c6 dé dai n va tra
vé mot danh sach da duoc sap xép. )
m Thd tuc Merge nhan hai danh sach da duwoc sap L1 va
L2 mOi danh sach c6 do dai, trdn chung lai v&i nhau dé
dwoc moét danh sach gom n phan t&r c6 thi tuw.
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MO hinh minh hoa
Mergesort

m Sap xép danh sach L gdom 8

fl\ﬂ'ﬁ;, phant7,4,8,93,1,6,2
BTt [Tasssiez]
—

; 74l lso] [82] [62]
N GO

| 123467809 |
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Phuwong trinh dé quy cua
giai thuat MergeSort

m Goi T(n) la thoi gian thwe hién MergeSort
mot danh sach n phan t

m Thi T(n/2) la thoi gian thye hién MergeSort
moét danh sach n/2 phan tc.

m KhiL c6 dd dai 1 (n =1) thi chwong trinh
chi lam mot viéc duy nhét la return(L), viéc
nay tén O(1) = C1 thoi gian.

m Trong trrong hgp n > 1, chwong trinh phai
thire hién goi dé quy MergeSort hai lan cho
L1 va L2 v@i do dai n/2 do do thoi gian dé
goi hai lan dé quy nay la 2T(n/2).
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Phuwong trinh dé quy cua
giai thuat MergeSort (tt)

m Ngoai ra con phdi tén thoi gian cho
viéc chia danh sach L thanh hai ntra
bang nhau va tron hai danh sach két
qua (Merge).

m Nguoi ta xac dinh dwoc thoi gian dé
chia danh sach va Merge la O(n) =
C2n.

m Vay ta c6 phuwong trinh dé quy nhw

Sau.
C, néun=1
T(n)= 2T£%)+Czn néun>1
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Giai phuwong trinh dé quy

m C6 ba phuong phap giai
phuwong trinh dé quy:
e Phuwong phap truy hoi.
e Phwong phap doan nghiém.
e L& gidi tong quat ctia mot I&p
cac phuwong trinh dé quy.
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Phwong phéap truy hoi

m Dung dé quy dé thay thé bat ky T(m)
v&i m < n vao phia phai cia phwong
trinh cho dén khi tat ca T(m) véim >
1 dwoc thay thé béi bi€u thirc cla
cac T(1) hoac T(0).

m Vi T(1) va T(0) ludn 1a hang sé nén
ching ta c6 céng thire cua T(n) chira
cac s hang chi lién quan dén n va
cac hang so.

m Tw cOng thirc do ta suy ra nghiém
cua phwong trinh.
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Vi du 1 vé giai phuwong trinh dé
quy bang phuong phap truy hoi

{Cl néu n=0

T(n) = .

T(n-1)+C, nGu n>0
T(n) =T(n-1) + C2
T(n) =[T(n-2) + C2] + C2 =T(n-2) + 2C2
T(n) =[T(n-3) + C2] + 2C2 =T(n-3) + 3C2
T(n) = T(n-i) +iC2

m Qua trinh trén két thic khin-i=0hayi=n.

m Khidotaco T(n)=T(0)+nC2=Cl+nC2=
O(n)
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Vi du 2 vé giai phuwong trinh dé
quy bang phwong phap truy hoi
{Cl néu n=1

I"'Q" ZT( j+C n ntu n>1
10 ’ 2

2 3:

8_+ _4

T(n) = ZT(—] +C,n
7695 2

.
Ty =221 2]+c,
"= { (4) 2]
T(n) = 4 2T(ﬂj +c,2roc,n= ST(E] £3C,n
8 4| 8

T(n) _ZT(2 j+|C n

+C,n= 4T(%) +2C,n

Qua trinh suy rong sé két thac khin/2i=1 hay 2’=nvado doi=
logn. Khi d6 ta c6:
T(n) =nT(1) + lognC,n = C,n + C,nlogn = O(nlogn).
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L&i gidi tong quat cho mot 16p
cac phwong trinh dé quy

= Trong muc hay, chung ta sé nghién

clru cac phan sau:

e Bai toan dé quy tong quat.

e Thanh lap phwong trinh dé quy tong
quat.

e Giai phwong trinh dé quy tong quat.

e Cac khai niém vé nghiém thuan nhat,
nghiém riéng va ham nhan.

e Nghiém ctia phwong trinh dé quy tong
quat khi d(n) lIa ham nhan.

e Nghiém clia phwong trinh dé quy tong
quat khi d(n) khéng phai la ham nhan.
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Bai toan dé quy tong quat

m DE gidi mot bai toan kich thu’(yqn, ta chia bai toan
déa cho thanh a bai toan con, moi bai toan con co
kich thwdc n/b. Giai cac bai toan con nay va tong
hﬁ’p két qua lai dé dwoc két qua cua bai toan da
cho.

m V@i cac bai toan con chung ta cling sé€ ap dung
phuwong phap dé dé ti€p tuc chia nhé ra nira cho
dén cac bai toan con kich thwéc 1. Ki thuat nay sé
dan chung ta den mot giai thuat dé quy.

= Gia thiét rdng mdi bai toan con kich thwéc 1 18y mot
don vi thoi glan

= Gia thiét thoi gian dé chia bai toan kich thudc n
thanh cac bai toan con kich thwéc n/b va tong hop
két qua tir cac bai toan con dé dwoc loi giai cla bai
toan ban dau la d(n).
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Thanh lIap phwong trinh dé
guy tong quat

m NéEu goi T(n) la thoi gian dé giai bai toan kich thwédc n

u T/hb| T(n/b) la thi gian dé giai bai toan con kich thuéc
n/b.

m  Khi n =1 theo gia thiét trén thi thoi gian giai bai toan
kich thwéc 1 1a 1 don vi, tee 1a T(1) = 1.

= Khinlon hon 1, ta phai giai dé quy a bai toan con kich
thudc n/b, moi bai toan con ton T(n/b) nén thoi gian cho
a i gidi de quy nay la aT(n/b).

= Ngoai ra ta con phai ton thoi gian dé ' phan chia bai toan
va tong hop cac két qua, thoi gian nay theo gia thiét
trén la d(n). Vay ta cé phwong trinh dé quy:

1 neun=1

T(n) = (bj+d( n) neun>1
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Giai phuwong trinh dé quy
tong quat

T(n) = aT(%j +d(n)

T(n):{aT(§j+d(gﬂ+d(n) - 2T(%)+ac{%j+d(n)
T(n)= az[aT(%j + d(%ﬂ + a{%) +d(n)
- 3T(%j+a2d(§j+ad(gj+d(n)
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Giai phuwong trinh dé quy
tong quat (tt)

— 1 n 29 i n
o T(n) =a'T(—.j+ a‘d(—.)
12 i
O] 2 b jj;o b’
:a 3 -2 > V4 N\ ”~ ~ ~
8_+ _4 Gia st n = bk, qua trinh suy rong trén sé
762 két thuc khi i = k. Khi d6 ta duoc:
-

815 )- T[g_j ~T(1)=1

Thay vao trén ta co:

k-1
T(n) =a" + jj”atjd(bk'j)
j=0
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Nghiém thuan nhat va
nghiém riéng

k-1
T(n) =a" + i’éjd(bk'j)
j=0

Nghiém cua phwong trinh la:
MAX(NTN,NR).
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Ham nhan

s MOt ham f(n) dwoc goi la ham
nhan (multiplicative function)
néu f(m.n) = f(m).f(n) v&i moi sé
nguyén dwong m va n.

m Vidu:

e Ham f(n) = nk la mdt ham nhan, vi
f(m.n) = (m.n)k= mk.nk = f(m).f(n).
e Ham f(n) = logn khéng phai la mot
ham nhan, vi f(n.m) = log(n.m) =
logn+logm # logn.logm = f(n).f(m)
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Tinh nghiém riéng khi d(n)
la ham nhan
s Khi d(n) la ham nhan, ta co:

= d(b") = d(b.b.b.....b) =
d(b).d(b)...d(b) = [d(b)]*

v
} =[d(b)]® L
-1

NR:;{f”aid(b"‘) i A[d(b)]< = [d(b)]* iﬁd(b)

=0

d(b)

_a‘-[d(b)]"
Hay NR==—

d(b)
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. _a-[d()*
Batrwong hop ™" a |
d(b)

T2 m Treong hop 1: a > d(b)

In < Trong cong thirc trén ta c6 ak > [d(b)]¥, theo
quy tac lay do phuirc tap ta c6 NR la O(ak) =
O(n'°9, @) = NTN.

Do dé T(n) & O(n'eg, ).

m Treong hop 2: a <d(b)

Trong cdng thirc trén ta co [d(b)]« > a*, theo
quy tac lay do phirc tap ta c6 NR la
O([d(b)]¥) = O(n'09,d®)) > NTN.

Do dé T(n) la O(n'eg, d()),
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. R & - ldb)]"
Ba trwong hop (tt) a
d(b)
Truwong hop 3: a = d(b)
Cong thuac trén khong xac dinh nén ta
phai tinh truc tiép nghiém riéng:

NR =[d(b)]* i{d(b)} —aPl-ak  (doa=d(b))

=0

Do n = bk nén k = log,n va ak = nlog,2,
Vay NR la n'°9,alog,n > NTN.
Do dé T(n) & O(n'°9, 2log,n).
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Vidu: GPT v&i T(1) =1 va

1 T(n) = 4T(gj in

L] =
" Phuong trinh d4 cho c6 dang

8 + 4 ° c
\.7 62 / phwong trinh tOng quat.

= m d(n)=n la ham nhan.
ma=4vab=2.

md(b)=b=2<a.

m T(n) = O(n'°9,2) = O(n'°94) = O(n?).
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m Phwong trinh da cho c6 dang
phuwong trinh tong quat.

m d(n)=n? la ham nhan.
. > ma=4vab=2
e ad)=b2=4=a
m T(n) = O(n'°9,2log,n)
= O(n'°%*logn) = O(n?logn).

- Vi du: GPT véi T(1) = 1 va
_ 2/ T(n) :4T(gj+ n?

il TS

N

8, . 4 '
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Vidu: GPT v&i T(1) =1 va
3 T(n) =4T(gj+n3

s Phuwong trinh da cho ¢6 dang
phwong trinh tong quat.

m d(n)=n3la ham nhan.
ma=4vab=2.

md(b)=b3=8>a.

m T(n) = O(n'°g db)) = O(n'°%L) = O(n3).
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Nghiém cua phwong trinh dé

quy tong quat khi d(n) khong

phai la ham nhan

= Trong trrd’'ng hop ham tién trién
khdng phai la mét ham nhan thi
ching ta khong thé ap dung cac
cbng thirc trng v&i ba trwong
hgp ndi trén ma chung ta phai
tinh trwe tiép NR, sau do lay
MAX(NR,NTN).
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Vidu: GPT vai T(1) =1va
T(n) = ZT(gj + nlogn

m PT thudc dang phwong trinh tong
quat nhwng d(n) = nlogn khéng phai
la mo6t ham nhan.

m NTN = nlog a2 = nlog2 = n

m Do d(n) = nlogn khéng phai la ham
nhan nén ta phai tinh nghiém riéng
bang cach xét truc ti€p
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. Vi du (tt)
| SEPREVADRLNER < DU R
_‘{l 2 3 NR = j:toad(b )= ;2 20g2
i g R _2Y (k- -2 D - ok
_ =

X

| g
5 T
-

m Theo giai phwong trinh dé quy tong quat thi n
= bk nén k = log,n, & day do b = 2 nén
2k=nvak = logn,

s NR= O(nlog?n) > NTN

m T(n) = O(nlog?n).

Q
n
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BT4-1: GPT véi T(1) = 1 va
T(n) =T(gj+l

s Phuwong trinh da cho ¢6 dang
phwong trinh tong quat.

s d(n)=1la ham nhan.
ma=l1lvab=2.

mdb)=1=a.
m T(n) = O(n'°9,2log,n) = O(n'°%tlogn)
= O(logn).
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s Phuwong trinh da cho ¢6 dang
phwong trinh tong quat.

m d(n)=logn khéng phai la ham nhan.
m NTN = O(n'°9,2)=0(n'°92)=0(n).
m Tinh truc tiép nghiém riéng.

BT4-2: GPT v&i T(1) = 1 va
T(n) = ZTLE) +logn
12T
N
d.? % 54_ '
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BT4-2:GTPvoi T(1) =1vaT(n) = 2T(gj +logn

k-1 k-1
- NR=)ald(p*’)=) 2'log2“’

j=0 j=0
k-1 k-1 _ k-1 _
NR=Y"2I(k-j)=Y k2! =Y j2!
j=0 j=0 j=0

¢ 1
)

- k-1
NR=0(k> 2')=0(k
— 2-1

NR = O(k2) = O(nlogn) > n= NTN

T(n)=0(nlogn)
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