VW WLIEIN YT A ¥ VIO v ey

Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Chwong 1

PO PHUC TAP
CUA THUAT TOAN



b6 phirc tap cua thuat toan

U'dc lwong do phire tap cua thuat toan



PO PHUC TAP CUA THUAT TOAN



Thot gian thwe hién thuat toan

Phan tich thuat toan: Phan tich thuat toan la
xac dinh lwong tai nguyén can thiét dé thwe
thi thuat toan:

Thoi gian thwe hién thuat toan

BO nh& can thwe hién thuat toan

Tiéu chi thwdng dwoc dung dé danh gia thuat
toan la thoi gian thwe hién thuat toan.



Thot gian thwe hién thuat toan

Muc tiéu cua phan tich thuat toan

So sanh dé chon ra thuat toan nao chay
nhanh nhat

Tim nhirng yéu dlem cua thuat toan dé Cai
tién thuat toan tot hon

2 cach “do" t
Thoi gian t
Thoi gian t
toan)

nOi gian thwe hién cua thuat toan
e hién thuce té

hwe hién ly thuyét (Phan tich thuat



Thot gian thwe hién thuat toan

Thoi gian thwe hién thwe té: Dwa trén thuc té
khi chay cac thuat toan dwoc tinh bang (mili
second, second, minute, hour, day)

Két ludn: Thuat toan nao nhanh,
thuat toan nao cham




Thot gian thwe hién thuat toan

Théi gian thwe hién thwe té phu thudc vao
nhiéu yéu to:
D liéu vao:
Kich thwoe div lieu
Pac diém cua di lieu
Toc dé clia may tinh
Ngon ngl lap trinh
Chuwong trinh dich cho ngdn nglr 1ap trinh
Hé diéu hanh dé thwc hién chwong trinh



Thot gian thwe hién thuat toan

Théi gian thwe hién thwe té: Dwa trén thuc té
khi chay cac thuat toan dwoc viét trén:
Cung ngbn ngl lap trinh, cung trinh bién dich
Cung hé thdng may tinh
Cung bd di¥ liéu vao chuan

Két luan: Thuat toan nao nhanh,
thuat toan nao cham




Thot gian thwe hién thuat toan

Théi gian thwe hién ly thuyét: Dwa vao

SO phép toan co ban trong thuat toan sé duwoc
thwe hién bao nhiéu lan

Kich thwée dir lieu vao

Két luan
> + Thuat toan nao nhanh, thuat toan nao cham
+ Tim ra nhirng noi can cai tién thuat toan




Thot gian thwe hién thuat toan

Phép toan co ban: Mét phép toan dwoc goi la co ban
néu thdi gian thwe hién cda no bi chan trén b&i mét
hang s (chi phu thudc cach cai dat dwoc st dung —
ngobn ngr l1ap trinh, may tinh, ...).

Vi du:
+, - %/
Cac phép so sanh: >, <, >=, <=, ==, I=
Phép gan: =, +=, ...
Doc file, ghi file

cout, cin, printf, scanf



Thot gian thwe hién thuat toan

Dinh nghta [Thoi gian thwe hién thuat toan]:

Goi T(n) 1a s6 phép toan co ban khi thwc hién thuat toan voi
Kich thwoe dir lieu vao n. T(n) dwoc goi la thoi gian thwe
hién thuat toan.

Chu y: Thuat toan c6 nhiéu loai phép toan co ban nén
ching ta cé thé thuc hién danh theo mét trong hay céach:
Danh gia thoi gian chay trén trng loai phép toan
Tong hop cac phép toan va gan trong so cho tirng phép toan
Xem cac phép toan la nhw nhau



Thot gian thwe hién thuat toan

Vi du: Tim thoi gian thwe hién cua thuat toan

// Thuidt toan tinh téng S=a[0]+a[l]+.+a[n-1]
{1} s = 0;

{2} for (i=0; i<n; i++)

{3} s =s + al[i];




Thot gian thwe hién thuat toan

Vi du: Tim thoi gian thwe hién cua thuat toan

// Thuat toan tim max
{1} max = a[0];

{2} for (i=1l; i<n; i++)
{3} if (max < a[i])
{4} max=al[i];

Nhan xét: S6 lan thuc hién clia Cau lénh {4)
phu thudc vao biéu thirc diéu kién trong cau
lénh {3} hay b0 di liéu input

P =



Thot gian thwe hién thuat toan

3 trweong hop danh gia thoi gian thwe hién thuat toan
Trwdng hop xau nhat (worst case): T(n) 1a thoi gian
I&n nhat khi thwe hién thuat toan véi moi bo div liéu
Kich thwéc n
Trwdng hop tot nhat (best case): T(n) 1a thoi gian it
nhat khi thwe hién thuat toan véi moi bd dir liéu kich
thwdce n
Trwong hop trung binh (average case): D lieéu tuan
theo 1 phan bd xac suat nao dé. Gia st P(input) 1a xac
suat di¥ liéu input xuat hién, khi dé thoi gian trung binh
cla thuat toan la

7o) I v
input



Thot gian thwe hién thuat toan

Vi du: Tim thoi gian thwe hién cua thuat toan
trong treong hgp xau nhat

// Thuat toan tim max
{1} max = a[0];

{2} for (i=1l; i<n; i++)
{3} if (max < a[i])
{4} max=al[i];




P06 phire tap thuat toan

Nhan xeét:

Viéc danh gia thoi gian thwe hién thuat toan
qua ham T(n) nhw trén 1a qué chi tiét. Cho nén
viéc dung T(n) dé so sanh tinh hiéu qua gitra
cac thuat toan sé gap kho khan.

Pé giai quyét khod khan nay Bachmann va
Landau gi¢i thiéu khai niém ham O (doc la 6
l&n) dé xac dinh dé I&n caa ham T(n)



P06 phire tap thuat toan

Pinh nghta [D0 phtre tap thuat toan]:

b6 I&n cua thoi gian thuat toan T(n) dwoc goi
la do phure tap thuat toan

Gia st f(n) la ham xac dinh dwong trén moi n.
Khi dé ta néi d6 phitre tap cua thuat toan cé
thoi gian thwe hién T(n) la
Ham O (doc la 6 I&n): O(f(n)) néu ton tai cac
hang sb ¢ va n, sao cho v&i moi n2n, ta co
T(n)<c.f(n), ham f(n) dwoc goi la gidi han trén
cua ham T(n)

T(n) I



P06 phire tap thuat toan

Vi du: Néu T(n)=n3+3n2+n+1 thi T(n)=0(n3)
That vay, v&i moi n21 ta co:
T(n) = n3+3n2+n+1 < n3+3n3+n3+n3=6n3
Vay ta chon ny,=1, ¢=6 va f(n)=n3, ta c6: T(n)<c.f(n)
Tom lai: T(n)=0(n3)

Nhan xeét:
Cé nhiéu ham f(n) 1am chéan trén cda T(n)
Thong thu’p’ng nguwdi ta chon f(n) nhd nhat va don gian
nhat co thé



Mot s6 dang ham ki hiéu dé phirc tap thuat toan

M6t s ham f(n) thwérng dung dé ki hiéu dd
phire tap thuat toan

log(n)

n

n.log(n)

nl25 n2 n3 n4,

2n

n!



Cac quy tac cta dé phre tap

Quy tac Hang so: Néu thuat toan T c6 do
phirc tap 1a T(n)=0(c,.f(n)) v&i ¢, 1a mét hang
s6 dwong thi co thé coi thuat toan T c6 dd
phurc tap la O(f(n))

Ching minh:



Cac quy tac cta dé phre tap

Quy tac Cong: Néu thuat toan T gdom 2 phan

lién
P
P
T

tiep T, va T, va
han T, co dd phire tap 1a T,(n)=0(f(n))
han T, co dd phirc tap 1a T,(n)=0(g(n))

N1 d6 phire tap thuat toan la:
T(n)=T,(N)+T,(n) = O(f(n)+g(n))

Ching minh:



Cac quy tac cta dé phre tap

Quy tac Max: Néu thuat toan T cé dé phirc
tap 1a T(n)=0O(f(n)+g(n)) thi co thé coi thuat
toan T c6 do phwce tap la

T(n)=0O(max(f(n), g(n)))

Ching minh:



Cac quy tac cta dé phre tap

Quy tac Nhan: Néu thuat toan T ¢ dd phirc
tap tinh toan Ia T(n)=0(f(n)). Khi d6 néu thwc
hién k(n) 1an thuat todn T v&i k(n)=0(g(n)) thi
do phtre tap tinh toan la

O(f(n).g(n))
Ching minh:



Mot s6 dang ham ki hiéu dé phirc tap thuat toan

Tuy theo dang ham f(n), ta co cac ki phap sau:
Néu thuat toan co thei gian thwe hién khéng phu
thuéc vao kich thwoc dfjj lieu t’h‘l ta noi thuaf,nt toan
cO do phwre tap la mot hang s6 va dworc viét la
O(1)

Néu thuat toan c6 thoi gian thie hién 1a log,f(n)
thi dé phirc tap cua thuat toan dé dwoc viét la
O(log f(n))

Néu thuat toan co théi gian thwe hién 1a da thc
bac k: P,(n) thi dé phirc tap cua thuat toan do
duwoc viét la O(nX)



Mot s6 dang ham ki hiéu dé phirc tap thuat toan

Ki hiéu O-l&n Tén thwong goi
O(1) Hang
O(log(n)) Logarit
o(n) Tuyén tinh

O(n.log(n)) n.log(n)
O(n?), O(n3), ... |Binh phwong, lap phwong, ... Pa thirc

O(2n), O(a") M
O(n!) Giai thtra




PO'C LWONG bO PHUC TAP CUA
THUAT TOAN



Phan loai cau [énh trong m6t ngbn nglr 1ap trinh

Cau Iénh don thwc hién mot thao tac
Léph gan don gian (khéng chtra 1&i goi ham trong
biéu thire)
Poc/ghi don gian
Cau lénh chuyén diéu khién don gian (break, goto,
continue, return)

Cau
Cau
Cau

e
e
e

N
N
n

n hop thanh: day cac cau Iénh trong 1 khoi
N ré nhanh: if, switch...case

n lap: for, while, do...while



Panh gia dé phuc tap cua tirng cau Iénh

b6 phirc tap cua Iénh don:

Khéng phu thudc kich thwdc dir lieéu nén sé la O(1)
b6 phire tap cua Iénh hop thanh:

Tinh theo quy tac Cdng va quy tac Max

Po phtrc tap cla lénh ré nhanh day du:

Tinh theo quy tac Max. Néu th&i gian thwe hién 2
thanh phan 1a f(n), g(n) thi dé phire tap

O(max(f(n), g(n)))

Po6 phirc tap cua Iénh lap:

Tinh theo quy tac nhan



Mot sO vi du

Vi du [for]: Tim d& phtrc tap cua thuat toan

// Thudt toan tinh téng S=a[0]+a[l]+.+a[n-1]
{1} cout << “n: ”;

{2} cin >> n;

{3} for (i=0; i<n; i++)

{4} cin >> al[i];

{5} s = 0;

{6} for (i=0; i<n; i++)

{7} s = s + a[i];




Mot sO vi du

Vi du [for I6ng nhau]: Tim dé phrc tap cua
thuat toan

{1} s1 = 0;
{2} for (i=0; i<n; i++)
{3} sl=sl+al[i];

{4} s2 = 0;
{5} for (i=0; i<n; i++)

{6} for (j=0; j<n; j++)
{7} s2 = s2 + b[i][j];




Mot sO vi du

Vi du [for I6ng nhau]: Tim dé phrc tap cua
thuat toan

{1} s = 0;
{2} for (i=0; i<n; i++)

{3} for (3=0; j<i; J++)
{4) s =s + b[i][j];




Mot sO vi du

Vidu [if]: Tim dé ph’l'J’C tap cua thuat toan
trong treong hgp xau nhat

// Thuat toan tim max
{1} max = a[0];

{2} for (i=1l; i<n; i++)
{3} if (max < a[i])
{4} max=al[i];




Mot sO vi du

Vi du [if + return]: Tim d6 phtrc tap cua thuat
toan trong trweong hop xau nhat

// Thuat toan tim kiém
{1} vitri = -1;
{2} for (i=0; i<n; i++)
{3} if (x == a[i])

{
{4} vitri = 1i;
{5} return vitri;

}

{6} return wvitri;




Mot sO vi du

Vidu: Tim d6 phue tap thuat toan Tinh téng ma tran
i=0;

s=0;

while (i<=n)
{

J=1;
while (j<=n)

s =s + a[i] [3];




Mot sO vi du

smax=a[0];
i=0;
\/idLﬂ Yhile (i<=n)
J=1;
while (j<=n)
{
k=i,
s=0;
while (k<=j)
{
s = s + al[k];
k++;
}
if (s > smax)
S = smax;




Tom tat chwong 3




Chwong 2

ON TAP KY THUAT XU’ LY
FILE - MANG - XAU KY TUY



Ky thuat xw ly file van ban
Ky thuat x&r ly mang
Ky thuat x&r ly xau ky tw




Ky thuat x&r ly file van ban

Thw vién

using System.IO;

using System.Diagnostics;

Lop

StreamReader

StreamWriter




Ky thuat x&r ly file van ban

Ghi di liéu Text ra file
Tao doi twong stream-writer va mo file

StreamWriter sw = new StreamWriter ("file");

Ghi dir liéu ra file

sw.Write (value) ;

Sw.WritelLine (value) ;

Pong file

sw.Close() ;




Ky thuat x&r ly file van ban

Poc dir liéu Text tw file
Tao doi twong stream-reader va mé file

StreamReader sr = new StreamReader ("file");

Poc di¥ lieu trong file

string s = sr.ReadLine() ;

string s = sr.ReadToEnd() ;

Pong file

sr.Close() ;




Ky thuat x&r ly file van ban

Vi du:



Ky thuat x&r ly mang

Khai bao mang

int[] a = new int[n];

int[,] a = new int[n,m];

Str dung mang




Ky thuat x&r ly mang

Mot s6 thuat toan co ban

Thuat toan Sap xép (Sort)
Sap xép chon (Selection Sort)
Sap xép nhanh (Quicksort)
Sap xép phan bo (Distribution sort)
Sap xép theo chi muc

Thuat toan Tim kiém (Search)
Tim kiém tuyén tinh
Tim kiém nhij phan



Ky thuat x&r ly mang

Mot s6 dinh hwdng dé thiét ké thuat toan hiéu
qua dwa trén kich thuwéc bd dir liéu
Goi N la kich thwdc cua bbd dir liéu
N<200, dung toi da 4 for
N < 1.000, dung toi da 3 for
N < 40.000, dung toi da 2 for
Nguwore lai, dung toi da 1 for




Ky thuat xw ly xau ky tw

Khai bdo xau

string s;

Mot s6 thude tinh/phwong thire trén xau ky tw
int len = s.Length;

s = s.Insert(startIndex, value);
s = s.Remove (startIndex, count);
s = s.Replace(oldString, newString);

s = string.Format("format string", ..);




Ky thuat xw ly xau ky tw

StringBuilder

StringBuilder sb;

StringBuilder va string

string s;

StringBuilder sb = new StringBuilder(s);

s = sb.ToString() ;




Ky thuat xw ly xau ky tw

Mot s thudc tinh/phwong thirc trén StringBuilder

sb.Insert (index, wvalue);
sb.Remove (startIndex, length);
sb.Replace (0ldString, newString) ;

sb.Append (value) ;




Ky thuat xw ly xau ky tw

Vidu 1: Lap qua mot doan ky tw lién tuc
Vi du 2: Kiém tra ky tw 1a ky tw s6

Vi du 3: Kiém tra chir HOA



Tom tat chwong 2




Chwong 3
LAP TRINH BDE QUY



Dinh nghia theo cach dé quy

Cai dat Ham dé quy

Hoat déng cua Ham dé quy

Phan loai dé quy

U’ng dung cua dé quy

Uu diém va khuyét diém cua dé quy
Mét s6 phwong phap khir dé quy
Bai tap ap dung



DPinh nghia theo cach dé quy

DPinh nghia theo cach dé quy: binh nghia
theo cach dé quy cua mét khai niém la dinh
nghta khai niém m¢&i do thong qua chinh khai
niém dang mudn dinh nghia.

Vi du: Binh nghia tap sb tw nhién N
ol
Néu n [l thi n+1 [



DPinh nghia theo cach dé quy

Muc dich cua dé quy:
Tao ra cac phan tir moi

Kiém tra mot phan t& cé thudc tap da cho hay
khong

Dung dinh nghia theo cach dé quy dé dinh

nghia cac ham hay chudi s6 (Ham dé quy, cdng

thire dé quy)
Vidu 1:

Néu n=0

(n .)I Néu n>0

n!




DPinh nghia theo cach dé quy

Vi du 2:

Néu n=0
(n .) .1 Néu n>0

Vi du 3: Cdng thire tinh sd Fibonacci

£ (n) Néu n=1 hay n=2
(n .) . (n l) Néu n>2

f (n)




DPinh nghia theo cach dé quy

Céc thanh phan cua 1 dinh nghia theo cach dé quy
Thanh phan 1: Thanh phan khong dé quy (trvong hop co
ban, tredng hop co s&, trwdng hop suy bién, diéu kién
duwng)
Chtra nhirng trwdng hop don gidn nhat dé xay dwng nén tap
hop

Thanh phan 2: Thanh phan dé quy (trwdng hop dé quy)
Chira nhitng quy tac, cong thirc dé tao doi twong mai tir
nhirng doi twong trwdc do

Nhan xét: Thanh phan dé quy phai tién vé thanh phan
khong dé quy



DPinh nghia theo cach dé quy

Lam thé ndo dé tim cong thirc dé quy?
Chia bai toan f(n) thanh qéc bai toan con f(1),
f(2), ..., f(n-1) c6 dang gidng bai toan f(n)
Tim moi quan hé gitra bai toan I&n v&i bai
toan con

Van dé kho khan
Bao nhiéu bai toan con?
Chon bai toan con nao?



DPinh nghia theo cach dé quy

Cac budc goi y tim cong thiee dé quy f(n)
B1: Chon mt bai toan con f(k)
(thwdong la f(n-1), f(n-2))
B2: Tim mdi quan hé gitra f(n) v&i f(k)
B3: Néu tim dwoc mdi quan hé thi
Tim trwong hop co s¢
Nhay dén B5

B4 Nguo’c lai quay vé B1 chon bai toan con
khac, néu thay khéng kha quan thi chon mét s
bai toan con

B5: Két thuc



bPinh nghia theo cach dé quy

Tim dinh nghiia d& quy dé tinh tong/tich cua
mang sO nguyén a c6 n phan tr (n<100)



DPinh nghia theo cach dé quy

Tim dinh nghiia d& quy dé kiém tra s6 nguyén
n la s6 chan hay s6 1é (khéng dung phép toan
% va &)



DPinh nghia theo cach dé quy

Tim dinh nghia dé quy dé tinh dd dai cua
chuli s



DPinh nghia theo cach dé quy

Tim dinh nghia dé quy dé kiém tra chudi s cé
chtra ky tw ch khong



DPinh nghia theo cach dé quy

Tim dinh nghiia d& quy dé dao mang so
nguyén a co n phan ttr (n<100)



DPinh nghia theo cach dé quy

Han ché cta dinh nghia Bé quy
Dé tinh f(n), chdng ta phai tinh mét vai hay tat
ca cac phan tw trwde do (1), f(2), ...
Pé kiém tra x cé thudc tap hop dang dinh

nghia hay khéng chung ta ciing phai tinh (1),
f(2), ...

> Tim dinh nghia khéng dé quy twong dwong



DPinh nghia theo cach dé quy

Tim dinh nghia khéng dé quy cua cbng thirc
dé quy sau:
Néu n=0

1 (n .)I Néu n>0
Néu n=0
f (n) f (n .) Néu n>0




Cai dat Ham dé quy

Ham/thu tuc Dé, quy: M6t ham A duoc goi la
Ham D¢ quy néu trong dinh nghia ham A co
Ol goi dén chinh ham A

KieuTraVe TenHam(Danh Sach Tham So)
{

TenHam () ;




Cai dat Ham dé quy

So do cai dat
So do 1:

KieuTraVe TenHam(Kieu n)
{
if (dieukien dung)
[return] kqg;
else
[return] TenHam(n-1) ..




Cai dat Ham dé quy

So do cai dat
So do 2:

KieuTraVe TenHam(Kieu n)
{
if (dieukien dequy)
[return] TenHam(n-1)..;
else
[return] kqg;




Cai dat Ham dé quy

Vi du: Cai dat ham dé quy tinh n!

int Factorial (int n)

{




Hoat dbng cua Ham dé quy

Tim hiéu hoat ddng ctia ham dé quy tinh a"

Néu n=0

Néu n>0

double Power (double a, int n)

{




Hoat dbng cua Ham dé quy

Phan tich hoat dédng cua ham Power(a, n) mét
cach hinh thwc:
GoOm 2 pha:
Pha tién (forward): Tién dén I&i gidi nhé nhat

Pha IUi (backward): K&t hop cac két qua lai voi
nhau

Vi du: Cho a= 5, n=3, hay theo vét chay ctia ham
Power(5, 3)



Hoat dbng cua Ham dé quy

S return 1




Hoat dbng cua Ham dé quy

Hoat ddng cua hé thong:
Hé thong Iwu gilr trang thai cla tat ca cac 101
goi ham trong ngan xép
M6i khi co mét 11 goi hém,, hé théng tao ra 1
vung lwu trlr trong ngan xép goi la ban ghi
Kich hoat (activation record) dé Iwu thong tin
Gia tri tra vé
Pia chi tra vé
Pia chi cac lién két dong
Tham s0 truyén vao
Cac bién cuc bd



Hoat dbng cua Ham dé quy



Phan loai dé quy

Pé quy co6 thé dwoc phan thanh mot so
trwong hop sau:

Pé quy truc tiép

Pé quy gian tiép

Pé quy tuyén tinh

Pé quy nhanh (dé quy khéng tuyén tinh, dé

quy cay)

Pé quy dudi

Pé quy 16ng nhau



Phan loai dé quy

Pé quy truc tiép

Pinh nghia [Pé quy trwc tiép — Direct
Recursion]: MOt ham dwoc goi la Ham bé
quy trwc tiép néu ham dé co 1o goi dén chinh
no mot cach ro rang

Vi du:

int Foo (int x)
{

if (x <= 0) return x;

return Foo(x - 1);




Phan loai dé quy

Pé quy gian tiep

Pinh nghia [Pé quy gian tiép — Indirect
Recursion]: MOt ham dwoc goi la Ham bé
quy gian tiép néu ham do goi dén no thdng
qua nhirng loi goi ham khac

So do
f) 2 9:0 2902 ... 29,0210



Phan loai dé quy

Pé quy gian tiep

Vi du: int Foo(int x)
- {
if (x <= 0)
return x;

return Bar (x) ;

}

int Bar (int y)
{

return Foo(y - 1);

}




Phan loai dé quy

Pé quy tuyén tinh

DPinh nghia [Pé quy tuyén tinh — Linear
Recursion]: Mot ham dé quy dwoc goi la dé
quy tuyén tinh néu ham do khéng cé toan to
phu thudc vao 2 |&i goi dé quy tré 1én

int Factorial (int n)

{
if (n == 0)
return 1;

return n * Factorial(n - 1);




Phan loai dé quy

Pé quy nhanh

Pinh nghta [Dé quy nhanh — Tree Recursion]:
MOt ham dé quy dwoc goi la dé quy nhanh
néu ham do cé toan t& phu thudc vao 2 I
goi dé quy tr& 1én

int Fibonacci (int n)
{
if (n==1 || n==2)
return 1;

return Fibonacci(n - 1) + Fibonacci (n-2);




Phan loai dé quy

Pé quy duoi

DPinh nghia [Dé quy dudi — Tail Recursion]:
Ham Bé quy dudbi la mét ham dé quy thoa:
Chta duy nhat 1 1&i goi dé quy
L&i goi dé quy nam & cudi ham
Lol goi dé quy truwdc khong phu thudc 101 goi

dé quy sau
7 quy void InSo(int n)
{
, 1 f >0
Vi du: . (n>0)

cout << n;
InSo(n-1) ;




Phan loai dé quy

Pé quy Iong nhau

DPinh nghia [Pé quy 16ng nhau]: Ham Bé quy
I6ng nhau |1a ham goi dén chinh né va s
dung chinh ham dé nhw 1a tham s6 dau vao
cua ham

Vi du:

m . Néu n=0

A(n ., 1) Néu n>0, m=0

(N ., A(n,m .)) Néu n, m>0

A(n, m)




Ung dung cua dé quy

Lap trinh dé quy dwoc dung trong mot so
trwong hop sau

Dung trong p
Dung trong p
Dung trong p

nwong p
nwong p

nwong p

hap chia dé tri
nap quy hoach déng

nap quay lui vét can



U'u diém va khuyét diém cla dé quy

Uu diém
Trong sang
Dé doc
Cai dat don gidn, ngan gon

Khuyét diém
Phai ltu nhiéu trang thai trong stack: C6 thé
tran ngan xép
Lam cham thoi gian thwc thi chwong trinh



M6t s6 phwong phap khir dé quy

Mot sd goi V:
Tim cong thurc khong dé quy
Dung mang lwu trlr dr liéu trung gian
Dung stack dé& mé phdng dé quy



Bai tap ap dung

Viét ham dé quy Tinh U'&c s6 chung Ién nhat
cuaavab (USCLN(a, b))

USCLN (a,b A Néu b=0
(2.0) B ) N (b, amodb) Néu b0

Viét ham dé quy tinh c'

Néu k=0 hay n=k

n. .: I(I Néu 0<k<n

Ck

N




Bai tap ap dung

Viét ham dé quy In mang a gém n phan to
(n<100) Ién man hinh

Viét ham dé quy In ra cac chir s cua sb
nguyén n theo thi tw dao nguoc

Viét ham dé quy Tim s0 I&n nhat /nhé nhat
clla mang sO nguyén a c6 n phan t& (n<100)

Viét ham dé quy Bém sb lan xuat hién cua ky
tw ch trong chudi s




Bai tap ap dung

Viét ham dé quy Kiém tra n c6 phai 1a s6
nguyén to khéng

Viét ham dé quy Giai bai toan thap Hanoi
Viét ham dé quy liét k& cac phan so t0| glan
khdng gidm nam trong [0, 1] va c6 mau so
nhé hon hay bang n

Viét ham dé quy Tinh gid tri cia mot so viét
dwdi dang chir LA MA



Tom tat chwong 4




Chwong 4

PHUONG PHAP THIET KE
THUAT TOAN
— QUAY LUI -



Gidi thiéu

Phwong phap

So dé cai dat

Cac vi du

Uu diém va khuyét diém



Hinh anh




Dinh nghta [Quay lui — Backtracking]:
Quay lui Id mdt phwong phap thiét ké thuat
toan dé tim nghiém cla bai toan bang cach
xét tat ca cac phwong an.
M6t phwong an gdm nhiéu thanh phan, va
phwo’ng phap quay lui sé xay dwng twng thanh
phan trong médi bworc.

Trong quéa trinh xay dwng thanh phan th i
(tim nghiém cho thanh phan th i), néu khdng
thé xay dwng dworc thi quay lai chon nghiém
khac cho thanh phan th (i-1)



V4

Bal toan

Phat biéu bai toan: Gia str nghiém cla bai
toan can tim co dang X=(Xq, X5, -+, Xy, --+),
trong do

x. 14 1 thanh phan nghiém cuta bai toan

x; 6 mot mién gia tri D, nao do (x [iP.).

S0 lwong thanh phan x; co thé xac dinh hay

khong xac dinh

Bai toan co6 nhirng rang budéc la F
Yéu cau: Hay xay dwng 1 nghiém hay tat ca
cac nghiém cua bai toan thoa diéu kién F



Phwong phap

Phuwong phap Quay lui

Phwong phap Quay lui xay dwng dan nghiém X cla bai
toan: Bat dau tlr x, dworc chon ra tir tap Dy, roi dén x,
dwec chon ra tw téap D, ... bang cach thr moi kha nang co
thé xay ra.

M6t cach tdng quat:; Néu chung ta da xac dinh dworc 10
giai bd phan gom (i-1) thanh phan X(i-1) = (Xq, X5, ..., Xi4),
bay gi®» ching ta tim gia tri cho thanh phan x. bang céch
xét moi kha nang co thé cé cda x; trong tap D.. V&i moi kha
nang j G, chung ta kiém tra xem co thé thoa diéu kién
la nghiém thanh phan clia bai toan khéng



Phwong phap

Co6 2 kha nang xay ra:

Néu kha nang j théa diéu kién thi

Gan x; = |

Tiép theo tim nghiém cho thanh phan x.,,
Néu da thdr moi kha nang cda j ma khdng thda
diéu kién bai toan thi coé nghia la di theo con
duong

X(1-1) = (X1, Xoy veey Xiq)

s& khong thé dan den két qua. Chiing ta quay
vé budc trwde dé xac dinh lai x., (bang cach
chon 1 gia tri khac trong D, ,).



Phwong phap

Qua trinh nay dirng cho dén khi tim duoc
nghiém cua bai toan hay vét qua hét kha nang
ma khéng thé tim dwoc nghiém cla bai toan



Phwong phap

Cay tim kiem (Cay khong gian tim kiém): Qua
trinh tim kiém &1 giai theo phwong phap
Quay lui sé sinh ra 1 cay tim kiém




Phwong phap

Pac diém cta phwong phap Quay lui
Xay dwng dan tirng thanh phan trong 1 phwong an
Trong qua trinh xay dwng phwong an no thwc hién:
Tién: D& mé& rong cac thanh phan cda phwong an
Lui: Néu khéng thé mé réng phwong an
Xét moi kha nang coé thé xay ra

Phwong phap quay lui con dwoc goi voi nhirng tén
khac nhuw: Vét can (Exhaustion), Duyét, thir va sai
(Trial and Error), ...



Phwong phap

Cac buéc sir dung phwong phap Quay lui
Buwdc 1 [Biéu dién nghiém]: Biéu dién nghiém bai
toan dwoi dang mot vector

X=(Xqs Xpy Xgy weey Xiy «--)

Buwdc 2 [Tim mién gia tri thé]: Xac dinh cac mién
gia tri co ban D, cho cac x; (D;=[min,, max])
Buwdc 3 [Rang budc]: Tim nhirng rang bubc cua x;
va gilra x; va x. Tlr d6 co thé xac dinh lai cac D
Budc 4: Xac dinh nhirng diéu kién F khac dé X 1a
nghiém cua bai toan



Phwong phap

Xac dinh mién gia tri D, (Bwdc 3):

Xac dinh can trén va can dwdi cia mién D,

(D:=[min,, max;])

Chi tiét viéc xac dinh D,
Néu cac D; va D, doc 1ap nhau thi khong can
chinh stra D, trong bwéc 2
Néu D, bi thay dbi do viéc chon lwa & nhirng
thanh phan x; (j<i) trwéc do thi chung ta can
xac dinh lai D; khi chon lya x; & bwéc |

Dung bién mang trang thai
dé luu su bién déi cua mién gia tri




So db cai dat

Néu cac D, va D; doc 1ap nhau:

void BackTrack 1A (int i)
{
if (théa diéu kién bai toan F)
Tim dugc 1 nghiém

for (3 .Di)

{

else

X; = I/

BackTrack_lA(i+1);




So db cai dat

Néu cac D, va D; doc 1ap nhau:

void BackTrack 1B(int i)

{
for (5 b,
{
X; = 3/
if (théa diéu kién bai toan F)
Tim dugoc 1 nghiém
else
BackTrack 1B(i+l);




So db cai dat

Néu cac D, va D, phu thudc nhau:

{

else

{

void BackTrack 2A(int 1)

if (thoéa diéu kién bai toan F)
Tim dugc 1 nghiém

for (3 .Di va status[j]==0)

status[]j] = 1;
X; = J;

BackTrack 2A(i+l);
status[j]=0;




So db cai dat

Néu cac D, va D, phu thudc nhau :

{

{

void BackTrack 2B(int i)

for (j .Di va status[j]==0)

status[j]=1;

X; = J;

if (théa diéu kién bai toan F)
Tim dugoc 1 nghiém

else
BackTrack 2B(i+l);

status[j]=0;




So db cai dat

So do tbng quat

void BackTrack 3A(int x[], int i, data input)

{
int D[MAXCANDIDATES] ;
int nD;

if (IsSolution(x, 1))
ProcessSolution(x, i, input);
else

{

ConstructCandidates(x, i, input, D,

for (3 .:))

{
x[i] = 37
BackTrack 3A(x, i+l, input);

&nD) ;




So db cai dat

So do tdng quét

void BackTrack 3B(int x[], int i, data input)
{

int D[MAXCANDIDATES] ;
int nD;

ConstructCandidates(x, i, input, D, &nD);
for (i [P
{
x[i] = 3
if (IsSolution(x, i, input))
ProcessSolution(x, I, input);
else
BackTrack 3B(x, i+l, input);




Cac vi du: {1} T6 hop

Mot to hop chdp k clia tap n phan t& (k<n) 1a mét
tap hop con gbm k phan tir cua tap n phan tw

Vidu: Tap {1, 2, 3, 4, 5} c6 céac to hop chap 2 la:

S6 lwong t6 hop chap k cda tap n phan to:




Cac vi du: {1} T6 hop

Bai toan: Hay tim tat ca cac td hop chap k
cua tap n phan tw

Bwéce 1: Biéu dién nghiém X

Buwoc 2: Tim mién gié tri D, cha x

Buwdc 3: Rang bugc gilra x; va X

Budc 4: Xac dinh diéu kién F dé X 1a nghiém



Cac vi du: {1} T6 hop

CAau truc di¥ liéu

#define MAX 20

int x[MAX+1];
int n, k;




void ToHop (int i)
{




Cac vi du: {2} Chinh hop lap

M&t chinh hop 18p chap k cla tap n phan to
(k=n) la mot bo (co ther tw) gom K phan tr cua
tdp n phan t& va cac thanh phan cla bd cé thé

trung nhau
Vidu: Tap {1, 2, 3, 4, 5} co6 cac chinh hop lap
chap 2 la:

SO lwong chinh hop 1&p chap k cla tap n phan to:

N



Cac vi du: {2} Chinh hop lap

Bai toan: Hay tim tat ca cac chinh hop lap
chap k cua tap n phan tw

Bwéce 1: Biéu dién nghiém X

Buwoc 2: Tim mién gié tri D, cha x

Buwdc 3: Rang bugc gilra x; va X

Budc 4: Xac dinh diéu kién F dé X 1a nghiém



Cac vi du: {2} Chinh hop lap

CAau truc di¥ liéu

#define MAX 20

int x[MAX+1];
int n, k;




Cac vi du: {2} Chinh hop lap

cal Aa
Ea1 Ege
void ChinhHopLap (int 1)
{




Cac vi du: {3} Chinh hgp khéng lap

Mot chinh hgp khong Iap chép k cua tap n
phan ter (k<n) la mot bo (co thw tw) gom k
phan tlr cla tp n phan tl va cac thanh phan
cua bd khéng dwoc trung nhau

Vidu: Tap {1, 2, 3, 4, 5} c6 cac chinh hop
knong lap chap 2 la:

S6 Iwo’ng chinh hop khéng lap chap k cua tap

han tC
T A mel.cRBDEg-



Cac vi du: {3} Chinh hogp khéng lap

Bai toan: Hay tim tat ca cac chinh hop khéng
lap chap k cua tap n phan tw

Bwéce 1: Biéu dién nghiém X

Buwoc 2: Tim mién gié tri D, cha x

Buwdc 3: Rang bugc gilra x; va X

Budc 4: Xac dinh diéu kién F dé X 1a nghiém



Cac vi du: {3} Chinh hogp khéng lap

CAau truc di¥ liéu

#define MAX 20

int x[MAX+1];
int n, k;

int status[MAX+1];




Cac vi du: {3} Chinh hogp khéng lap

cal Aa
Ea1 Ege
void ChinhHopKhongLap (int i)
{




Cac vi du: {4} Xép 8 Hau

Bai toan: Hay dat 8 con hau Ién ban co vua
8x8, sao cho khéng con hau nao dwoc an
con hau nao, twc la chung

Khbéng cung hang

Khéng cung cot

Khéng cung dwong chéo




Cac vi du: {4} Xép 8 Hau

Buwdc 1: Biéu dién nghiém X
Buwoc 2: Tim mién gié tri D, cha x
Buwdc 3: Rang bugc gilra x; va X

Budc 4: Xac dinh diéu kién F dé X 1a nghiém



Cac vi du: {4} Xép 8 Hau

CAau truc di¥ liéu

#define MAX 8

int x[MAX+1];

int cot[MAX+1];
int cheoChinh][ . 1;
int cheoPhu] . 1




void Xep8Hau (int i)
{




Uu diém va khuyét diém

Uu diém
Ludn dam bao tim nghiém dung
Cho phép liét ké moi nghiém cua bai toan

Khuyét diém
Do phue tap thuat toan Ion
Thoit gian thye thi lau
Chi giai nhirng bai toan cé kich thwéc nhé



Tom tat chwong 4




Chwong 5

PHUONG PHAP THIET KE
THUAT TOAN
— NHANH CAN -



Gidi thiéu

Bai toan ti wu
Phwong phap
So do cai dat

Cac vi du






Bai toan toi wu: Trong nhiéu bai toan thuc té
y&u cau chdng tim nghiém théa man nhirng
diéu kién nao dé va nghiém nay phai tot nhat
theo tiéu chi cu thé nao 4do.

Phuwong phap Nhanh can la mét dang cai tién
cua phwong phap quay lui dung dé giai quyét
bai toan toi wu



Bai toan toi wu

Phat biéu bai todn: Gia st bai todn yéu cau tim

P
n

n

nwong an X=(Xq, X,, ..., X, ...) thda man
nirng dién kién nao do va phwong an nay la tot

nat theo tiéu chi cu thé nao do.

Goi f(X) 1& ham danh gia su tot nhat cta phwong
an X (f la ham muc tiéu hay ham chi phi)

Yéu cau: Tim X sao cho
f(X) = min (max)



Bai toan toi wu

Néu goi X* 1a phwong an tot nhat (t6i wu)
X" [BRrg min f (X)
X

X" hrg max f (X)
X

f* = f(X*) dwoc goi 1a gia tri tdi wu cla bai toan



Bai toan toi wu

Vidu 1 [Bai toan nguwoi du lich — Traveling
Salesman Problem — TSP]

Cho n thanh phd dwoc danh sb tr 1 dén n va
khodng céach gitra thanh phd i va thanh pho |
dwoc cho bai ¢; (chu y: ¢;=c;)

Yéu cau: Tim mot hanh trinh ngan nhat cho
phép viéng thdm n thanh phd, méi thanh phd
viéng tham dung 1 1an va quay vé thanh pho
ban dau.



Bai toan toi wu

Mo hinh toan hoc:

Mot hanh trinh la 1 hoan vi X=(x(1), x(2), ...,
x(n))cuans6{l, 2, ..., n}

Ham muc tiéu:

f (X) .x(l),x(Z) lx(2),x(3) . lx(n.),x(n) lx(n),x(l)

Yéu cau:

X" IRrg min f (X)
X



Bai toan toi wu

Vi du 2 [Bai toan phan cong — Job
Assignment Problem — JAP]

Con cong viéc va n nhan vién. Goi c; la chi
phi dé trd cho nhan vién i khi lam cong VIEC |.

Yéu cau: Tim cach phan céng n nhan vién
lam n viéc trén sao cho tdng chi phi la nhé
nhat (mdt nhan vién chi lam 1 viéc, mot viéc
chido 1 nhan vién lam).



Bai toan toi wu

Mo hinh toan hoc:

MOt cach phan cong n nhan vién lam n viéc la
1 hoan vi X=(x(1), x(2), ..., x(n)) cua n s {1, 2,
..., N}

Ham muc tiéu:

f (X) .1,x(1) l2,x(2) . ln,X(n)
Yéu cau:

X" g min f(X)
X



Bai toan toi wu

Vi du 3 [Bai toan cai tui — 0-1 Knapsack problem]
Cho n loai d6 vat dwoc danh so6 tir 1 dén n, do
vat thr i co gia tri v, va trong lvong w..

Cho trwdre cai tui co trong lwong toi da ma né co
thé mang la W.

Yéu cau: Tim mot s6 do vat dé bo vao tui sao
cho tong trong lwgng cac do vat bo vao tui khéng
vuweot qua W va tong gia tri cua cac doé vat la Ién
nhat.



Bai toan toi wu

Nhan xeét:

Hinh thre thdng thwdng nhat cda bai toan 13
pal toan 0-1 knapsack, trong d6 gici han so
wong x; cua loai do vatila 0 hay 1




Bai toan toi wu

Mo hinh toan hoc:

Mét phwong an chon do vat dwoc biéu dién
bang 1 vector nhi phan do dai n: X=(xq, X,, ...,

x). (<. 1})
x=1: Chon d0 vat |
x.=0: Khéng chon do vat |
Tong gid tri cGia cac doé vat da chon

j¢9] 2 X | ™ ‘i

Tong trong lwong clia cac dod vat da chon

Ted] DA 24§ ‘xi




Bai toan toi wu

f 14 ham muc tiéu phai théa man diéu kién
ham g
Yéu cau:

X" Ibrgmax f(X)
Xvag (X))l



Phwong phap

Phwong phap Nhanh can (Branch and bound —
B&B) X" [Brg min f (X)
X

Gia str ta tim dwoc ham g(x,, X,, ..., X) la ham
can dwdi cua nghiém co6 k thanh phan
d(Xys X5y +.ny X)) < Min{f(X)}



Phwong phap

Buoc 1 [Khéi tao]: Dung 2 bién X, va F, dé luu lai
nghiém tot nhat trong qua trinh tim nghiém (F, =
f(X))

X =()

F = +-

Buwdc 2 [Quay luil: Dung phwong phap quy lui dé
xét tat ca cac nghiém co thé co cla bai toan
Khi tim dwoc 1 nghiém, ta so sanh f(X) v&i F,. Néu
F, > f(X) thi ta lwu nghiém tot hon lai.
X, = X
F = (X)



Phwong phap

Buwdéc 3 [Nhanh cani:

Trong qua trinh xay dwng nghiem, gia st da
xay dwng dwoc nghiém gdm k thanh phan
X=(Xqy Xp, oeey Xp)-

Bay gio ta dy dinh mo rdng nghiém thanh (x;,
X,, ..., X, Xie1) NPNG NEuU ta biét rang nhirng
nghiém ma& réng (Xq, Xy, «--, Xps Xps1, ---) KhONQ
thé tot hon F, (nghia 18 g(X{, X0, .+, Xg» Xests ---)
> F,) thi ta khéng can mé rong (X, X, .., X,),
chung ta cat di nhirng nghiém (nhanh) khéng
can thiét.



Phwong phap

Nhan xét

Phwong phap nhanh can khong quet qua toan
bO cac nghiém co thé co clia bai toan

Khé khan cua phwong phap nhanh can la lam
thé ndo danh gia dwoc cac nghiém mé rong
(can). Néu danh gia tot sé bd nhiéu nghiém
khdng can thiét phai xét (nhanh)



void BranchAndBoundl (int i)

{

if (thoéa diéu kién bai toan F)

{

else

Tim dugc mét nghiém
Cap nhat X, va F,

for (5 b
{
X; = J;
if (g(x;, %x,, .., %x;) < F,)
BranchAndBoundl (i+1) ;




void BranchAndBound2 (int i)

for (5 b))

{

{

X; = J;
if (théa diéu kién bai toan F)
{
Tim dugoc mét nghiém
Cap nhat Xt va Ft
}
else
if (g(x;, %x,, .., %x;) < F,)
BranchAndBound2 (1+1) ;




Vi du:

Vi du [Bai toan nguwoi du lich — Traveling
Salesman Problem — TSP]
MO hinh toan:
MGt hanh trinh la 1 hoan vi X=(x(1), x(2), ...,
x(n))cuansbd {1, 2,...,n}
Ham muc tiéu

f (X) .x(l),x(Z) lx(Z),x(3) . lx(nl),x(n) lX(n),X(l)

Khong mat tinh tong quat: Chung ta cé thé
xuat phat tw thanh ph6 s6 1

F(X) .1,x(2> lx<2),x(3) . lx(nl>,x(n) lx(n),l



Vi du:

Tim can duwoi g(Xq, Xo, ..., Xp)
Cach 1: g(Xq, X, ..., X)) = f(Xq, X, ..., %)

Thuat toan:
Budc 1 [Khéi dong]: F=+]J}
Budc 2 [Quay lui]
Buwéc 3 [Nhanh cén]: Vo moi bude thir x
chung ta kiem tra do dai dwong di dén luc do
co nho hon F, khéng. Néu khdng nhd hon thi
chon gia tri khac cho x;




void TSPl (int i)
{




Vi du:

Tim can duwdi g(Xq, X, ..y Xy)
Cach 2:
Goi iy = min {c”} la d6 dai cua doan dudng di
nhoé nhat gitra cac thanh pho

Gia sr da di qua k thanh pho X=(X1, Xo, -5 Xg)-
D06 dai dwong di qua k thanh pho nay la

T . (X) '1,x(2) lx(2),x(3) . lx(k.),x(k)

Can phai di qua (n-k) thanh phd ni¥a, hay phai
qua (n-k+1) doan dwdng, moéi doan dwdng co
khoang cach khéng it hon ¢,

Can duwdi: g(Xq, X9, ..., X)) = T + (n-K+1)C i,



Vi du:

Thuat toan:
Buoc 1 [Khéi dong]: F=+ll
Budc 2 [Quay lui]
Buwac 3 [Nhanh can]: V&i moi budc thir x
chung ta kiém tra T+(n-k+1)*c,;, 6 nho hon F,
khéng. Néu khéng nho hon thi chon gia tri khac
cho X




void TSP2 (int i)
{




Tom tat chwong 6




Chwong 6

PHUONG PHAP THIET KE
THUAT TOAN
— CHIA BE TRI -



Gigi thiéu
Phwong phap
So do cai dat
Cac vi du






Chia dé tri Ia phwong phap thiét ké thuat toan tw
trén xudng dwdi (top — down) v&i ¥ twdng:
Chia bai toan I&n thanh nhirng bai toan nho hon
c6 dang gidng bai toan ban dau
Cac bai toan nhé hon duwoc chia thanh nhirng bai
toan nho hon nira

vé&i hy vong rang cac bai
> toan nhé dé giai hon




Phwong phap

Phwong p
Budc 1
Budc 2
Buoc 3

hap Chia dé tri gém 3 buéec:
Divide] — Chia bai toan thanh cac phan.
'Solve] — Giai quyét cac phan

‘Combine] — Két hop cac I&i giai clia cac

phan thanh I&i gidi cia bai toan




Phwong phap

Nhan xet quan trong:
C4c bai toan con (cac phan) nhan dwoc trong
qua trinh phan chia sé cung dang voi bai toan
ban dau, chi khac nhau vé kich thwéc
C6 thé cd mét so bai toan con khéng cung
dang va&i bai toan lon
Cac bai toan con Khong dwoc giao nhau



So db cai dat

Cai dat bang phwong phap Pé qui

void DivideConquer (A, x)
{
if (A du nho) Solve(A)
else
{
- Phan chia A thanh A,, A,, .., A,
- for (i=0; i<n; i++)
DivideConquer (A;, x;)
- Ket hop cac nghiem x. de duoc nghiem x




Cac vi du

Vidu 1 [Sorting 1]: Cho day a,, &, ..., a,. Hay
xay dwng thuat toan sap xép day tren tang
dan.

Buwdc 1: Divide
| |

~ /é TS
YT Phan tlr cuoi




Cac vi du

Budc 2: Solve

‘ [ N

— _/
v

Sorted

Budc 3;: Combine




Cac vi du

Thgét toan Insergion sortl [Dé quy — tw trén

xuong]: Gia st can sap xép day a,, a,, ..., a,
Bwoc 1: Sap xép day a,, a,, a., tdng dan
Buwac 2: Tim vi tri thich hop trong day dé chén
a; vao sao cho a,, a,, ..., a tang dan



caraae

void InsertionSortl (int a[], int 1)

{




Cac vi du

Thuat toan Insertion sort 2 [Vong lap — tw
duwdi lén]
a, da dwoc sap xép
Gia st day a,, a,, ..., a., da tdng dan
Tim vj tri thich hop trong day dé chén a; vao
sao cho a4, a,, ..., a tang dan



caraae

void InsertionSort2(int a[], int 1)

{




Cac vi du

Vidu 2 [Sorting 2]: Cho day a,, &, ..., a,. Hay
xay dwng thuat toan sap xép day tren tang
dan.

Buwoc 1: Divide
Chia thanh 2 phan “bang nhau”

- |\ /
' '

Budc 2: Solve
Sap xép mdi phan tang dan



Cac vi du

Budc 3: Combine

Két hop 2 phan d& sap xép thanh 1 phan duoc
sap xep

Sorted

Sorted

Sorted




Cac vi du

Phuong phap tron 2 day da duoc sap xép
thanh 1 day dwoc sap xép

l




Cac vi du

Phuong phap trdn 2 day da duoc sap xép
thanh 1 day dwoc sap xép

l




Cac vi du

Thuat toan Merge sort
Budc 1: Tinhk =ndiv 2
Buwdc 2: Sap xép a[l...k]
Buwdc 3: Sap xép a[(k+1)...n]

Buwdc 4: Tron 2 day da sap xép a[l.. k] va
a[(k+1)...n] thanh day a[1...n] dwoc sap xép



caraae

void MergeSort(int a[], int i, int j)

{




Cac vi du

Vidu 3 [Sorting 3]: Cho day a,, &, ..., a,. Hay
xay dwng thuat toan sap xép day tren tang
dan.

Buwdc 1: Divide
Chia thanh 2 phan

X y > X<y

left right



Cac vi du

Bwdc 2: Solve
Sap xép phan bén trai va phan bén phai

X y
left right
N\ J J
Q
sorted sorted

Budc 3: Combine
Ppat 2 phan ké nhau



Cac vi du

Thuat toan Quick sort
Buwdc 1: Chon phan t& trung tdm p
Buwdc 2: Chia lam 2 phan
Phan bén trai: Gom nhirng phan tl nhd hon p

Phan bén phai: Gom nhirng phan t& I&n hon
hay bang p

Budc 3: Sap xép phan bén trai va phan bén
phai mét cach dé quy



cai dal
M

void QuickSort(int a[], int left, int right)
{

.DC




Cac vi du

Vi du 4: [Tim kiém nhi phan]
Bai toan: Cho day da dwoc sap xép tang. Hay
kiém tra xem x c6 trong day hay khéng

Buwdc 1: Divide

left right



Buwoc 2: Solve
Kiém tra x v&i y:
X =y = Tim thay
X <y: Tim bén left
X >Yy: Tim bén right

Budc 3: Combine
Khéng lam gi ca



Cac vi du

Thuat toan Binary search: Tim kiém x c6
trong day a[l... r]
Bwéc 1: Néu I>r thi khong tim thay
Bwoc 2: Tinh m = (l+r)/2
Bworc 3:
Néu x = a[m] thi tim thay
Néu x < a[m] thi tim bén a[l...m-1]
Néu x > a[m] thi tim bén a[m+1...r]




int BinarySearch(int a[], int left, int right, int x)

{




Tom tat chwong 6




Chwong 7

PHUONG PHAP THIET KE
THUAT TOAN
— THAM LAM —



Gidi thiéu

Phwong phap

So dé cai dat

Cac vi du

Uu diém va khuyét diém






Binh nghia [Tham lam — Greedy]. Tham lam la
moét phwong phéap thiét ké thuat toan dé tim
nghiém cua bai toan toi wu bang cach xay dwng
nghiém dan dan tirng bwdc. Tai méi bwdc:
Chung ta ludn ludn chon gia tri tot nhat tai thoi
diém dé ma khéng quan tdm dén twong lai (toi
wu cuc bo)
Chung ta hy vong viéc chon cac toi wu cuc bd tai
moi bwdc sé cho tdi wu toan cuc



Phwong phap

Phat biéu bai toan: Gia s bai toan yéu cau
tim phuwong an X=(x4, X,, ..., X,), trong do
X; dwgc chon ra tw tap D..
f(X) 1& ham danh gia sw tot nhat cia phwong
an X (f la ham muc tiéu hay ham chi phi)



Phwong phap

Phwong phap Tham lam

Phwong phap Tham lam xay dwng dan nghiém X

cua bai toan:
Ban dau X=()
Gia str da xay dwng duwoc (k-1) thanh phan caa
nghiém (Xq, X5, ..., X.1)
Bay gio ta m& rong nghiém thanh (x;, X, ..., X4,
X,) bang cach chon x, la gia tri tét nhat trong tap D,



Phwong phap

Phwong phap Tham lam

Thong thwong tap D dwoc sap theo mot trat
tw tdng dan hay gidm dan theo tiéu chi nao do
tlr d6 giup viéc chon gié tri tot nhat cho x; sé
dé dang hon
Buwéc 1 [Sap xép]: Sap xép dir liéu D tang dan
hay giam dan theo tiéu chi nao dé
Budc 2 [Chon gla tri tot nhat] V&i moi thanh
phan x.. ‘Tatim gia tri tot nhat trong di lieu da

dwoc sap xép trong bwdc 1 va thda diéu kién
cla bai toan dé gan cho x;



So db cai dat

So dd 1:

void Greedyl ()
{
X=();
for (i=1l; i<=n; i++)
{
X. SelectBest (D,) ;

1l




So db cai dat

So dd 2:

void Greedy2 ()
{
Sort (D) ;
for (i=1l; i<=n; i++)
{ P P
- Chon v la gia tri to6t nhat trong D va
théa diéu kién bai toan
- X, = V;
- Bé v khéi D




Cha y

Mét y twdng ddi nghich v&i phwong phap
“tham lam” la y twdng “trédng rong”:

Gom nho thanh to

Nang nhat chat bi



Cha y

Dé gidi bai toan bang phuong phap tham
lam, chung ta can:

Xac dinh cac tap gia tri D,

Ham muc tiéu f

Ham chon SelectBest dé chon gia tri cho x;



Cac vi du: {1} Bai toan thu nhac

Vi du 1 [Bai toan thu nhac]

Mot bang dia co thé thu dwoc cac bai hat voi
tdng thoi lgng 1a T. C6 N bai hat, bai thtr i co
thoi lweng la h; khi lwu trén dia (i=1, 2, ..., N)

Yéu cau: Hay chon mot céch‘thu cac bai hat
sao cho mdi bai chi thu mét 1an va tdng so bai
thu dwoc trén bang 1a nhiéu nhat



Cac vi du: {1} Bai toan thu nhac

Biéu dién I&i gidi cua bai toan 1a 1 vector dd dai k:
X=(Xyy X5, ..., X )- Trong do x;=1, 2, ..., n

f(X)=|X| > max
Bai toan: Tim vector X

Thuat toan tham lam:

Chon bai c6 thoi lwgng nho thu trwdc, bai co tho
lweng Io'n thu sau néu con cho



void ThuNhac Greedy ()
{




Cac vi du: {2} Bai toan cai tui

Vidu 2 [Bai toan cai tui — 0-1 Knapsack problem]
Cho n loai d6 vat dwoc danh s6 tww 1 dén n, dé vat
thtr i co

V; — gia tri cia do vat i

w; — trong lwong d6 vat i

Yéu cau: Tim mot sd do vat dé bd vao tui sao cho
tong trong lwgng cac do vat bo vao tui khong vuwot
qua W va tong gia tri cua cac do6 vat la I&n nhat.



Cac vi du: {2} Bai toan cai tui

Biéu dién & gidi cha bai toan 1a 1 vector nhi
phan do dai n: X=(x,, X,, ..., x.). (x|, 1))
x=1: Chon do vat |
x.=0: Khéng chon do vat |
Trong lwong cla nghiém thanh phan: x*w;
Gia tri ca nghiém thanh phan: x*v

Bai toan: Tim vector X



Cac vi du: {2} Bai toan cai tui

Thuat toan tham lam 1:
Buwdc 1: Sap xép cac dd vat co gia tri gidm dan
Buwdc 2:
TrongLuong=0
X;i=0 -
Buoc 3: Xét tuan tw cac do vat tir trai sang phai.
V&i do vat th i
Néu TrongLuong + w; < W thi
Chon do vat i: x=1
TrongLuong = TrongLuong + w.



Cac vi du: {2} Bai toan cai tui

Thuat toan tham lam 2:
Sap xép cac do vat coé gia tri tidng dan

Thuat toan tham lam 3:

Sap xép cac do vat c6 gia tri trén 1 don vi trong
lwong (vi/w;) giam dan

Thuat toan tham lam 4:



void KnapSack Greedy ()
{




Cac vi du: {3} Bai toan ngwoi du lich

Vi du 3 [Bai toan nguwoi du lich — Traveling
Salesman Problem — TSP]

Cho n thanh phd dwoc danh sb tr 1 dén n va
khodng céach gitra thanh phd i va thanh pho |
dwoc cho bai ¢; (chu y: ¢;=c;)

Yéu cau: Tim mot hanh trinh ngan nhat cho
phép viéng thdm n thanh phd, méi thanh phd
viéng tham dung 1 1an va quay vé thanh pho
ban dau.



Cac vi du: {3} Bai toan ngwoi du lich

Biéu dién & giadi cha bai toan 1a 1 vector do
dai n: X=(Xy, X5, ..., X,). (X; =1). Trong do (x,,
X5, ..., X,) la mét hoan vi cua (1, 2, ..., n)

Bai toan: Tim vector X



Cac vi du: {3} Bai toan ngwoi du lich

Thuat toan tham lam:

Y twdng: Xuat phat tir thanh pho so 1, tai mbi
budc ta s& chon thanh phd tiép theo la thanh
phd chwa viéng tham va co khoang céach tw
thanh phd hién tai dén thanh phd dé 1a nhé
nhat

Bwéc 1: x,;=1; x,=1
Buwdc 2: Chon x. 1a thanh pho chwa di qua va
c6 khoang cach dén x., la nhd nhat.



void TSP Greedy ()
{




Cac vi du: {4} Bai toan ma di tuan

Vi du 4 [Bai todn ma di tuan]

Trén ban cd qudc té co mot con ma nam tai mét
& nao dd. Hay chi ra 1 cach di chuyén con ma
trén ban co theo luat di con ma sao cho méi 6
trén ban cd, con ma nhay dén dung mét lan.
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Cac vi du: {4} Bai toan ma di tuan

Thuat toan tham lam:
O gan bién sé co6 it nwdc di hon cac 6 bén
trong
Y twéng: U'u tien di ra bien dé di nhirng 6 co it
nwoc di nhat roi mai di dén nhirng 6 bén trong



void Horse Greedy ()

{




Uu diém va khuyét diém

Uu diém
Tim dwoc cac nghiém gan toi wu
Thot gian thire thi nhanh hon cac phwong
phap téi wu, quay lui

Khuyét diém
Nghiém tim dwoc co thé khdng tot nhat



Tom tat chwong 7




Chwong 8

PHUONG PHAP THIET KE
THUAT TOAN
- QUY HOACH DONG -



Gidi thiéu

Quy hoach déng va Chia dé tri
Quy hoach ddng va Bai toan toi wu
Nguyén ly t6i wu cua Bellman

So do cai dat

Cac vi du



V
VA
< >
AyA \\«>q
A < >
e[|V
ot A
A e
4>Q AVODV
o SR Py
% A <( >
A_GQQV V<D
\ V<D < A
vAg
<] >
Vaz

Hinh anh

- — - - ——




Quy hoach déng — Dynamic
Programming do nha toan hoc
ngwol Mi Richard Bellman (1920
— 1984) phat minh vao nam 1957

Quy hoach d6ng — Dynamic
Programming la phwong phap dé
gidi quyét mét 1&p 1&n cac bai
toan toi wu théa theo nguyén ly toi
wu Bellman




Dwa trén phwong phap Quy hoach ddng, nhiéu
th)uét,toén nOi tieng da ra doi: M6t so thuat toan
noi tieng dwa trén phuwong phap Quy hoach déng

T

- 4 4 4 o

nuat toan Dijkstra

nuat toan Ford — Bellman

nuat toan Floyd

nuat toan Viterbi

nuat toan huan luyén Adaptive Critic

nuat toan Cocke — Younger — Kasami



Quy hoach dong va Chia dé tri

Bai toan con trung lap
(Overlapping subproblems)



Phwong phap

Phuong phap Quy hoach déng gan giong voi
phwong phap Chia deé tri.

Ca hai phwong phap dung dé giai quyét bai
toan bang cach két hop cac |&i giai cua cac
bal toan con.



Phwong phap

Phuong phap Chia dé tri: La phuong phap ti

trén xudng duwdi (top — down) véi y trong:
[Divide] Chia bai toan I&n thanh nhirng bai
toan nho hon va doc lap nhau

'Solve] Giai quyét cac bai toan nhé

‘Combine] Két hop céc 1&i gidi bai toan nhé dé

ninh thanh 1&1 giai bai toan I&n




Phwong phap

Han ché cla phwong phap Chia dé tri:

Khi ding phwong phap chia dé tri dé chia 1
bai toan Ion thanh cac bai toan con, cac bai
toan con lai chia nhé thanh nhiéu bai toan con
nhé hon nira, ...

=> Dbi khi mdt bai toan con dwoc yéu cau
giai nhiéu lan

= Chwong trinh chay cham



Phwong phap

Phwong phap Quy hoach dong: La phwong
phap gidi quyét bai toan bang céach:
[Solve & Restore] Gidi quyét cac bai toan nhé
nhat, roi lwu két qua lai
[Combine & Restore] Két hop cac Ioi gidi cua
bai todn nhoé dé hinh thanh I1&i gidi cta bai
toan I&n, roi lwu két qua lai



2 Tiép can cai dat Quy hoach ddng

Tiép can tr Duwdi 1én (Bottom Up):
Toan bd cac bai todn con nhd nhat can giai sé
dwoc giai trvdc

S dung cac két qua dé tim nghiém cua bai toan
Ion hon

Qua trinh tiép tuc cho dén khi bai toan cudi dwoc
giai



2 Tiép can cai dat Quy hoach ddng

So dé cai dat | veid SolveSmallProblems ()

{
}

void SolveSubProblems ()

{
}

void Trace ()

{
}

void DynamicProgramming ()

{
SolveSmallProvlems () ;
SolveSubProblems () ;
//Trace() ;




2 Tiép can cai dat Quy hoach ddng

Uu diém cua tiép can Bottom — Up
Ton it bd nho

Khuyét diém cua tiép can Bottom — Up
Cai dat dai hon tiép can Top — Down
Vi dé tiét kiém bd nhé nén bai toan con nao
dung xong ma khéng dung nira thi bo di 2>
Sau khi giai xong sé khong xem dwoc trinh tw
qua trinh giai (khéng Iwu lai lich str)



2 Tiép can cai dat Quy hoach ddng

Tiép can t trén xudng (Top Down) — Dung dé
qui c6 nh& (Memoization)
[Divide] Chia bai toan thanh cac bai toan con
[Solve]
Trwdce khi gidi bai toan con, chiing kiém tra xem
bai toan nay da dwoc giai trwdc do chuwa.
Néu da giai thi lay I&i gidi trong bang ra
Néu chwa gidi thi giai
Sau khi co |1&i gia thi chung lwu két qua lai vao
bang
[Combine] Két hop cac I&i gidi cia cac bai toan
con thanh I&i giai cua bai toan



2 Tiép can cai dat Quy hoach ddng

So do cai dat

void DynamicProgramming (A, x)
{
if (A da giai quyét)
x = LoiGiai(A); // Lay loi giai twu bd nhé

if (A du nho)
LoiGiai(A) = Solve(A); //lwu 1l6i giai bai
//toan A vao bd nhéd
else

- Phan chia A thanh A,, A,, .., A,

- for (i=0; i<n; i++)
DynamicProgramming (A;, X.)

- Ket hop cac nghiem x. de duoc nghiem x

- LoiGiai(A) = x;




2 Tiép can cai dat Quy hoach ddng

U'u diém cua tiép can Top — Down
Cai dat ngan gon
Cé thé quan sat cac bai toan con can giai

Khuyét diém cua tiép can Top — Down
Ton nhiéu bo nhé vi phai lvu toan b cac bai
toan con da giai vi khéng biét bai toan con dé
con dung nira hay khong



Tinh s6 Fibonacci thi n

Néu n=1 hay n=2
|:n
un>2

Hai tiép can bang Quy hoach déng
Dung tiép can ti trén xudng
Dung tiép can tr dwdi l1én




void QHD TopDown (int n)
{




void QHD BottomUp (int n)
{




Quy hoach dong va
Bai toan toi wu



Phwong phap

Binh nghia Quy hoach déng: Quy hoach
dong la phwong phap gidi quyét cac bai toan
tdi wu bang cach tao ra mot chudi cac quyét
dinh xac dinh. V&i méi quyét dinh, cac bai
toan con duoc gidi quyét theo cung cach sao
cho |&i gidi toi wu cla bai toan ban dau co thé
dwoc tim thay tlr cac I&i gidi tdi wu cla cac
bal toan con.



Phwong phap

Phwong phap Quy hoach dong dwa trén
nguyén tac téi wu cua Bellman

Nguyén ly t6i wu cua Bellman:
Trong mét qua trinh quyét dinh ¢é nhiéu giai
doan, Lo giai toi wu co thubce tinh:

Du trang thai ban dau va cac quyét dinh ban
dau nhw thé nao di nira thi nhwng quyet dinh
con lai phai tao thanh I&i gidi toi wu ma khéng
phu thudc vao trang thai dwgc sinh ra tr nhirng
quyét dinh ban dau



Phwong phap

Bellman’s Principle of Optimality

An optimal policy has the property that
whatever the initial state and initial decision
are, the remaining decisions must constitute

an optimal policy with regard to the state
resulting from the first decision.



Phwong phap

Chung ta goi:
Ham muc tiéu la f
Gia trj toi wu la f*
Cac quyét dinh lad,, d,, ...

" I, {7 .d,,...d,)}

I, (. {ont, {f(d d,..d)}}.}}




Phwong phap

Nguyén ly toi wu cua Bellman:
N6i cach khac ngan gon hon:
L&i gidi toi wu cho bai toan P phai chira 1&i giai
toi wu cua cac bai toan con cua P (Loi giai toi
wu co |oi giai con toi wu)

Nguyén ly trén phu hop v&i nhan xét rang:
Néu I&i gidi ma cd 1&i gidi con khéng toi wu thi
khi thay I&i gidi con dé bang 1&i gidi con toi wu
sé cho I&i gidi toi wu hon 1&i gidi ban dau



Phwong phap

m

N
N
N
\\
e
X eI
________
_______
————————

Gia thiét: Néu xmy la dwdng toi wu tlr x dény.
Puwdng di nay qua m thi my 1a dwdng di toi wu
Chirng minh: Gia st khdng dung. Thé thi cé mét
dwdng khac 1a duwdng c 1a dwdng di toi wu tr m
dén y. Nghia la: Bwéng di tir x dén m, rdi theo
dwdng ¢ dén y sé toi wu hon dwdng di ban dau.
Péu nay mau thuan vadi gia thiét 1a xmy la dwdng
di toi wu tr x dén y



Phwong phap

Nhan xeét:
Nguyén ly toi wu cia Bellman con dwoc goi la
thudc tinh cau truc con toi wu (Optimal
substructure)
Viéc gidi bai toan toi wu sé dwa vé gidi bai toan
con tOi wu clng dang
Pé viéc tinh toan clia phwong phap DP dat hiéu
qua thi cac I&i giai cua cac bai toan con duoc
st dung nhiéu lan chi nén dwoc giai 1 1an roi lwu
trr lai dé st dung lai sau nay



Phwong phap

Céac bwdc giai bai toan toi wu theo Quy hoach
dong:

Buwdc 1 [Xac dinh cau truc con téi wu]:
Chon sb tham s6 cho Ham muc tiéu f
(Ham muc tiéu dung dé biéu dién cau trac con
cua bai toan)
S6 tham s6 clia ham muc tiéu f phu thudc vao
S6 dai lwong tham gia vao bai toan
Céu truc con tdi wu cla trng bai toan t6i wu cu thé



Phwong phap

Buwdc 2 [Tinh toan Trwdng hop Co ban:
Tinh ham muc tiéu f v&i cac gia tri don gian
nhat dé biét hwéng xay dwng cac gia tri cta
ham f

Budc 3 [Tinh toan Trwdng hop Téng quat]:
Tim cbng thirc cho ham muc tiéu f
(Cong thirc/phwong trinh quy hoach déng)
(Cong thrc/phwong trinh Bellman)



Phwong phap

Budc 4: [Tao bang phwong an]

Tao bang lwu trir cac gia tri cia ham muc tiéu
theo cong thuc da tim dwoc trong budc 3

Budc 5: [Truy vét]
Néu bai todn yéu cau chi ra tuan tw céc quyét
da thwe hien, chung ta can truy vét t quyét
dinh cudi vé quyét dinh ban dau



Cac vi du

Vi du 1: [Day con tdng dai nhat]
Cho day s6 nguyén A = a,, a,, ..., a, (n<1000,
-10000 < & = 10000). Day con cua A [a mét
cach chon ra trong A mét s6 phan to gity
nguyén thu tu.

Yéu cau: Hay tim mét day con tang cua day A
va cO sO phan t nhiéu nhat






Cac vi du

Vi du 2: [Puwdng di I&n nhat]

Cho hinh chr nhat kich thwéc mxn (n,m <100),
méi 6 chira mot s6 nguyén. Cé thé di chuyén tw
6 (i, j) dén 1 trong 3 6 ké bén phai (i-1, j+1) (i,
j+1) va (i+1, j+1) thudc hinh chi nhat.

Yéu cau: Hay tim mot cach di chuyén tir moét 6
nao do thudc cbét 1 dén 1 6 nao do thubdc cot n
sao cho tong cac so cua cac 6 di qua la I&n nhat.






Cac vi du

Vi du 3: [Day con chung dai nhat]
Cho 2 day sb nguyén
A=(ay a, ..., a,).

B=(b,, b,, ..., b_)
(h, m<100, -10000 < a, b; < 10000).

Yéu cau: Hay tim mét day C tang va dai nhat,
trong d6 C |la day con cua A va C la day con
cua B
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Chwong 9

PHUONG PHAP THIET KE
THUAT TOAN
— HINH HOC -



Cau truc di liéu co ban
Piém va doan thang, dwdng thang va tia
Giao diém 2 doan thang, dwdng thang
Pa giac

Piém va da giac

Pa giac 10i

Bao 10i



O SN
Q- o \
\ \
o v OO '
\ @)



CAau trdc di¥ liéu co ban

M6t s cau truc dir liéu hinh hoc co ban
biem: P(x,, y,)
Doan thang: XY
Pwong thang: Qua 2 diém P, P,
Tia: Tia AB

y AN
Yo b-------mm e
Yo p--- - i
Yo }----- oP
1 ! )
O| Xp Xy X5 X



CAau trdc di¥ liéu co ban

Phwong trinh ctia dwdng thang
Puworng thang dwoc xac dinh bdi 2 diém Py (x,,
Y1) Pa(Xas Y2)-

ll| N>< ><



CAau trdc di¥ liéu co ban

Phwong trinh ctia dwdng thang
Dang tong quéat

F(x, y)




CAau trdc di¥ liéu co ban

Puwdng thang chia mat phang 1am 3 phan

P
P
P

han 1: Gom cac diém trén dwong thang F(x,y)=0
han 2: GOm cac diém lam cho F(x,y)>0

han 3: GOm cac diém lam cho F(x,y)<0




CAau trdc di¥ liéu co ban

Khoang cach tr diém P(x,, Y,) dén dwdng
thang (d) cé phuwong trinh F(x,y)=Ax+By+C=0

) (d)



CAau trdc di¥ liéu co ban

Pa giac: dwoc xéq dinh bé’j tap dinh duoc liét
ke thr tw theo chieu kim dong (hay nguwoc
chieéu kim déng ho)

Pa giac 10i

Pa giac Iom

1




CAau trdc di¥ liéu co ban

typedef struct PointTag
{

double x, y;
} Point;

typedef struct LineTag

{
double A, B, C;
} Line;

#define MAXPOINT 100
typedef struct PolygonTag

{
Point aPoints[MAXPOINT] ;
int n;

} Polygon;




void TaoDuongThang (Point pl, Point p2, Line &line)
{
line.A =
line.B
line.C =

double F (Point p, Line line)
{




ry

Cau truc di¥ liéu co ban

cabdal

camaae

double KhoangCachDiemVaDuongThang (Point p, Line line)
{




bool CungPhia (Point A, Point B, Line line)
{




Piém va doan thang, dworng thang va tia

Bai toan 1 [Diém c6 thudc dwdng thang]: Tim vi
tri)two’ng doi gitra diem P(x,, y,) va duwong
thang di qua 2 diém A(x4, y,) va B(X,, ¥,)

Thuat toan
Buwdc 1: Viét phwong trinh dwdi dang tobng quéat
F(X, y) = Ax+By+C=0
Budc 2: P thudc dwdng thang AB néu
F(Xo, Yo) =0



m va doan thang, dworng thang va tia

bool DiemThuocDuongThang (Point p, Point A, Point B)
{




Piém va doan thang, dworng thang va tia

Bai toan 2 [Piém c6 thudc doan théng] - Kiém tra
diém P(x,, o) c0 thudc doan thang ndi 2 diém A(x,,

y1) va B(X5, ¥s)

Thuat toan
Buwdc 1: Viét phwong trinh dwdi dang téng quéat
F(x,y) = Ax+By+C=0
Buwdc 2: P thude doan AB néu thda man cac diéu kién
F(Xo: Yo) =0
Min(X,, X5)<X,<Max(x4, X,)
Min(y;, Yo)syosMax(yy, ¥»)



m va doan thang, dworng thang va tia

bool DiemThuocDoanThang (Point p, Point A, Point B)
{




Piém va doan thang, dworng thang va tia

Bai toan 3 [Diém cé thudc tia] : Kiém tra diém
P(Xo, Yo) €O thudc tia AB khong (trong do A(x;,
Y1), B(Xz, ¥2))

P thudc tia AB néu

Ar

V&i k=20



Piém va doan thang, dworng thang va tia

Thuat toan
Buwdc 1: Viét phwong trinh dwdi dang tong quéat
F(x, y) = Ax+By+C=0

Buwdc 2: P thude tia AB néu thda man cac diéu kién

F(Xo, ¥0) =0
(Xo-X1)(X2-%1)20

(VoY1) (Y2-y1)20



m va doan thang, dworng thang va tia

bool DiemThuocTia (Point p, Point A, Point B)
{




Giao diém 2 doan thang, dwdng thang

Bai toan 4 [Giao diém 2 duong thang]: Tim
giao diem cua 2 duwdng thang c6 phwong
trinh tong quat

Ax I
Ax N

Thuat toan: Giai hé phwong trinh




Giao diém 2 doan thang, dwdng thang

Bwoe 2: Bién luan
Néu d=dx=dy=0 thi 2 dwdng thang tring nhau
Néu d=0 va (dx#0 hay dy#0) thi 2 dwérng thang
song song
Néu d#0 thi giao diém c6 toa dod




Giao diém 2 doan thang, dwdng thang

cal Aa

int TimGiaoDiem2DuongThang(Line linel, Line line2,
Point &p)

{




Bai toan 5 [Dién tich da giac]: Cho da giac T.
Hay tinh dién tich caa da giac T

Thuat toan: Goi S la dién tich da giac
i

Chu y: Binh P, cling la dinh P,




Y nghia:
Doi v&i da giac 16i: S
béng HIEU [lllcac hinh
thang nam tren voi -
cac hinh thang nam duwoi

Doi voi da giac 16m: S
bang tong dai sO cac
dién tich cua hinh thang



cal Aa

double TinhDienTichDaGiac (Polygon T)
{




Bai toan 6 [Kiém tra 1 diém nam trong hay
ngoal da giac]: Cho da giac T va diém P. Hay
kiém tra xem P thudc mién trong hay mién
ngoai cua da giac T




Thuat toan:
Néu P thudc bat ky canh ndo cda da giac T thi
dwoc xem la thudc mién trong clia da giac
Nguworc lai ké doan thang PA song song truc
hoanh va co hoanh d6 I&n hon cac hoanh dé
cac diém (di nhién I&n hon hoanh dd diém P)
Tinh sb giao diém (num) cla doan thang PA
v&i cac canh da giac (cling 1a cac doan thang)
Néu num Ié thi P trong da giac
Nguworc lai P nam ngoai da giac



3 trwrong hop sau duwoc xem nhuw tang thém 1
giao diém
Doan PA cat canh PP, va 2 diem P, va P,
knong thudc doan thang

PO O A




Ppiém P. khong thudc doan PA, P,,; thudc doan
PA va 2 diém P, va P,,, nam 2 phia khac nhau
so voi doan PA P

I:)i+1
pO O A

Pi+2
P;va P, thuéc doan PA,
P., va P, kndng thudc doan PA va khac phia
so voi PA




cal Aa

int DiemTrongDaGiac (Polygon T, Point P)
{




Bai toan 7 [Kiém tra da giac 16i]: Cho da giac
T. Hay kiém tra xem da giac T 1a da giac I0i
hay da giac [om




Thuat toén‘
Pa giac T |6i khi
V&i moéi canh PP, (0<i<n)

Dinh P, va dinh P; (Osj<n) phai cung phia so
véi dwdng thang qua canh PP,

Chuy:
DBinh P, dwgc xem nhuw la dinh P,
DBinh P,,; dwoc xem nhw dinh P,



cal Aa

int LaDaGiacLoi (Polygon T)
{




Bai toan 8 [Bao 16i]: Cho tap diém P,, P, ...,
P, (n<100). Hay tim da giac 16i co cac dinh
la mot s6 diém trong s n diém da cho va
chira cac diém con lai, ddng thdi cé chu vi
nhd nhat.




Thuat toan

Budc 1: Sap xép cac diém co tung dd tadng dan
Buwéc 2: Chon dinh thir nhat 1a dinh c6 tung dd 1&n nhat

Buwéc 3 [Lap]: Gia stir da chon dwoc cac dinh Ty, T4, ...,
T.. Chon diém T;,, théa diéu kién

T.,, chwa dugc chon

Tap diém da chon nam vé mot phia so v&i dwérng thang

quadoanTT,, 4

P11

ps Q7 p;O \
\' o \\
Ve IO5O p.O
\ /b P3
::::::::;:&':""F;;O //
__________ NP




cal Aa

void TimBaoLoi (Point p[], int n, Polygon &T)
{




Chu y vé 1ap trinh v&i so thuc

Tranh phép chia: Thay thé phép chia thanh
phép nhan

So sanh so6 thwe: Khi so sanh biéu thire E (E
chira so thuc) véi s6 0, ching ta thwong
chon sé dwong [hnho c& mét phan ngan. Néu
tri tuyét déi ctia E nho hon khi dwoc coi nhu
E bang 0

#define EPS 0.001

lf (abs (E) < EPS)
{

}




Tom tat chwong 9




Chwong 10
NH



Toi wu héa chwong trinh

2 Pac trwng trong chwong trinh can toi wu
Toi wu hda thoi gian thwe hién chwong trinh
Toi wu héa khdng gian lwu trir div liéu

2 Loai toi wu

Toi wu chwong trinh khéng lam thay déi thuat toan
(Chinh stra ma chwong trinh)

Toi wu chwong trinh 1am thay ddi thuat toan



TOI YU HOA THO'l GIAN
CHINH SUA MA CHUONG TRINH



Chinh stra ma chuwong trinh

Cac cach chinh stra ma chuwong trinh
Quy tac Vong lap
Quy tac Logic
Quy tac Ham
Quy tac Biéu thic



QUY TAC VONG LAP



TOu wu cau lénh lap

Quy tac vong lap 1: Pwa code ra ngoai vong 1ap
Puwa cac tinh toan khong phu thubc vao chi sO 1ap
ra khoi vong lap
Cac biéu thirc tinh todn néu déu dwoc tinh toan
gidbng nhau qua céac lan 1&p thi nén dwoc dé ngoai
vong lap
Qhu y nhirng biéu thrc chira nhirng phep toan
ton nhiéu thoi gian: *, /, ham md, lay can, ...



TOu wu cau lénh lap

Vi du: Phén tich va T6i wu doan ma sau theo
guy tac trén

for (i=0; i<n; i++)
{
x[i] = x[i] * exp(sqrt(PI/2));

}




TOu wu cau lénh lap

Quy tac vong lap 2: Két hop céac biéu thic
Kiem tra
Mét vong Idp hiéu qué sé chira cang it biéu
thire Io,gic dung de kiem tra két th‘uc vong lap
cang tot. Dac biét cac vong lap nam sau bén
trong
Tot nhat chi nén cé 1 biéu thirc logic kiém tra
két thuc vong lap.
Cd gang thay thé mét so diéu kién thoat bang
diéu kién thoat khac hiéu qua hon



TOu wu cau lénh lap

Vidu 1: Phan tich va T6i wu doan ma sau
theo quy tac trén

i=0;

while (i<n && x[i] '=value)
i++;

if (i<n)
found = 1;

else
found = 1;




Tou wu cau lénh 1&p




TOu wu cau lénh lap

Vi du 2: Cho doan ma Tim kiém phan tr co
gia tri value trong mang da duwoc sap Xép
tang. Hay phan tich va cai tién dé glam biéu
thire logic trong vong lap cua doan ma

for (i=0; i<n; i++)
{
if (x[i]==value)
{
found = 1;
break;
}
if (x[i] > wvalue)
{
found = 0;
break;




Tou wu cau lénh 1&p




TOu wu cau lénh lap

Quy tac vong 1ap 3: Thao bd vong 1ap — Do chi
phi thay déi chi so I&n:
Trong vong |ap ngan hay than vong lap it code
thj chi phj lon thwong nam trong cac Iénh thay
doi chi so.
Chi phi thay doi chi s6 vong I&p thwong dwoc
giam bang cach
Bo vong lap
Gidm s0 lan 1ap, tang s Iénh trong than vong lap



TOu wu cau lénh lap

Vi du 1: Phan tich va cai tién doan ma sau

sum=0 ;
for (i=0; i<10; 1i++)
sum = sum + x[1i];




TOu wu cau lénh lap

Vi du 2: Hay cai tién thuat toan tim kiém tuan
tw gia tri value trong day tang dan

x[n] = wvalue;

1=0;

while (x[i] < wvalue)
i++;

if (i<n && value==x[i])

found = 1;
else

found = 0;




Tou wu cau lénh 1&p




TOu wu cau lénh lap

Quy tac vong 13p 4: Thao bo vong 1ap — Do
chi phi phép gan Ion
Néu chi phi clia vong I&p tap trung véao nhiing
phép gan thi nhirng phép gan nay co thé
dwoc bd bang cach:
Lap lai doan ma va
Thay dbi cach dung bién



TOu wu cau lénh lap

Vi du: Cho ham tinh s0 Fibonacci th&» n nhu sau. Hay
phan tich va cai tién dé ham st dung it phép gan hon

int Fibonacci (int n)

{
int £f1, £2, £3, i;
if (n<l || n>MAXFIBO) return O;
if (n<=2) return 1;
fl1 =1, £2=1;
for (1=3; i<=n; i++)
{
£f3 = £f1 + £2;
fl = £2;
£f2= £3;
}

return f£3;




Tou wu cau lénh 1&p




TOu wu cau lénh lap

Quy tac vong 1ap 5: T6 hop vong lap
Néu 2 vong lap gan nhau thyc hién trén cung
tp phan t& thi td hop cac l1énh trong than cla
2 vong lap va chi dung mét vong lap



TOu wu cau lénh lap

Vi du: Phan tich va cai tién thuat toan tim
max va min sau

min = a[0];
max = a[0];
for (i=1l; i<n; i++)
if (min > a[i])
min = a[i];
for (i=1; i<n; i++)
if (max < a[i])

max = a[i];




Tou wu cau lénh 1&p




QUY TAC LOGIC



Quy tac logic

Quy tac logic 1: Tan dung céac biéu thirc dal
s0 dong dang (twong dwong)

Vi du:
Thay vi kiém tra sqrt(X)>0 trong vong lap
chung ta sé kiem tra X!=0
Thay vi kiém tra sqgrt(X)>sqrt(Y) trong vong lap
chung ta sé kiem tra X>Y



Quy tac logic

Quy tac logic 2: Dung ham c6 chu ky ngan
Néu chung ta mudn kiém tra mdt ham khéng
giam v&i mét ngwdng nao do thi ching ta
khéng can phai tinh toan ham tiép néu
ngwong da dat dén

Vi du:

sum=0;
for (i=0; i<n; i++)

sum = sum + x[i];

greater = (sum > threshold)




Quy tac logic

sum=0 ;
i=0;

while (i<n && sum<=threshold)
{

sum = sum + x[i];

i++;

greater = (sum > threshold)




Quy tac logic

sum=0;

i=0;

if (n%2==1)

{
i=1;
sum=x[0] ;

while (i<n && sum<=threshold)

{
sum = sum + x[i] + x[i+1];
i = 1+42;;

}

greater = (sum > threshold)




TOi wu biéu thire logic

Quy tac logic 3: sap xép lai cac biéu thirc
kiem tra
Phep toan logic AND: Biéu thirc c6 kha nang
sai nhiéu nhat dwoc sap trude:

Pfalse (Ai) .)false (Ai.)

if (A, && A, && .. && A))
{

}




TOi wu biéu thire logic

Quy tac logic 3: sap xép lai cac biéu thirc
Kiem tra

Phep toan logic OR: Biég thire c6 kha nang
dung nhiéu nhat duoc sap trwoc:

Pre (A) IR... Ag)

if (A |l Ay, |1 .. || A))
{

}




TOI UU HOA THO'l GIAN
THAY POl THUAT TOAN



THAY DOI THUAT TOAN

Dung phwong phap Chia dé tri

Dung phwong phap Quy hoach déng — Bang
tra (lookup table)

Tan dung cac cong thurc



Dung phwong phap Chia dé tri

Dung phwong phap Chia dé tri
Khi chia dwoc bai toan thanh cac bai toan con
giong nhau
Chung ta chi can giai 1 bai toan con

Dung két qua nay cho cac bai toan con gidng
nhau ma khdng can giai lai



Dung phwong phap Chia dé tri

Vi du:
Tinh an
Tim max/min cla day s6 nguyén
Tim s6 nhd thc k trong mang nguyén
Tim kiém nhj phan
Quicksort



Dung phwong phap Quy hoach déng — Bang tra

(lookup table)

Dung phuwong phap Quy hoach dong — Bang
tra (lookup table)
Nhirng gia tri dwoc dung nhiéu lan, chang ta
chi can tinh 1 1an réi lwu lai trong 1 bang (goi
la bang lookup)
Khi can giai lai bai toan da giai chung ta chi tra
trong bang lookup



Dung phwong phap Quy hoach dong — Bang tra

(lookup table)

Vi du: Tinh Cr?,Ci,Cf,...,C:

Cach 1: Cach thdong thwong
Tinh k!
Tinh t6 hop: Goi tinh giai thira
Tinh cac K
Cn




Dung phwong phap Quy hoach dong — Bang tra

(lookup table)

(4
¢ JOA
A

VAN

[]

Cach 2: Dung bang lookup
Dung bang (n+1) phan t& a[0], a[1], ..., a[n] dé
tinh va Iwu ali]=i!

Ck

n

a ajn



Tan dung cac cong thurc

St dung cac cbng thire thay cho vong lap
Tinh toan trén giay trwde khi lap trinh

Tim moi quan hé gitra bwdc tinh trwde va
bwdc tinh sau



Tan dung cac cong thurc

Vi du: Tinh tbng S sau:

s(n) I

int TinhTong(int n)

{ int TinhTong(int n)
int s; {
s=0; int s;
int i; s = n*(n+l)/2;

for (i=1l; i<=n; i++)

s =s + 1; return s;

return s;




Tan dung cac cong thurc

Vi du: Viét chwong trinh tinh céc biéu thic

Sau. Sl(n)
s, (n) NG
p(n)-< 6 X...X 2n



Tan dung cac cong thurc

Vi du: Viét chwong trinh tinh tong
2 3 n

s I

Cach 1: Cach thong thwong
Chia nhé van dé, cai d&t cac ham cho tirng
van dé
Tinh xX
Tinh k!



Tan dung cac cong thurc

]
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Céch 2: Tim mdi quan hé gitra buéc tinh
trwdc va buwdc tinh sau




Tan dung cac cong thurc

Vi du: Tinh Cr?,Ci,Cf,...,C:

Cach 1: Cach thdong thwong
Tinh k!
Tinh t6 hop: Goi tinh giai thira
Tinh cac K
Cn




Tan dung cac cong thurc

Cach 2: Dung bang lookup
Dung bang (n+1) phan t& a[0], a[1], ..., a[n] dé
tinh va Iy afi]=il

Ck

n

a ajn



Tan dung cac cong thurc

4
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Cach 3: Dung quy nap

c: I

-

AN
e e e i
A W DN -
o W
i QU
-



Tan dung cac cong thurc

Céach 4: Tim mdi quan hé gitra buéc tinh
trwdc va buwdc tinh sau

Ck

" @
e —
sl



Tan dung cac cong thurc

4
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Cach 5:

Ha xudng phan nlra cho méi cach (2), (3), (4)
do tinh dbi xtng

c, N

Chi can tinh voi k=1, 2,..., [n/2]




Tan dung cac cong thurc

Vi du: Kiém tra n co la s6 nguyén td khdng

Céach 1: Dwa vao dinh nghia s6 nguyén to

Kiém n co chia hét cho cac sb tir 2->n-1
khong

Cach 2: Nhan xét cac wéc sb clia n chi nam
trong [2...n/2]

Kiém tra n co chia hét cho cac s6 tir 2->n/2
khong



Tan dung cac cong thurc

Céch 3: Nhan xét néu n khéng nguyén to thi
sé ton tai woc sO nguyén to6 thudc [2...sgrt(n)]
Néu n<2 thi n khdng la s6 nguyén to
Néu n=2 thi n la s6 nguyén tb
Kiém tra n c6 1a s6 chan khéng

Kiém tra n co chia hét cho cac so tir 3->sqrt(n)
Kkhong: 3,5,7, ..., sgrt(n)




