Bai 1
Thuat toan va cau truc dir liéu

Design by Minh An Email: anvanminh.haui@gmail.com

1.1. Thuat toan va vai tro cua thuat toan

< Bai toan: Tim day con l&n nhat
= Cho day s6s = (a;, a,, ..., a,)

= M6t day con las(i,]) = (aj, g - &)

= Tong w(s(i, j)) = X_; ax

= Yéu cau: Tim day con c6 tong I&n nhat
% Vi du:

= s=(-2,11, -4, 13, -5, 2)

= D&y con I&n nhat las(2, 4) = (11, -4, 13)

= CO tong w(s(2, 4)) = 20
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Direct algorithm

< Duyét tat ca cac day con c6 thé cé
< Pwa ra day con c6 téng I&n nhat

long algol (long a[], int n) {
long max = a[0];
for (int i = 0; 1 < n; i ++){
for (int j = 1i; j < n; J ++){
long s = 0;
for (int k = i; k <= j; k ++)
s = s + al[k];
max = max < s ? s : max ;

}

return max ;

}
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Direct algorithm (Faster)

< Lwu y: Z’,;zia[k] = a[jl + Z{:,- alk]

long algo2 (long a[], int n) {
long max = a [0];
for (int i = 0; i < n; i ++){
long s = 0;
for (int j = i; j < n; J ++){
s =s + a[j];
max = max < s ? s : max ;

}

return max ;
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Recursive algorithm

% Chiaday s thanh 2 day con s1vas2

< Day con I&n nhat c6 thé la day s1 hodc day s2.

long maxSeq (int i, int j) {
if (i == j) return a[i];
int m = (i+3)/2;
long ml = maxSeq (i,m);
long mr = maxSeq (m+l,3j);
long maxL = maxLeft (i,m);
long maxR maxRight (m+1,3);
long maxLR = maxL + maxR ;
long max = ml > mr ? ml : mr;
max = max > maxLR ? max : maxLR ;
return max ;

}
long algo3 (int a[], int n){
return maxSeq (0,n -1);
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Recursive algorithm

long maxLeft (int i, int j) {
long maxL = a[j];
int s = 0;
for (int k = j; k >= 1i; k --){
s += alk];
maxL = maxL > s ? maxL : s;

}

return maxL ;

}
long maxRight (int i, int j) {
long maxR = a[i];

long s = 0;
for (int k = i; k <= j; k ++){
s += alk];

maxR = maxR > s ? maxR : s;

}

return maxR ;

Design by Minh An




Dynamic programming — Quy hoach dong

< Nguyén tac

» Chia bai toan thanh cac bai toan con, cung dang.

= Str dung I&i giai cua cac bai toan con dé tim l&i giai
cho bai toan ban dau.

» Tinh trwéc I&i giai caa cac bai toan con va lwu vao
bdé nh& (thwong [A mot mang).

= LAy I&i giai cia cac bai toan con (& trong mang da
tinh trwérc) dé giai bai toan ban dau.
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Dynamic programming

< Bai toan day con I&n nhat
= Chia:
+ s, laténg cua day con I&n nhat gom (a,, a,, ..., &).
= Tong hop két qua:
e s, =a
* s;=max{s;; +a,a}, Vi=2,3,..,n
+ Két qua cta bai toan ban dau la max{s,, s,, ..., S}

= S6 phép toan co ban la n (best algorithm).
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Dynamic programming

long algo4 (long a[], int n) {
long max = a[0], s[n];
s[0] = a[0];
max = s[0];
for (int i = 1; i < n; i ++){
if(s[i-1] > 0)
s[i] = s[i-1] + a[i];
else
s[i] = a[il;
max = max > s[i] ? max : s[i];

}

return max ;
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1.2. Phan tich va danh gia thuat toan

0’0
w

algol: T(n) = %+— +3
2

0’0

algo2: T(n) = n? +g
+ algo3:
* Pém sb phép toan coéng
0 ifn=1
T(n) = T(f) +T(f) +n ifn>1
2 2
= Vay T(n) = nlog,n

‘0

algo4: T(n) =n

-,
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Phan tich va danh gia thuat toan

< Th&i gian trong trweng hop xau nhat: thei gian
chay nhiéu nhat déi véi moi bd dir liéu vao kich
thwéce n.

< Thi gian trong trwéng hop tét nhat: thei gian chay
it nhat déi v&i moi bé div liéu vao kich thwéce n.

% Th&i gian trung binh: thei gian chay trung binh cua
moi bo dir liéu vao.
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Order of growth - Téc dd tang

< Chi quan tam t&i cap ctua ham T(n)
< Bé qua cac hé sé
“ Vidu:

T(n)=an®+bn2+cn +d=06(n%

O©-Doclad lén
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Asymptotic notations - Cac ky hiéu tiém can

% Cho ham g(n), ta cé:
= O(g(n) = {f(n) : 3¢y, ¢, N | 05 ¢49(n) S (n) < €,0(n), VN 2 ng}
= 0(g(n)) ={f(n) : 3c, ny | f(n) S cg(n), ¥n 2 ne}
= Q(g(n)) ={f(n) : 3c, no | cg(n) Sf(n), ¥n 2 ng}
“ Vidu:
= 10n2-3n =0(n?
= 10n2-3n =0 (nd
= 10n2-3n=Q(n)
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Phan tich va danh gia thuat toan

% Thr nghiém danh gia thuat toan

= Viét chwong trinh biéu dién thuat toan.

= Chay chwong trinh trén may vé&i cac bo dir liéu vao
kich thwée khac nhau.

= Po thi gian thwe hién thwc té.

= Ghi nhan céac két qua.

= Pé so sanh hai thuat toan can sr dung cung moi
trwwéong phan cirng va phan mem.
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Phan tich va danh gia thuat toan

% DPanh gia tiém can
= M0 ta thuat toan bang ma gia (psuedo code).
* Tinh toan th&i gian chay thuat to4dn bang mét ham
cua kich thwéc div liéu vao.
* Biéu dién ham tinh toan vé&i ky hiéu tiém can.
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Phan tich va danh gia thuat toan

< Cau trac tuan tw: P va Q 1a 2 doan ma Iénh c6 cau trac
tuan tw trong thuat toan.
= Time (P; Q) = Time(P) + Time(Q) hoac
= Time(P; Q) = ©(max(Time(P), Time(Q)))
< Cautrac 13p for: fori =1to m do P(i)
= t(i) la do phirc tap veé th&i gian cua P(i)
= Do phirc tap vé th&i gian cta clu tric 1ap for 1a X7, t(i)
% Cau truc lap while (repeat)
= Xac dinh mot ham cda cac bién trong cau tric lap ma gia
tri cua ham nay giam trong qua trinh thwc hién Iap.
= Pé danh gia thoi gian chay, ta phan tich do giam gia tri
cua ham trong qué trinh thwe hién vong lap.
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Phan tich va danh gia thuat toan

% Vidu: binary search

Function BinarySearch(T[1l..n], x)
begin
i« 1; j « n;
while i < j do
k « (1 + 3)/2;
case
x < T[k]: j « k - 1;
x = T[k]: 1 <« k; jJ « k;
exit;
x > T[k]: i « k + 1;
endcase
endwhile
end
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Binary search

% Vidu: binary search
% Chirng minh:
» d=j—i+1(sé phan tir cia mang dwoc kiém tra)
= i* j* d* twong trng |a gia tri cda i, j, d khi két thuc ldp
% Ta co:
 Ifx <T[k] theni*=i,j*=(+j)/2-1,d*=j*-i* +1<d/2
= [fx>T[k]thenj*=j,i =(+j)/2+1,d*=j*-i*x +1<d/2
= If x =T[k] thend*=1

< Do dé, s6 lan lap cua vong lap la [logn|
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Master theorem — Dinh ly thg

% T(n) = aT(n/b) + cnk with a2 1, b > 1, ¢ > 0 & cac hang
s6.
= If a>bkthen T(n) = ©(n'°9,3)
= |If a =Dbkthen T(n) = ®(nklogn) with logn =log,n
= If a<bkthen T(n) = O(nk)
% Vidu:
= T(n)=3T(n/4) + cn? =T(n) = O(n?)
= T(n)=2T(n/2) + n%> = T(n) = O(n)
= T(n)=16T(n/4) + n = T(n) = ©(n?)
= T(n)=T@Bn/7)+1=T(n)=0(ogn)
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1.3. Banh gia mot sb thuat toan sap xép

< Bién do6i vi tri cha cac déi twong trong mét danh sach
theo mét thiv tw nhét dinh.

< Viéc thiét ké cac thuat toan sap xép hiéu qua rat quan
trong déi vé&i cac thuat toan khac (tim kiém, trén div liéu
V.V...).

< M6i d6i twong c6 mét khda, danh sach cac déi twong
dworc sap xép theo trat tw cta khoa.

< Hai phép toan co ban dwoc sir dung trong hau hét cac
thuat toan sap xép la:

= Swap(a,b): dao vi tri ctia hai déi twong a, b.

= Compare(a,b): so sanh khoa cta hai déi twong a, b.
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DPanh gia mét s6 thuat toan sap xép

< M6t thuat toan sap xép dwoc goi |a sap tai ché néu do
phirc tap bd nhé phu 14 o(1) — 6 phirc tap hang sé
(khéng phu thudc vao kich thwée caa div liéu dau vao).

< M6t thuat toan sap xép dwoc goi la 6n dinh néu né duy
tri trat tw twong déi cia cac déi twong theo khoa.

< M6t thuat toan sap xép chi stv dung phép toan so sanh
dé xéac dinh th tw cua hai déi twong goi |a sap xép déi
cho.
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Insertion Sort

< O lan lap thir k (Vk = 1, 2, ..., n-1), chén phan tr thir k+1
cuia day ban dau vao vi tri thich hop cta k phan tir dau
tién da dwoc sap xép.

< Két qua: Sau lan lap thir k, day c6 k+1 phan ttr dau tién
dworc sap xép.
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Insertion sort

void insertion_sort (int a[], int n)({
int k;
for (k = 1; k < n; k ++){
int last = a[k];
int j = k;
while (j > 0 && a[j-1] > last){
alj]l = a[j -1];

a[j] = last ;
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Selection Sort

< O lan 18p tht k, chon phan t& c6 gia tri nhé nhéat trong sb
cac phan t&r a[k], alk+1], ..., a[n], gid st la a[min], dao gia tri
alk] va a[min] (vk =1, 2, ..., n-1)

void selection_sort (int a[], int n){
for (int k = 1; k < n; k ++){
int min = k;
for(int i = k+1; i <= n; i++)
if (a[min] > a[i])
min = i;

swap (a[k] ,a[min]) ;
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Bubble Sort

< Duyét tlr diu day, so sanh va dao gia tri ctia hai phan to lién
tiép nhau néu chang trai the tw.

% Lap lai cho dén khi khéng con cdp nao can dao gia tri.

void bubble_sort (int a[], int n){
bool swapped;
do {
swapped = false;
for (int i = 1; i < n; i++)
if(a[i] > a[i+1]){
swap(a[i] ,a[i+1]);
swapped = true;
}
}while (swapped == true);
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Merge Sort

void merge pass (a[], n, k, b[]){
//1. Khéi tao cac gia trji ban diu
cv = n/(2*k); //S6 cip vét
s = 2*k*cv; //S6 pt cé cdp dé dai K
r=n-s; //86 pt 1lé cidp
//2. Trén tung cdp vét
for (j=1; j<=cv; j++){
bl = (2*j -2)*k; //bién trai cua vét thir nhit
merge (a, bl, k, bl+k, k, b);

}
//3. Chi con mét vét
if (r<=k)
for (j=0; j<r; j++)
b[s+j] = al[s+j];
//4. Con hai vét nhung mét vét cé dé dai nhé hon k
else
merge(a, s,k, s+k, r-k, b);
}
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Merge Sort

void merge sort(al[]l, n)
{
//1. Khéi tao sé phdn tir trong mét vét
k =1;
//2. Sdp xép trén
while (k<n)
{ > ~
//Trén va chuyén cdc phan tir vdao diy b
merge pass(a, n, k, b);
//Trén va chuyén cdc phdn tw tré lai diy a
merge pass(b, n, 2*K, a);
k = k*4;
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% Chon mot phan ti goi la chét.
% Sap xép day sao cho:
= Céc phan t&r nhd hon chét & truéc chét.
= CAc phan t& I6n hon chét & bén sau chét.
< Goi dé quy v&i cac phan tlr & trwdc chbt va cac phan tr &
sau chét.
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void quick sort(int a[],int left,int right)
{
if (left<right) ({
int k=(left+right)/2;
int t=al[k];
int i=left, j=right;
do{

while (a[il<t) i=i+l;
while (a[jl>t) j=j-1;
if (i<=3){
int tg=al[i]; al[il=aljl; aljl=tg;
i=i+l; j=j-1;
}
}while (i<=j);
quick sort(a,left,]);
quick sort(a,i,right);
}
}
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Heap Sort

% Khai niém heap

a[l] | a[2] | a[3] | a[4] | a5] | a[6]
51 | 48 | 18 | 22 | 17 5
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Heap Sort

void heapify ( int a[], int i, int n){
int L = 2*%i+1;
int R = 2*%i+2;

int max = i;

if (L <= n-1 && a[L] > a[i])
max = L;

if (R <= n-1 && a[R] > a[max])
max = R;

if (max '= i) {

swap (a[i],a[max]);

heapify (a, max ,n);
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Heap Sort

void buildHeap (int a[], int n){
for (int i = n/2-1; i >= 0; i --){

heapify (a,i,n);

void heap_Sort (int a[], int n){
buildHeap (a,n);
for (int i = n; i > 1; i --){
swap (a[0],a[i-1]);
heapify (a,0,i -1);
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< Thiét ké giai thuat sdp xép cac phan t&r sd nguyén cia mot
ngan xép theo chiéu tang dan tw dinh xubng day.

< Khi tao di¥ liéu, &p dung giai thuat sap xép, biéu dién két
qua.
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