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2.1 Thuat toan chia dé tri tong quat

 Gid sU rang, thuat todn phan chia mot bai toan ¢& n thanh
a bai toan nho. Trong dé6 moi bai toan nho cé cd n/b.

Caing vay, ta gid st rang téng cac phép toan thém vao khi
thuc hién phan chia va tébng hgp [0i gidi cia bai toan la
a(n).

Khi d6 néu f(n) 1a s6 cac phép toan can thiét dé giai bai
toan da cho, thi f thda man hé thic truy hoi sau day:

oo F(n) = a.f(n/b) +g(n).




2.1 Thuat toan chia dé tri tong quat

Duéi day la ndéi dung cta thuét toan chia dé tri:

Main D _and C(n)
{
Néu n <= n, thi (* n, 14 kich thu6c di nhd *)
Giai bai todn mdt cach truc tiép
Nguoc lai
i. Chia bai toan thanh a bai toan con kich thudc n/b
ii. Cho (Moi bai toan trong a bai toan con) thuc Hién D_and_C(n/b)
ii. Téng hop I0i gidi cua a bai toan con dé thu duoc I0i gidi clia bai toan gbc

/
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2.2 MOt sO thi du minh hoa
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2.2.1 Bai toan tim kiém nhi phan

<+ Bai toan: Cho s6 x va mang A[1..n] cac sO nguyén duoc sap
x€p theo th& tu khéng gidm. Tim i sao cho A[i] = x. (Gia thiét i
ton tai).

“* Phan tich bai toan:
So6 x cho trudc:
+ Hodc la bang phan t&r nam & vi tri gilta mang A
+ Hodc 1a nam & nira bén trai (x < phan tr & gilra
mang A)
+ Hodc 1a nam & nira bén phai (x > phan tr & gilta
mang A)




2.2.1 Bai toan tim kiém nhi phan

TU nhan xét doé ta co6 giadi thuat sau:

Index location(index low, index hight)
{
Index mid;
If (low > hight) return O;
Else {
mid = (low hight)/2
If (x == A[mid]) return mid
Else
If (x < Almid]) return location(low, mid - 1)
Else
Return location (mid + 1, hight);




2.2.1 Bai toan tim kiém nhi phan

Thi du:

Gia sUrta can tim x = 18 trong day
A={10,12,13, 14, 18, 20, 25, 27, 30, 35, 40, 45, 47}.
G day n =13.

Ta thuc hién nhu sau:
Dautiéntatinnmid=(1+13)/2=7 => A[7]=25
Vi x = 18 < 25 nén ta tim trén day nhoé A, = {10, 12, 13, 14, 18, 20}
Tatimsd & gitamdidola mid, =(1 +6)/2=3 => A1[3]=13
Vix =18 >13 néntatim trén day I6n A, = {14, 18, 20}
Ta lai ti€p tuc tim phan tir gitra ctia day con mdi
mid, = (4 + 6)/2 =5 => A[5] = 18

Thong béo chi s6 i = 5 va dimng thuat toan.




2.2.1 Bai toan tim kiém nhi phan

< DO phurc tap cua thuat toan:
Goi T(n) la thoi gian can thiét dé thuc hién thuat toan. Khi do:

1 n 1

Fn) T(§) 1 no 1

Theo dinh ly tho (xem phu luc A) ta cé

T(n) O(log, n)
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@ 2.2.2 Bai toan phép nhan cac s6 nguyén 16n

“* Thuat toan c6 di€n dé nhan hai s6 nguyén c6 n chit
sO |a O(n?).

“*Nam 1962 A.A. Karatsuba da kham pha bang cach
rat gon phép nhan hai sé6 nguyén n chir s6, xudng
thanh bon phép nhan hai s6 nguyén n/2 chir s6 nhu
sau:




@ 2.2.2 Bai toan phép nhan cac s6 nguyén I6n

“lInput: X X, X, o.-0gX Yoo Yu1Vn 2 1Yo

“Output: 2 X*Y 2,5, 120, 2%

* Ta biét rang:
n 1

X x, 100 x,  *10" ' x ,*10"* ... x *10" x,*10°
i 0
n 1 -
y y, *10" y o *10" "y O *10" % ..y, *10'  y,*10°
i 0
2n 1 n 1 1

z x*y z, 10" ( x, *10")*( y,*10")

i 0 i 0 i 0




2.2.2 Bai toan phép nhan cac s6 nguyén Ién

“* Vidu:
207 =2*102 + 0*10" + 7*10°
702 =7*102 + 0*10" + 2*10°
207*702 = 145314

=1"10° + 4"10% + 5*10% + 3*102 + 110" + 4*1Q°

% Bay gio gia su ta dat:
a Xy Xy 20X
C  YurYuo2dun
Khidd: x a*10"* b

z x*y (a*10"* b)(c*10"?

b X2 1Xnr2y 2+-%0
d Y 1Y 2Yo

y ¢*10"* d

d) (a*c)*10"

(a*d b*c)*10"?

(b*d)




2.2.2 Bai toan phép nhan cac s6 nguyén Ién

“*Vidu:
vBin=4; x=1026 vay = 3547
thia=10,b=26,c=35,d=47
Khi dé
X =1026 = 10102 + 26 = a*102 + b;
y =3547 =35"102+47 =c*102 + d
va z = X'y
= (10*35)*10* + (10*47+26*35)*102 + (26*47)
= 350104 + 1380102 + 1222
= 3.639.222




% Khi d6 ta c6 thdi gian thyc hién thuat toan Ia:

1 n 1

() 4T(§) cn no1

“* Theo dinh ly thg ta c6 d6 phiec tap cua thuat toan la .
T(n) O(n®)




2.2.2 Bai toan phép nhan cac s6 nguyén Ién

“* Nhan 981 véi 1234.
Téach tung toan hang thanh hai nia:
0981 choraa =09 vab =281,
1234 thanh c =12 va d = 34.
Luu y rang 981 = 102a + b va 1234 = 102c + d.
Do dé, tich can tim c6 thé tinh dugc la
981 x 1234 = (102a + b)(10%¢ + d)
= 10*ac + 10%(ad + bc) + bd
= 1080000 + 127800 + 2754 = 1210554
Thu tuc trén dén bon phép nhan hai nira: ac, ad, bc va bd.




@ 2.2.2 Bai toan phép nhan cac s6 nguyén 16n

<« Hay xét tich:
“ r=(a+b)(c+d)=ac+ (ad + bc) + bd

e

*

p=ac=09"12=108
q=bd=81%*34=2754
r=(a+b)(c+d) =90 * 46 = 4140
va cudi cling
981 x1234 =10 + 10%(r—p—q) + Qg
= 1080000 + 127800 + 2754 = 1210554.

Nhu vay tich ctia 981 va 1234 c6 thé rat gon vé ba phép nhan cla hai s6
c6 hai chr s6 (09*12, 81*34 va 90*46) cung vdi mot s6 nao dé phép dich
chuyén (nhan vdi luy thua cua 10), phép cdng va phép tru.

e
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2.2.2 Bai toan phép nhan cac s6 nguyén Ién

< Sau day la mo hinh cai tién thuat toan nhan s6 nguyén I6n
» Cai tién d€ con lai 3 phép nhan :

Pat zaxcl =bxd W=la+bixic+d

=r axd+hxe=W-LU-1

=> Z=Ux10" +(F -T -V 1=10* +7

< TU d6 ta dua ra thuat todn nhan s6 nguyén I6én la:




@ 2.2.2 Bai toan phép nhan cac s6 nguyén 16n

* Large integer Karatsuba(x, y, n);
{

If n==1 Return x*y
Else

{
a=x[n-1]. .. x[n/2]; b = x[n/2-1] . . . x[0];
c=y[n-1]...y[n2];d=y[n2-1] ... y[0];
U = Karatsuba(a, c, n/2),
V = Karasuba(b, d, n/2);
W = Karatsuba(a+b, c+d, n/2);
Return U*10" + (W-U-V)*10"2 + V




2.2.2 Bai toan phép nhan cac s6 nguyén Ién

Do phurc tap thuat toan:
“* Goi T(n) la thoi gian can thiét dé thuc hién thuat
toan. Khi do:

1 n 1

() 3T(§) cn n 1

“* Theo dinh ly tho T(n) = O(nlog3) ~ O(n'-%8)
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“*Bai toan:
Cho hai ma tran A, B vdi kich thudc n*n, ma tran C |a ma tran

tich clla hai ma tran A va B. Thuat toan nhan ma tran co6 dién
nhu cong thuc dudi day:

C=A"B hay

2.2.3 Bai toan nhan ma tran

Ci a; by
k1

Véi thoi gian thuc hién 1a O(n3) (n 1a kich thudc cua ma tran)




< Xét truong hop n = 2 thi

2.2.3 Bai todn nhan ma tran

, . c., ¢
ta CcO: A a, ,6112 B bl\l/ablz C 11 12
a, a4y b,, b,y Cr Cp
o C C a a b b
Khi dé: 11 12 11 12 11 12
Cry Cp a, A4y b, b,

¢, aub, ayb,
Vi ¢, ayb, a;b,,
C, Ayby,  a,b,,

C,, dyby, ayb,,

Ta thay thuat toan trén c6 it nhat dén 8 phép nhan.




2.2.3 Bai todn nhan ma tran

%+ Strassen da cai thién lai thuat toan trén bang cach dat:
my (ay,  ay)(b; by)
m, (a, ay)b,
my a, (b, b,)
my (b, by)
ms  (ay,  a;)by,
mg  (ay a,)b, by,)

m, (a, ay)b, by)

Thuat toan chi con 7 phép nhan. Khi dé6 ma tran C la ma tran tich cua hai
ma tran A va B:

m,_ m, m; m, m, M

m, m, m, m, m,; my




“*Vidu: Cho 2 ma tran 2x2 nhu sau:

1 1 1 2
A B
1 1 3 2

Thuc hién nhan 2 ma tran trén:
1. SU dung thuat toan nhan co6 dién

2. Str dung thuat toan Strassen




2.2.3 Bai todn nhan ma tran

* Goi T(n) la thai gian can thiét dé nhan hai ma tran kich thudc n*n. Gia su
rang n la luy thira bac 2.

<+ Thai gian dé€ tinh phép cdng, trtr ma tran la O(n*)

« Do do T(n)=7T(n/2) + dn?

* Apdung dinhlythotaco  T(n) O(n"®")

* DOi vdi cac truong hop ma tran vudng nhung kich thuéc khong phai la
luy thira bac 2 thi gidi quyét van dé bang cach thém cac dong va cac cot
sao cho kich thuéc ma tran méi gap doéi kich thudc ma tran cd va gan gia
tri cho céac phan t&r mdi thém la 0.

< Do Ig7<2,81 nén c6 thé thuc hién phép nhan hai ma tran kich thudc n*n

trong thdi gian O(n**)

L)
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2.2.4 Bai toan day con I6n nhat

“*Bai toan: Cho mang A[1..n]. Mang Alp..q] dugc goi
|a mdng con cla A. Trong lugng mang bang tong
cac phan t&. Tim mang con c6 trong luong 16n nhat
(1<= p<=qg<=n).




2.2.4 Bai toan day con I6n nhat

“Thiét ké thuat toan
* a/ Thuat toan don gian
“» D€ don gidn ta chi xét bai toan tim trong luong clla mang

con 1&n nhat con viéc tim vi tri thi chi la thém vao budc luu lai
vi tri trong thuat toan.

“* Ta c6 thé dé dang dua ra thuat toan tim ki€ém truc ti€p bang
cach duyét hét cac day con co6 thé clia mang A nhu sau:




@ 2.2.4 Bai toan day con I6n nhat

void BruteForceNaice;

{
Max1 = -MaxlInt;
for (i = 1; i<= n; i++) //ila di€m bat dau cda ddy con
for( | =i; j<= n; j++) // | 1a diém két thuc cua day con
{
s= 0,
for (k =i; k<=j; k++) // Tinh trong luong cua day
s =5+ AlK]

if (s >Max1) Max1 =S




2.2.4 Bai toan day con I6n nhat

“* Phan tich do phurc tap cua thuat toan trén:
Lay s =s + Alk] lam cdu Iénh dac tru‘ng, ta c6 sb lan thuc
hién cau Iénh dac trung la " o(n*)

il jik.i

< Thoi gian T(n) = O(n3)
* Néu dé€y, ta cd thé giam db phirc tap cua thudt todn bang
cdch giam bot vong lap trong cung (vong lap theo
K). j i1
alk] alj] alk]

k1 k1




* Khi doé thuat todn cé thé duoc viét mot cach tom tat nhu sau:
for (1=1;I<= n;i++)
for (j=1I; <= n; [++)

{

2.2.4 Bai toan day con I6n nhat

=s + Alj]; //C&au Iénh dac trung

if (s>max1) maxl =s;
/
s =s+ A[j] lam cau lénh dac trung thi ta co sé lan thuc

Lay
hién c4u Iénh dac trung Ia

o)
=> Thoi gian cua thuat toan T(n) = O(n?) g




2.2.4 Bai toan day con I6n nhat

“* b/ Céch tiép can chia dé tri

“* Chia: Chia mang A ra thanh hai mang con v&i chénh Iéch do
dai it nhat, ki hiéu la AL , AR.

* Tri: Tinh mang con I6n nhat cia moi nita mang A mét cach
dé quy. Goi WL, WR la trong Iuiong cia mang con I6n nhat
trong AL, AR.

“* Téng hop: Max (WL, WR).
WM = WML + WMR




2.2.4 Bai toan day con I6n nhat

“* Cai dat thuat toan:
void MaxSubVector(A, i, |);
{
If (i ==j) return ali]
Else
{

m = (i+))/2;

WL = MaxSubVector(a, i, m);

WR = MaxSubVector(a, m+1, j);

WM = MaxLeftVetor(a, i, m) + MaxRightVector(a, m+1, j),
Return Max(WL, WR, WM )

/
/




< Cac ham MaxLeftVector, Max RightVector duoc cai dat nhu sau:
void  MaxLeftVector(a, i, j),

{

2.2.4 Bai toan day con I6n nhat

MaxSum = -Maxint ; Sum = 0;
for( k = j;k>= i;k--)
{
Sum = Sum + A[K];
MaxSum = Max(Sum,MaxSum);

/

Return MaxSum;




2.2.4 Bai toan day con I6n nhat

 Tuong tu véi ham MaxRightVector la.
for (k = i;k<= j;K++)
{
Sum = Sum + A[K];
MaxSum = MaxSum(Sum, MaxSum);




“* Phan tich dé phurc tap

Thoi gian chay thu tuc MaxLeftVector va MaxRightVector
la O(m)

(Mm=j-i+1)

Goi T(n) la thdi gian tinh, gia thiét n = 2« .

Ta co
—1thiT(n) =1

n > 1 thi viéc tinh WM doi hdi thoi gian n/2 + n/2 = n

—>T(n)=2T(n/2) +n T O(ogn)

Theo dinh ly tho ta co

2.2.4 Bai toan day con I6n nhat
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2.2.5 Bai toan sap xép

» Cho A[1..n] 1a m6t mang n phan t&. Hay sap x€p cac phan tu
cua A theo thir tu khéng giam.

* Nhu chlng ta da bi€t thoi gian dung Selection Sort hay
Insertion Sort d€ sap xép mang A trong ca hai trudong hop:
xau nhat va trung binh déu vao ¢ n2. Con HeapSort vao
khoang n.logn.

<* C6 mOt sO giai thuat dac biét cho bai toan nay theo moé hinh
chia d€ tri d6 1a MergeSort va QuickSort, ching ta sé lan
lugt nghién ctu chung.




2.2.5 Bai toan sap xép

** a. MergeSort

* D€ sap x&p mang A[1..n] véi n 1a kich thudc cla A.

“ Thuat toan sap x€p bang phuang phap MergeSort duoc trinh
bég dua trén y tudng cua Ky thuat chi de tri dugc mo ta theo
3 budc sau:

<* Budc chia: néu n =1 thi return A ngugc lai chia A thanh hai
day con A1[1..n/2], A2[1+n/2..n].

“** Budc dé quy: goi lai budc 1 cho A1, A2.

< Budc tri: két hop A1, A2 da co th(r tu thanh mang A ban dau.

** Thi du sau mé ta truc quan giai thuat trén bang cay nhi phan
dudi day, voi moi nut cua cay la mot ham de quy cua
MergeSort.




2.2.5 Bai toan sap x€ép
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2.2.5 Bai toan sap xép

DéE tron hai mang con A1, va A2 da cé thr tu thanh mang A ban dau cling
c6 th(r tu ta thuc hién theo cac budéc sau:

Goi h, m lan luot 1a s6 phan t& cda hai mang con A1 va A2

Budc 1: Gan i, j, k bang 1

Budc 2: Trong khi i<= h va j<= m so sanh A1[i] v&i A2]]]

Budc 3: Néu A1l[i] < A2[j] thi day phan tir thri cia A1 vao A va tang i mét
don vi ngugc lai day A2[j] vao A va tang j mét don vi.

Budc 4: Tang k mot don vi

Budc 5: Néu h > m thi ddy tat ca nhiing phan tir con lai cia A1 vao A,
nguoc lai day tat ca cac phan ti con lai ciia A2 vao A.




2.2.5 Bai toan sap xép

< Dudi day la thd tuc cda thuat toan trén:
void Merge(h, m, A1, A2, A) //h:sOphantlcliaAl; m=n-h:s6phantlclaA2
{

Index i, j, k;
i=1;j=1;k=1;
while (i <= h && j <=m)
{
If (A1[i] < A2[j])
{
A[K] = A1[i];
I++;
}
else {
Alk] = A2[]];
j++;
}
K++;
}
if(i > h)
copy A2[j..m] to Alk..h + m];
else

copy AlJ[i..h] to Alk..h + m];
}




2.2.5 Bai toan sap xép

< Thuat toan sap xep tron (MergeSort) sau day cé thé t6t hon néu céc mang Al va
A2 la cac bién toan cuc va xem viéc sap x€p chén Insert(A) nhu 14 gidi thuat co
ban

Void MergeSort(int n, keytype A[])
{
If (n>1) {
Constint ,m=n—h; /*trongddé x laphan nguyén I&n nhat khéng quéa x
Keytype A1[1..h], A2[1..m];
Copy A[1..h] to A1[1..h];
Copy Alh +1..n] to A2[1..m];
MergeSort(h, A1);
MergeSort(m, A2);
Merge(h, m, A1, A2, A);
}
}




<* DO phtrc tap cua thuat toan

“* Gid s T(n) 1a thoi gian can thiét dé€ thuat toan nay sap xép
mot mang n phan td. Viéc tach A thanh A1 va A2 1a tuyén
tinh. Ta clng de thay Merge(A1, A2, A) cling tuyén tinh. Do
vay:

o« T(n) T(n/2) T(nl2) g

“* trong do6 g(n) = O(n)

“hay T(n) = 2T(n/2) +g(n)

“* Theo dinh lythotacdé:a=2;b=2

“* Nén T(n) = O(n.logn).

2.2.5 Bai toan sap xép




@ 2.2.5 Bai toan sap xép

“*b. Quicksort

“* Thuat toan nay dugc phat minh bdi C.A.R Hoare vao
nam 1960 va chinh thic gidi thi€u vao nam 1962, n6
dugc hi€u nhu |a tén goi clia n6 — ‘sap x€p nhanh’,
hon nita n6 ciing dua theo nguyén tac chia dé tri.




2.2.5 Bai toan sap xép

“Budc 1 chon ngau nhién moét phan t&r lam chot
(pivot) t&r mang Ali..j] can sap xép.

“*B2 ngdn mang nay ra 2 phan: cac phan tt I6n hon
khoa choét thi dugc chuyén vé bén phai cla no (cudi
day), nguoc lai thi chuyén vé bén trai (dau day).

“*»Sau d6 moi phan clia mang dugc sap xép doc lap
bang cach goi dé quy thuat toan nay, va cudi clung
mang sé dugc sap x&p xong.




2.2.5 Bai toan sap xép

* Van dé dat ra la Iam thé nao dé tim ch6t sao cho viéc phén
hoach mang da cho thanh 2 mang con cé kich thudc can
bang nhau.

< D€ don gidn, chang ta chon phan t& dau tién trong mang lam
chot (tlc la p = Ali]) va hi vong né Ia tot nhat co thé.

o T|ep dén, ta su dung hal bi€n, bién left bat dau tUri va chay
tu trai sang phai, bién k bat dau tU j+1 va chay tu pha| sang
trai. Bién left tang cho tGi khi A[left] > p, con bién k gidm cho
tGi khi A[k]<= p. néu left < k thi hoan vi A[left] va A[k]. Lap lai
qua trinh trén cho t&i khi left > k. cu6i cung ta hoan vi A[i] va
A[K] d€ dat chot vao dang vi tri cda no.




@ 2.2.5 Bai toan sap xép

< Thi du:
Gia s(rta can sap xép day: 42 23 74 11 65 58 94 36 99 87.

Néu ta chon chét 1a s6 dau tién thi p = 42. Ta tim cach chuyén cac s6 11 23
36 vé trudc chbt. Néu duoc vay thi ta da phan day ra thanh hai day con
nhu sau:

(42) 74 11 65 58 94 36 99 87

J

|
36 11 65 58 94 74 99 87
=
11 23 36  6(«258 94 74 99 87

Hinh 2.2 M6 phong sap x€p bang thuat toan Quicksort




2.2.5 Bai toan sap xép

< Dudi day la thu tuc phan doan:
void Partition(A[i..J], var k)
{
P = Ali];
left = i;
kK=j+1;
do left = left + 1; while (A[left > p]) or (left >)) ;
do k = k-1; while (A[k]<= p);
While left < k do

{
Swap(A[left], A[K]) ;
do left = left + 1; while (A[left > p]) or (left > j) ;
do k = k-1; while (A[k]<= p);

}

Swap(A[i], A[K]) ;
}




@ 2.2.5 Bai toan sap xép

< Sau day la thuat toan sap x€&p vdi tén goi la Quicksort dung dé sap xép
mang A[1..n]:
Void Quicksort(A[1..n]); // Sap xép theo thir tu khéng giam

{

ifn du nho thi Insert(A[1..n])

else

{
Partition(A[1..n],k);
quicksort(A[1..k-1]);
quicksort(Alk+1,n]);




2.2.5 Bai toan sap x€p

2.1 M0 ta qua trinh lam viéc cua pivot (choét) va Quicksort

Ali] 42 23 74 11 65 58 94 36 99 87
Lugt

1 (11 23 36) 42 (65 58 94 74 99 87)
2 11 (23 36) 42 (65 58 94 74 99 87)
3 11 23 (36) 42 (65 58 94 74 99 87)
4 11 23 36 42 (58) 65 %94 74 99 87)
5 11 23 36 42 58 65 (94 74 99 87)
6 11 23 36 42 58 65 (87 74) 94 (99)
7 11 23 36 42 58 65 (74) 87 94 (99)
8 11 23 36 42 58 65 74 87 94 (99)
9 11 23 36 42 58 65 74 87 94 99




2.2.5 Bai toan sap x€p

L)

o0

* D6 phtrc tap cua thuat toan:

* dé phdn hoach mang n phan tu ta can thoi gian O(n).
“* goi T(n) la thoi gian thuc hién QuickSort, chung ta co
quan hé dé quy sau:

4

L)

L)

4

o) n 1

T(n)
On) T(n 1 ,n 1




2.2.5 Bai toan sap xép

“ Vay ta co:
T(n) =O(n) + T(n-1)
=0O(n) + O(n-1) + T(n-2)

n 0OG) On).

i1

Nhu vay, trong trudong hop xau nhat QuickSort doi hdi thoi gian O(n?).

* QuickSort co thé sap xép 1 mang n phan t&r khac nhau trong
trudng hop trung binh la O(n.logn).




2.2 MOt sO thi du minh hoa

Bai toan tim kiém nhij phan

Bai toan phép nhan cac sé nguyén Ién

P00

Bai toan nhan ma tran

Bai toan day con Ién nhat

NN
'§|\
\

Bai toan sdp xép

Bai toan liy thura




2.2.6 Bai toan lay thua

< Xét bai toan a" vdi a, n la cac s6 nguyén va n khong
am. Thuat toan tinh a» dugc thuc hién bang phuong
phap lap nhu sau:
Int expose(a,n)
{Int result = 1;
for (int1=0;1<=n; ++I)
result "= a;

}




2.2.6 Bai toan lay thua

“* Thuat toan nay doi hoi thoi gian tinh ¢d O(n)

“*1énh result = a.result dugc thuc hién dung n lan, véi
diéu kién phép nhan duoc tinh la phép toan co ban.
**Tuy nhién trong hau hét cac may tinh tham chi vdi
nhiing gia tri nho cua n va a da dan tai tran bo nho.
Vi du 15'7 da khong thé bi€u dién dugc trong 64-bit

sO nguyén.




2.2.6 Bai toan lay thua

MOt giai phap dé tang hiéu qua cla ham expose la
chia a” thanh (a"?)? khi n chan.

“»Day la diéu rat dang cha y vi a2 ¢é thé tinh duoc
nhanh gap 4 lan so véi a” va véi mot phép binh
phuong don gidn ta thu duoc két qua tu a2

1 nchaw O
a"  (a®)F)a

a(a2) nl/?2




@ 2.2.6 Bai toén lay thua

<« Thidu: a* = ((((a®??)?)? chi bao ham 5 phép nhan.
% a®! = ((((a®)a)?a)?a)?a chi bao ham 8 phép nhan.
“* Tu phan tich trén dua ra y tudng cho thuat toan sau:

1 int power(int a, int n)
2 {if (n=0)
3 return 1;

else if (N %2 == 0)
return power(a*a,n/2) // n chan
else
return a*power(a*a,n/2) //n 1é

AN N TN N N N N N
N N N N N N N N




2.2.6 Bai toan lay thua

“*Phan tich thdi gian:
“*goi T(n) la thai gian thuc hién thuat toan. Khi dé ta
CO:

a n 0

T b T2,
b TCnlR

vGi a.b 1a nhiing hang s6 nao doé.
“* Ap dung dinh Iy thg ta cé T(n) = O(logn).




Tong két chuong

>
>

Bai toan Bai toan
sap xép ldy thua

Bai toan
nhan ma
tran

[
[




Cai dat cac bai toan da hoc trong chuang 2




Noi dung nghién cttu trudc

Nghién ctru truéc chuong 3




TRUONG CAO PANG CNTT HU'U NGHI ViET - HAN
KHOA KHOA HOC MAY TINH
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