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Gidi thuat va cau trac dit liéu

= Giai thuat va cac dac trwng cua giai thuat
= Dién dat giai thuat

= Kiéu di¥ liéu, ADT, Cau trac dir liéu

Phan tich va thiét ké giai thuat

" Thiét ké giai thuat

" Phan tich giai thuat

MOt s6 [6p cac gidi thuat




Muc tieu

“*Tim hi€u cac ndi dung:
" Thiét ké va phan tich duoc gidi thuat
" Hiéu ro vé Kiéu di liéu, Kiéu di liéu trtru
twong, Cau trac dir liéu.
" Panh gia do phurc tap cua giai thuat co ban




Giai bai toan bang may tinh

Gidi quyét mot bai toan:

"Lamaqgi ?

" Lam nhu thé nao ?

Gidi quyét Bai toan Tin hoc  phai:

= T chirc biéu dién cac doéi twong thwc té

= Xay dwng trinh tw cac thao tac x ly trén cac
doi twong div lieu dé




v Gidi bai toan bang may tinh

“*Hai yéu t6 tao nén mdt chuong trinh may tinh
= Cau trac dir liéu
" Giai thuat

Cau truc dir liéu + Giai thuat = Chuong trinh




Giai thuat

Pinh nghia: la day cac cau lénh chat ché
va ro rang xac dinh mot trinh tw cac thao
tac trén moét sé6 doi twong nao do, sao cho
sau mot s6 hiru han buéc thuc hién ta dat
dwoc két qua mong mudn

MOi thuat toan c6 mot dir liéu vao (Input) va
mot dir liéu ra (Output);




Giai thuat
< Ly thuyét gidi thuat quan tam dén nhiing van dé
sau :
" 1. Giai dwoc bang giai thuat :
= 2. TOI wu hda gidi thuat :
= 3. Trién khai giai thuat:




Pac trung cua giai thuat

JITin
I Tin
ITin
I Tin
ITin

n xac dinh :
n dung (hGu han):
n ding dan:
n ph6 dung:

n kha thi:




Dien dat gidi thuat

“*Dang luu do ( so db khoi)

“*Dang ngdn ng( tu nhién (Ngén ng(r liét
ké tung budc)_

“*Dang ma gia

“*Ng6n ngir lap trinh




s X m 2= A
Dien dat giai thuat
Cac nut bi€u dién giai thuat bang so do khoi

- Nt thao tdc:

Nut diéu khiénirong dé ghi diéu kién can ki€m
tra trong qua trinh tinh toan.

Nut khoi dau ,két thic:

» Cung :




,‘) Vi du : Gidi PT: ax? + bx + c= 0, gidi thuat mé ta

bang sa do khoi

True

True ‘ ‘ True

F




Dien dat gidi thuat

<*Vidu 1: Giai thuat xac dinh n la s6 nguyén to6
" Buwdce 1: Ghinhan n
" Budc 2: NéEun <10nkonguyéntbl dwwng
" Buéc3:Néun>2,ganill 2
= Buwdc 4: NEu i =+Vn hay n chia hét cho il budc 6
" Bwdoc 5: Ganili+l, tro lai budc 4
" Budc 6:
* Néui>+vn 1l nnguyénto [ dirng
* Nguworc lai, nkhéng la nguyén té [ dirng




Dien dat giai thuat (tt)

Vi du 2: Giai thuat tim phan t& th&r n cla day so
Fibonacci
" Bwdce 1: Ghi nhan n
= Budc 2: Néun=1hay n=20u =10 dwng
" Buwdc 3: NEun > 2, gan all, bil, ill
" Budc 4. Gan cllat+b, allb, blc
" Budc 5:
e Néui=n-20u=cldwrng
* Nguweoc laiili+1, quay lai buwéc 4




‘2

Dien dat giai thuat (tt)

Vi du 3: tim phan t& [&n nhat trong mang A
" Giai thuat timMax(A, n)
Input: Mang A, gém n s6 nguyén
Output: Gia tri I&n nhat cua A
Max  A[0]
fori 1lton 1ldo
If All] Max then
Max Al
return Max




4

Kiéu dir liéu,
Kiéu dir lieu truu tuong

Ki€u d{r liéu (Data type)

Kiéu dir liéu triru tugng (ADT - abstract data

type):

= Mot ki€u dir liéu triru trong 1a mot mo hinh
toan hoc cung v&i mot tap hop cac phép
toan (operation) dwoc dinh nghia trén mo
hinh do.




Cau truc dir liéu

<*Cau trac dir liéu (Data structure)

< Trong ngbn ng{ [ap trinh, c6 mot s6 cau truc dit
liéu riéng cua n6 duoc goi la CTDL tién dinh.




Cau truc luu trit (trong/ngoai)

“*La céc biéu dién cau trac dir liéu trén bd nhé
(trong/ngoai) cua may tinh

<*C6 nhiéu cau truc luu trit khac nhau cho cling
mot cau trdc d liéu




Moi quan hé gitra Giai thuat va

Cau truc dir liéu
Doi tuong x ly cla gidi thuat chinh la d{r liéu
V&i mot cau trac dir liéu, sé cd nhitng gidi thuat
tuong Ung.

Khi cau trac dir liéu thay doi thuong gidi thuat
cling phai thay doi theo.




?

Thiét ké giai thuat

______________________
! I

! I

I i |

Thiét ké : o I Lap trinh #include

Bai toan
thuc té

e

______________________

Giai thuat Chuong trinh
Ky thuat thiét ké giai ‘Ngén ngir 1ap
thuat: trinh:
Chia dé tri, quy hoach *PASCAL, C/C++,
dong, backtracking ..vv JAVA, C#




Thiét ké giai thuat (tt)

VGi mot van dé dat ra, lam thé nao dé dua ra
thuat toan gidi quyét n6?

Chién lugc thiét ké:

" Chia-dé-tri (divide-and-conquer)

" Quy hoach dong (dynamic programming)

" Quay lui (backtracking)

" Tham lam (greedy method)




Thiét ké giai thuat (tt)

Module hoa va viéc giai quyét bai toan

= Chién thuat chia dé tri (divide-conquer):

= Pé thwc hién chién thuat nay, thwdng cé hai
cach thiét ké:

1.Ttr trén xudng (Top-Down Design).

2. Tinh chinh ttrng buwéc




Thiét ké giai thuat (it)

< Sau day la lugc do cua ky thuat chia-dé-tri:
DivideConquer (A,x) // tim nghiém x cuUa bai toan A.

if (A d0 nhd)
Solve (A);
else
Chia bai toan A thanh cac bai toan con
Al, A2,..., Am;
for(i=1;i<=m;i++)
DivideConquer (Ai, xi);
Két hgp cac nghiém xi cla céac bai toan con Ai (i=1, ..., m)
dé nhan dugc nghiém x cla bai toan A;




Thiét ké gidi thuat (it)

“* Tinh chinh tung budc:
= Biéu dién y twdng bang ngdn ngir tw nhién
= Cu thé tirng phan, thay doi bang ngdn ngir
chwong trinh

" Cudi cung ta c6 chuwong trinh




Thiét ké gidi thuat (it)

< Vi du: Bai todn sap xé€p mot day n s0, theo thu
tu tdng dan
* Chon s6 bé nhat trong n s6 dé vao vi tri thir 1
* Chon s06 bé nhat trong n-1 s con lai dé vao vi tri thr 2

" Chon s6 bé nhéat trong 2 s6 con lai dé vao vi tri thir n-1




Thiét ké gidi thuat (it)

< = For(i=1,i<=n-1, i++)
{- Chon s6 bé nhat trong cac s6
- DOi cho cho xi

}
= For(i=1,i<=n-1, i++)
Ftg=xi] ,
-S0 sanh tg voi cac sO tu x,,., -> x, . Néu x[i] > cac
sé do thi lai ldy s6 doé lam sé tg
- doi chd x[i] va tg
/




Thiét ké gidi thuat (it)

for (i=1;1<=n-1; i++)
for(j = 1+1; ] <=n; j++) {
It (xb] < x[i])
{
Tg =x[I] ;
X[1] = xp];
Xh] =19 ;
}
}




Thiét ké gidi thuat (it)

Vi du 3: Tim tat ca cac so tu nhién cé hai chlr
sO, khi ddo trat tu cua hai s6 do sé tao duoc
moOt s6 nguyén t6 cung nhau véi s6 da cho
" Phan tich gia thiét
* Goi x=ab lasd co6 hai chlr s6 can tim
*a,b=0...9
*a>0
* (ab,ba)=1




Thiét ké gidi thuat (it)

“Vidu 3 (i)

" Tinh chinh 1
e x =10...99
* X’ = 10*donvi(x)+chuc(x)
* (x,x')=1 0 USCLN(x,x)=1

" Tinh chinh 2
e X chay tr 10 dén 99
* y=10*donvi(x)+chuc(x)
* néu USCLN(x,y)=1 thi Xuat(x)




Phan tich Giai thuat (tt)

<*Khi mét giai thuat duoc xay dung, hang loat yéu
cau datra

" Yéu cau veé tinh ding dan cua giai thuat
" Tinh don gian cua giai thuat.

" Yéu cau vé khéng gian :

" Yéu cau Ve thoi gian :




Phan tich Gidi thuat (tt)

Gidi quyét bai toan

" Phai dirng trwoc viéc lwa chon giai thuat nao ?

" Dua trén co s& nao dé lwa chon ?

C6 hai muc tiéu trai nguoc

" Thuat toan dé hiéu, cai dat va g& 16i (1).

" Thuat toan str dung hiéu qua tai nguyén may
tinh, dac biét chay cang nhanh cang tot (2).




Phan tich Giai thuat (tt)

Do phuec tap khéng gian (Space
complexity)

" Dung lwvong bo nhd ma thuat toan doi hoi
Do phuc tap thoi gian (Time complexity)

" Thoi gian thwc hién thuat toan




Phan tich

thoi gian thuc hién gidi thuat

Thoi gian thuc hién giai thuat phu thubc

vao cac yéu to sau:

" D{r liéu vao

" T6c dd thwe hién cac phép toan cua may
tinh (phan clrng may tinh)

" Trinh bién dich




Phan tich

thoi gian thuc hién giai thuat

S dung cac cong cu toan hoc dé danh gia
thoi gian chay cua giai thuat:

Goi n la kich thudc cua dir liéu vao, thoi
gian thuc hién cua giai thuat cé thé biéu
dién la m6t nhu ham cua n: ham T(n)




&) Tién trinh phan tich

thoi gian thuc hién gidi thuat

“*Budc 1: Phan tich kich thudc dir liéu vao
“*Budc 2: Phan tich (toan hoc) tim ra gia tri trung
binh, va gia tri xau nhat cho moi dai luong co

ban.




f ‘) Do phuc tap tinh toan

cua giai thuat
“Vidu 4:
= Giai thuat A, do phtrc tap thoi gian T_(n)
= Giai thuat B, do phtre tap thoi gian T,(n)

= Khinlén, T (n) >>T,(n). Cé thé két luan giai
thuat A cham hon giai thuat B.




Ky phap dé danh gia do phurc tap

tinh toan cua giai thuat

Ky hiéu O (big-Oh): ham f(n) va g(n), ta noi:
f(n) = O(g(n)), néu ton tai cac hang s6é dwong c va n,
sao cho f(n) < cg(n) khin>=n_
Ky hiéu nay dung dé chi chan trén cia mot ham
Y nghta: Téc dd tdng cla ham f(n) khdng I6n hon
ham g(n)




rgf; Ky phap dé danh gia dé phtic tap

tinh toan cua giai thuat

“Vidu:

f(n) = 2n+6,
g(n)=nva c=4,n,=3
“f(n)= O(n)




Ky phap dé danh gia dé phuec tap

tinh toan cua giai thuat
Dinh nghia Q:
- f(n) = Q(g(n)), néu tbn tai cac hang sé
duong cva n,sao cho f(n) > cg(n) khi n > n,
-f(n) =Q(g(n))  g(n) = O(i(n))
Dinh nghia

f(n) = (g(n)), néu ton tai cac hang s6 dwong
c,, C,van,saochoc,g(n) f(n) c,.g(n)
v&i moi N> n,




rgf; Ky phap dé danh gia dé phtic tap

tinh toan cua giai thuat

J(n) 0(g(n)) f(n) (gn))

cg(n) f(n)

Wé (n) ﬁ?cg(n)

|

|

|
No No




rgf; Ky phap dé danh gia dé phtic tap

tinh toan cua giai thuat

fn) (gn))

c.g(n)
f(n)
%m

No




rgf; Ky phap dé danh gia dé phtic tap

tinh toan cua giai thuat

“* Ta ndi do phuc tap tinh toan cua giai thuat c6
cap f(n) néu thoa :
" T(n) = O(f(n)), va
" Néu g(n), ma T(n) = O(g(n)) thi f(n) =
O(g(n)).
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|
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Mot s6 qui tac vé ky hiéu O I6n

“*Neéu f,(n)=0(g,(n)) va f,(n)=0(g,(n))
= f,(n)+f,(n)=0(g,(n)+g,(n))=max(O(g,(n),g,(n))
= 1,(n)*1,(n)=0(g,(n)*g,(n))
= log,N=O(N) v&i moi hang so k
<*Néu f(n) la mo6t da thic bac K,
" thi f(n) la O(n"),




¢

Mot s6 qui tac vé ky hiéu O I6n

00f=O(
00f=o

7
0‘0
—
I
Q -
S N

4

va g = O(h) thi f = O(h)

) va h=0(r) thi th = O(gr)
< f =0(g) va h=0(r) thi f+h = O(g+r)
< f=0(g) thi af = O(g) vGi moi a>0.
< O(c)=0(1) , c la hang s6

®

L ) 2

Q

o0

L )X R X 2
S— N
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Mot s6 qui tac vé ky hiéu O I6n

“Vidu:
= 2nla O(n)
"3n 5la0O() thayvi3n 5laO@(n)
"4n’+ 5n + 7 la O(?)




Xac dinh do phuc tap tinh toan

T1(n) va T2(n) la thoi gian thuc hién cua hai giai
doan chuong trinh P1 va P2 ma T1(n) = O(f(n));
T2(n) = O(g(n))
Qui tac téng:

" Thoi gian thwe hién doan P1 r6i P2 tiép theo sé la T1(n) +
T2(n) = O(max(f(n),g(n))).

Qui tac nhan:

* Thoi gian thwe hién P1 va P2 16ng nhau sé la : T1(n)T2(n)
= O(f(n)*g(n))




Cac qui tac tong quat

“*Céac phép gan, doc, viét, goto la cac phép toan
SO cap:
" Thoi gian thwe hién la: O(1)
“*Lénh lua chon: if-else c6 dang
if (<diéu kién>)
|Enh 1
else
|Enh 2




Cac qui tac téng quat

Cau |énh switch dugc danh gia tuong tu nhu
|énh if-else.

Cac Iénh lap: for, while, do-while

" Can danh gia s6 toi da cac lan lap, gia str do
la L(n)

= Tiép theo danh gia thoi gian chay ctia moi lan
lap la T,(n), (i=1,2,..., L(n))

= MOi lan 1ap, chi phi kié’mLt(rfil diéu kién lap,la
To(N). T, n T n

" Chi phi lénh lap Ia: i1




MOt sO vi du

“Vidu 1. Mang A cac so6 thuc, cd n, can tim xem
mang co6 chlra s6 thuc x khong.

(1) i=0;

(2) while (i <n && x != AJi])

(3)  I++;




Mot so vi du

Case1l: for (i=0; i<n; i++)
for (j=0; j<n; j++)
K++;

Case 2: for (i=0; i<n; i++)
K++;
for (i=0; i<n; i++)
for (j=0; j<n; j++)
K++;
Case 3: for (int i=0; i<n-1; i++)
for (int j=0; j<i; j++)
int kK+=1;

O(n?)

O(n?)

O(n?)




Mot so vi du

int MaxSubSum1(const int a[], int n) {
int maxSum=0;

for (int i=0; i<n; i++)
for (int j=i; j<n; j++) {

int thisSum=0; O (n 3)

for (int k=i; k<=j; k++)
thisSum+=alk];

if (thisSum>maxSum)
maxSum=thisSum;

}

return maxSum;




int MaxSubSum2(const int a[], int n) {
int maxSum=0;

for (int i=0; i<n; i++) {
thisSum=0;
for (int j=i; j<n; j++) {

thisSum-+=alj]; O (n 2)

if (thisSum>maxSum)
maxSum=thisSum;

}
}

return maxSum;




Mot so vi du

int MaxSubSum4(const int a[], int n) {
int maxSum=0, thisSum=0;

for (int j=0; j<n; j++) {
thisSum-+=al[j];

if (thisSum>maxSum)

maxSum=thisSum: O (n)

else if (thisSum<0)
thisSum=0;

}

return maxSum;




MOt sO vi du

Sum=0

for (j=0;J<N;j++)
for (k=0:k<N*N;k++)
Sum++;

O(N3)




Mot so vi du

Vi du: sap xép day
void BubbleSort(int a[], int n)
{ inti,)temp;
(1)for(i= 0; i<=n-2; i++)
(2) for(j=n-1; j>=i+1;j--)
(3) if(af] <al-1]){
(4)  temp=a[j-1];
(5) afj-1] = aljf;
(6) aj] =temp;

}
}




Lénh (3), (4), (5) va (6) déu tén O(1)

Vong 1ap (2) thuc hién (n-i) 1an, moi 1an O(1) do d6 vong
3D (2) t6n O((n-i)*1) = O(n-i).

Vong lap {1},i chay tU 1 dén n-1, thoi gian thuc hién cla
vong lap (1)

Do phuc tap cua giai thuat 1a

T(n) nl(n i) W‘z—lz O(n?)

i




PHAN TICH CAC HAM DE QUY

“*Vi du: Ham tinh giai thua
int  Fact(int n)
{
If (n <=1)
return 1;
else return n* Fact(n-1);
}
“Voin<=1,tacé T(1) = O(1).
“Vdin>1,tacé T(n) =0(1) + T(n-1)




PHAN TICH CAC HAM DE QUY

“*Ta c6 quan hé dé quy sau:
" T(1) = O(1)
= T(n) = T(n-1) + O(1) véin>1
“*Thay céc ky hiéu O(1) bdi cac hang s6 duong a
va b tuong Ung, ta c6
"T(1l)=a
"T(n)=T(n-1) +b voin>1




PHAN TICH CAC HAM DE QUY

“ S dung cac phép thé T(n-1) = T(n-2) + b, T(n-
2) =T(n-3) +b,..., tacod
T(n) =T(n-1) + b
= T(n-2) + 2b
=T(n-3) + 3b

;.T(l) + (n-1)b
=a+(n-1)b
Tw do, ta suy ra T(n) = O(n).




PHAN TICH CAC HAM DE QUY

Goi T(n) la thoi gian chay cua ham dé quy F
Khi dé, thoi gian chay cua céc 10i goi ham ¢ trong
ham F sé [a T(m) (vGim < n)

Trudc hét, phai danh gia thdi gian chay cia ham F
trén du I|eu nhé nhat n = 1, gid s T(1) = a (diéu
kién dung)

Sau do, danh gia thai gian chay cua cac ciu lénh
trong than clia ham F

Tim ra quan he dé quy bi€u dién thoi gian chay cua
ham F théng qua [0i goi ham




= O(1) d6 phic tap hang so
¥ O(logn) do phuec tap logarit

= O(n) do phuc tap tuyén tinh
¥ O(nlogn) do phuc tap nlogn

" O(nv) do phuc tap da thic

= O(b") do phuc tap ma

= O(n!) do phuec tap giai thua




T{n)1

3000

2000

1000




.. ‘). Panh gia do phuc tap trong ba

truong hop

Do phuc tap tinh toan cua gidi thuat trong cac
truong hop
e Xau nhat
e Tot nhat
* Trung binh




.. ‘). Panh gia do phuc tap trong ba

truong hop

“*Vidu 8: Thuat toan tim kiém tuan tu

int sequenceSearch(int x, int a[], int n){
for (int i=0;i<n;i++){
If (x==a[i]) return i;
}

return -1;

}




banh gia do phurc tap trong ba

truong hop

= Tét nhat: phan t&¢ dau tién la phan t&r can tim, sb
lwong phep so sanh la 20 T(n) ~ O(2) = O(1)

= Xau nhat: so sanh dén phan tr cubi cung, s6 luvong
phép so sanh la 2n 0 T(n) ~ O(n)

" Trung binh: so sanh dén phan t&r th& i, can 2i phép so
sanh, vay trung binh can

(2+4+6+...+2n)/n=2(1+2+...+n)/n=n+1

0 T(n) ~ O(n)




S(N) 1 2 ... N i NI N)/2

i1

2 - N 3
Téng cac BP: i’ —— 16 — N?forlargeN
i1
Logarithms:

=x2=hb log,b=a




Kién thic Toan hoc bo tro

vé Téng cac chuoi

Nk 1
mfor large Nandk -1
i1

Voo AN

A' I

i 0 Al

" Pac biétkhiA=2
e 20+ 21+ 22+ |+ 2N=2N1_1]
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