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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
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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.




Cau trac dir liéu va giai thuat

Ngwoi thwe hién: D6 Tuan Anh
Email: anhdt@it-hut.edu.vn
PT: 0989095167
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Tai lieu tham khao

Sach gido trinh: D6 Xuan Loi, Cau tric di
liéu va Giai Thuat, NXB DHQGHN

R. Sedgewick, Algorithm in C, Addison
Wesley
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hwong 1 — Thiét ké va phan tich
wong 2 — Giai thuat dé quy
nwong 3 — Mang va danh sach
hwong 4 — Ngan xép va hang doi
hwong 5 — Cau tric cay

hwong 6 — DO thi

hwong 7 — Sap xép

hwong 8 — Tim kiém



Chwong 1 — Thiét ké va phan tich

1. M& dau
2. T bai todn dén chwong trinh
2.1 Modul hoa bai toan
2.2 Phuwong phap tinh chinh tieng buéce
3. Phan tich giai thuat
3.1 D6 phirc tap vé thdi gian thwe hién GT
3.2 O-lén, Omega-lon, Theta-lon
3.3 Xac dinh dd phurc tap vé thoi gian



1. M& dau
Giai thuat;
Céac budc gidi quyét bai toan
Mot day cau lénh xac dinh mot trinh tw cac thao tac
trén mot s6 doi twong ndo dé sao cho sau mét so hiru

han budc thwe hién ta dat dwoc két qua mong muon.

DPau vao(Input): tap cac doi twong (di liéu) Cac bu
PAu ra(Output): mottap cac giatri = ac DUOC ey

. thwc hién

Cau truc di¥ liéu:

Tap hop dir lieu

Co mdi quan hé v&i nhau trong bai toan xac dinh
Lwa chon cau trac dir liéu va gidi thuat thich hop: rat
quan trong

Vi du: viét chwong trinh tim kiém s6 dién thoai theo

tén don vi

Chuwong trinh = Giai thuat + Dir liéu



1. M& dau (tiép)

Biéu dién cau truc di¥ liéu trong bd nho:
Lwu trir trong
Lwu trlr ngoai
Dién dat giai thuat:
Ngon nglr tw nhién
Gia ngbn ngly
Lwu do
Ngon ng( lap trinh
Cai dat giai thuat: ngébn ngir C/C++



Gia ngébn ng

Chu thich: /*...*/ hoac //...
Panh so th tw cac doan cla chwong trinh
Ky tw va biéu thirc
26 chi cai Latin + 10 chir s
Phép toan sb hoc: +, -, *, /, M0y thtra), %
Phép toan quan hé: <, >, ==, <=, >=I=
Phép toan logic: &&, ||, !
Gia tri logic: true, false
Bién chi so: a[il, a[il[j]
Thw tw wu tién cua cac phép toan: nhw C va cac ngdn
nglr chuan khac



Gia ngon ng (tiép)

Lénh gan:a=b;c=d =2;
Khdi 1énh: { S1; S2; S3;}
Lénh diéu kién:

if (B) if (B)

S: {s1;82;s3;}
if (B)

S1;
else

S2;



Gia ngébn ng

Lénh lap

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

for (i=n;i>=0;i--)
S;

do S while (B):

while (B) do S;



Gia ngén ngl (tiép)

Lénh vao/ra:
read (<danh sach bién>)
write (<danh sach bién hoac dong ky tw>)

Chwong trinh con:
function <tén ham> (<danh séch tham s6>)

{
S1;,S2;...Sn;
return; // néu chuwong trinh con tra lai mét gia tri
}
Goi chwong trinh con:
<tén ham> (<danh séch tham sé thuc su>)



So do
Lénh diéu khién cé thé la:
Khoi |énh {
Lénh diéu kién

v
_énh lap Nhapn
|

( 2\

Bat dau hoac két tha
| ) at dau hoac két thuc R=n%2

Lénh gan

/ / Lénh vao, lénh ra
<> Didu kién

? Néi tiép doan Iénh

\L Luéng thwe hién

{ Két thuc




Khoi Iénh

Cu phap:
{

S1;

S2;

S3;
}

S1

S2

S3




Lénh diéu kién
Cu phap
if (diéu kién)
hanh dong

diéu kién

\

hanh dong




Lénh diéu kién

Lénh diéu kién

if (B) then
S1;
else

false

true

>

S2;

S2

S1




A4

Lénh lap:

Cu phap:
while (B) do

<€

S;

true
B
false \




Lénh lap for
Cu phap

for (kh&i tao; diéu kién; cap nhat)

hanh dong

l

khéi tao

didu kién

hanh déng

cap nhat

'



Lénh lap do-while

Cu phap
do hanh_dong
while (diéu_kién)

hanh dong

diéu kién




2. Tt bai toan dén chwong trinh

M& dun hoa va viéc gidi quyét bai toan
Chia bai toan I&n (module chinh) thanh cac bai
toan (module) nhé hon
M&i module thwc hién céng viéc cu thé nao do
Lap di |ap lai cho dén khi cac module 1a c6
dong va biét cach giai quyét.
=> chién thuat “Chia dé tri”



2.1 Module hoa bai toan

Main
Module

I

Module 1 I

Module 2

‘ Module 1a I

Module 1b I‘ Module 1c |

Module 2a

Hyy

I
‘ Module 3 I
[ I
‘ Module 3a I‘ Module 3b I




Module hoéa bail toan

Thiét ké Topdown — tir dinh xudng, hay tir khai
quat dén chi tiét.
Budre 1: Xac dinh di kién dau vao, yéu cau dat ra
Budre 2: Xac dinh cac cdng viéc chd yéu (mdi cdng Vviéc
twong dwong v&i 1 module)
Buéc 3: Gidi quyét tirng cong viéc mot cach chi tiét
bang cach lap di lap lai buwéc 1 + 2
Vi du Bai toéan: “Quan ly va bao tri cac ho so vé
hoc bdng cla sinh vién, thwéng ky 1ap bao cao
tong két”.




Thiét ké Topdown — Bwdc 1

Buwéc 1: Xac dinh di kién dau vao va cac
yéu cau dat ra
Pau Vao: Tap céac file bao gdbm céc thong tin vé

hoc bdng cla sinh vién: Ma SV, DiémTB, Muc
HB

Yéu cau:
Tim kiém va hién thj thdng tin ctia bat ky sinh vién
nao
Cap nhat thdng tin cia mét sinh vién cho truwéc
In ban tong két



Thiét ké Topdown — Bwdc 2

Buwdc 2: Xac dinh cac cdng viéc chu yéu
Poc cac thdng tin cua sinh vién tw file vao bd
nhé trong (Poc file)

X ly cac théng tin (X ly théng tin)
Lwu thong tin da cap nhat vao file (Ghi file)

Quan ly hoc bong

Poc file Xrely TT Ghi file




Thiét ké Topdown — Buwéc 3

Buwdce 3: Lap lai bwoc 1 + 2
Poc file:
Pau vao: File théng tin trén dia
Yéu cau: Poc file va lwu vao mang: mdi phan to
mang lwu théng tin cua mét sinh vién
Pa c6 dong
Ghi file:
Pau vao: Mang lwu théng tin clia cac sinh vién
Yéu cau; Lwu tré lai file
Pa c6 dong



Thiét ké Topdown — Buwéc 3

X ly TT
Pau vao: Mang lwu théng tin clia cac sinh vién
Yéu cau:
Tim mot sinh vién cho trwdc
Hién thi thdng tin cla sinh vién
Cap nhéat théng tin cua sinh vién
In ban téng két



Thiét ké Topdown

Quan ly hoc bong

Poc file X ly TT Ghi file
Tim SV Hién thi Cap nhat In ban
TT SV TT SV téng két
Tim theo Tim theo Tim theo
Ma SV HB piémTB




2.2 Phuwong phap tinh chinh tirng bwée
(Stepwise Refinement)

Ban dau giai thuat dwoc trinh bay & dang
ngon ng tw nhién

Chi tiét hdoa dan — tinh chinh huwéng vé
phia ngon ngtr lap trinh

Giai doan trung gian — gia ngdn ngir

Ngon ngir tw | Gia ngon ngir | Ngon ngir lap
nhién ] ] trinh




Tinh chinh tirng bwédc — Vi du

Bai toan: “Sap xép mdt day n sO nguyén theo
thtr tw tang dan”
Giai thuat:
Tw day sO nguyen chwa dwoc sap xep chonra sO nhé
nhat va dat vao dau day da duwoc sap xép
Loai s6 nguyén do ra khéi day chwa dwoc sap xép
L&p lai cho dén khi day chwa dwoc sap xép la réng

Ngon ngir tw nhién

84 |60 || 74 ][ 23]]30]]35][46]] 57 - 78

B3N 84 || 60 || 74 |28 [ 30 || 35|[46 || 57]] 78

--‘ 84 || 60 || 74 |[ 30 |[35 || 46 || 57| 78




Tinh chinh tirng buwéc — Vi du

Cau truc di liéu:
Day sb ban dau dwoc lwu trir trong mdt mang
mot chiéu
Day da sap xep sé duwoc lwu trung voi day
chwa sap xép

=> Gii thuat: Bat s6 nhd nhat cla luot thir i vao
day da sap xép = doi cho voi so thir i trong day



Tinh chinh tirng buwéc — Vi du

Tinh chinh buéc 1

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

{ V¢ > V¢ V'é
1. Xét tir a,dén a,; dé tim s6 nho nhat a
2. DOi cho a; va a

J

Gia ngén ngir




Tinh chinh tirng buwéc — Vi du

Giai thuat 1: Xét tir a, dén a._, dé tim s6 nho nhat
9
Coi a, 1a “s6 nhé nhat” (j =)
So sanh “s0 nhé nhat” va a,,;, s6 ndo nhé hon thi coi la
“s0 nho nhat” (néu a;,,< a, thi j = i+1)
Tiép tuc so sanh “s6 nhé nhat” voi a,,,, a,s, ... a4, a
Xéac dinh “s6 nhé nhat” bang cach nam dwoc chi sd cua
no
Tinh chinh buéc 1
J =5
for (k = i+1; k<n; k++)
fla, <a) =k



Tinh chinh tirng buwéc — Vi du

Giai thuat 2: B6i chd a, va a,
S dung mdt bién trung chuyén
Tinh chinh buéc 2.2
tmp = a;;
a = a;
a; = tmp;



Tinh chinh tirng buwéc
function SapXep(a, n)
/* a la mang cac s6 nguyén

n 1a s6 phan tr méng */

{
for(i = 0, i<n; [++)
{
/* 1. Tim s6 nhé nhat */
j=i;
for (k = i+1; k<n; k++)
if(a, < a)j=kt1,
/* 2. B6i cho */
tmp = a; a;= a;; a; = tmp;,
}



3. Phan tich giai thuat

Tai sao can phan tich giai thuat ?
Viét mét chwong trinh chay thdng 1a chwa du
Chuwong trinh cé thé thwc hién chwa hiéu qua!

Néu chwong trinh chay trén mot tap ,
thi thoi gian chay sé la mo6t van dé can lwu y



Vi du: Bai toan lwa chon

Cho mét day gom N s, hay tim phan to
,vOi k <N.

Thuat toan 1:

(1) Poc N s6 vao mdt mang

(2) Sap xép mang theo thi tw gidam dan

(3) Tra lai phan t& & vi tri thir k



Vi du: Bal toan lwa chon...

Thuat toan 2:
(1) Doc k phan tlr dau tién vao mang va sap xép
chung theo th tw gidm dan

(2) M®6i phan tl con lai chi doc mét 1an
Néu phan t&r do6 l1a nhé hon phan t& thi k, bé qua
Ngworc lai, dét né vao vi tri phu hop cla mang, day
phan t& hién tai ra khoi mang.

(3) Phan td tai vi tri thi k 1a phan t& can tim.

84 60 74 23 30 35 46 o7 12 78




Vi du: Bal toan lwa chon...

Thuat toan nao la tét hon khi
N =100 va k = 1007
N=100vak=17?
Piéu gi sé xay ra khi N = 1,000,000 va k =
500,0007
Codn c6 nhirng thuat toan tot hon



Phan tich thuat toan

Chung ta chi phan tich nhirng thuat toan dung
Mot thuat toan la dung?
Né'uz v&i mét div liéu dau vao, thuat toan dirng va dua
ra két qua dung
Thuat toan khong dung
C6 thé khéng dirng véi mot sé di liéu dau vao
Dirng nhwng dwa ra két qua sai

Phan tich thuat toan
Duw doan lwong tai nguyén ma thuat toan yéu cau
Tai nguyén goém
B6 nh&
Bang thdng giao tiép
Thoi gian tinh — Thoi gian thire hién GT (thwong la
guan trong nhat)



Th&i gian thuwe hién giai thuat

Cac nhan to anh hwdng dén thoi gian tinh

May tinh

Chuwong trinh dich

Thuat toan dwoc st dung

D{ liéu dau vao cla thuat toan
Gia tri cGia d liéu anh hwédng dén thdi gian tinh
Thong thwong, kich thuoc caa dirlieu dau vao la
nhan t6 chinh quyét dinh thoi gian tinh

VD véi bai toan sap xép = sO phan t&r sap xép

VD bai toan nhan ma tran = tdng s6 phan tir ciia 2 ma
tran



Po phtrc tap vé théi gian

Thuat toan A mét 2 phut dé chay v&i dir liéu dau vao X.
Thuat toan B mat 1 phut 45 giay dé chay voi cung dir liéu X.

Liéu B co phai |a thuat toan “t6t hon” ? Khéng han la nhw vay
Chi kiém tra v&i mot bo div liéu X.

Co thé voi dir liéu X nay B chay nhanh hon A,
nhwng voi phan I&n cac dir liéu khac B chay cham hon A.

Thuat toan A bj ngat béi cac tién trinh khac.

Thuat toan B dwoc chay trén may tinh cé cau hinh cao hon.

Phép do can phai khong phu thudéc vao may.

Do bang cach dem so cdc phép tinh co' sé
(nhw phép gan, so sanh, cac phép tinh s6 hoc, vv.)



Vi du

Bai toan Tinh tdng cac sb nguyén tir 1 dén n.

Thuat toan 1

int sum = 0;
for (inti=1;i<=n;i++)
sum = sum + i;

Thuat toan 2

int sum = ((n+1)*n) / 2;



Trwdng hop toi nhat / trung binh / tot nhat

Théi gian tYnh tét nhEt: Théi gian téi
thiOu C(;n thiOt ®O thuc thn thuEt to.n
vii mai bé di¥ iOu ®Cu vpo kYch th-ic
n.

Théi gian tYnh tai nhEt: Théi gian nhiOu nhEt

cCn thiOt ®0 thuc thn thuEt to.n vii mai bé
d+ [iOu ®Cu vpo kYch th-ic n.

Théi gian trung binh: cCn thiOt ®O thuc hiOn
thuEt to.n trn tEp hiru h'n c.c ®Cu vpo kYch
th-ic n.



Thaoi gian tinh phu thudc vao kich thwéc dir
liéu dau vao

Piéu quan trong doi v&i gidi thuat 13

toc do thay ddi cua thdi gian tinh khi n tang.

Thuét toan co thoi gian hang s6 néu théi gian chay cda no la khéng
ddi khi kich thwée div liéu thay doi.

Thuét toan co thoi gian tuyén tinh néu théi gian chay cta no ty &
thuan voi n.

Thuét toan co thoi gian tinh ham s6 mii néu théi gian chay tang
theo mo6t ham s6 mi cua n.



Ti suat tdng trwdng

cg(n)

f(n)

— — — - — w— —

, n

n
0 f(n) = O(g(n))

Thiét 1ap mét th tw twong ddi cho cac ham véi dau
vao n |on

3c,n,>0saocho f(n)<cg(n)khinz=n,

f(n) tdng khéng nhanh bang g(n) khi n “lén”



Khai niém O-lon

M6t thuat toan 1a O(f(n))=g(n) néu

ton tai mét hang s6 C > 0 va so nguyén n, sao cho thuat toan yéu
cau khéng vuwot qua C. g(n) phép tinh co tat ca cac dir liéu dau
vao co kich thwdc n > n,,.

Thuat toan 1 can 4n + 3 phép tinh.
int sum = 0;
for (inti=1;i<=n;i++)
sum =sum + i



Khai niém O-ldn
“ Cy(n)
/f(

- f(n)
N fin) = O(g(m)

VY

»
>

n0
O-lén quan tdm dén ti suat tang trwdng cua théi gian tinh khi n — oo.

N6 khéng quan tam khi di liéu dau vao cé kich thwée nhd

Ham g(n) trong O(g(n)) 14 ham dé so sanh v&i cac thuat toan khac



Nhac lai mot s6 ham logarit

Xx*=b < log,b=a
logab =loga+loghb

l0g_b = log. b
log,, a
loga® =bloga
aIogn — r]Ioga
log®a = (loga)® # loga”
dinx 1

dx X



Mét s6 quy tac cha O-lén

O-lén bd qua cac gia tri cé bac thap hon.
Céc bac thap hon thuwdng dwoc tinh béi

cac budc khéi tao

phép tinh don gian

O-lén khéng tinh dén hé sb nhan

bay thwong la khai niém phu thuéc vao may tinh
Khéng can chi ra co s ciia ham logarit

Hoan toan c6 thé thay dbi co sb ctia ham logarit bang
cach nhan v&i mét hang s6



Tho hang cua O-lén

O(1) th&i gian hang sb
O(log n) thoi gian logarit
O(n) thdi gian tuyén tinh
O(n log n)

O(n?) binh phwong

O(n? log n)

O(n3) ma 3

O(2") ham s6 mii n
O(n!) giai thira



Sw tang trwdng cua ham?

Thuat toan 1 2 3 4 5
Th&igian (ms.)  33n 46 nlogn 13n 2 34n 3 27
KT dau vao (n) Thoi gian thuc té
10 .00033 sec. .0015s .0013s .0034s .001s
100 .003s .03s 13s 34s 4.10 yr.
1,000 .033s 45s 13s 94hr
10,000 .33s 6.1s 22 min 39 days
100,000  3.3s 13min  15days 108 yr.
T/g cho phép Kich thwdc div liéu toi da
1 sec. 30,000 2,000 280 67 20

1 min. 1,800,000 82,000 2,200 260 26



Khai niem Omega-lon

f(n)

c g(n)

n

ny
f(n) = Q(g(n))

3¢, nyg> 0 sao cho f(n) > ¢ g(n) khi n > n,
f(n) tang khdng cham hon g(n) voi N “lon”



Khai niem Omega-lén
f(n) = €(g(n))

Ton tai mot hang s6 dwong ¢ va n, sao
cho

f(n) > c g(n) khi n > n,

Ti suat tang cta f(n) thi I&n hon hoéc bang
ti suat tang cua g(n).



Khai niém Theta-lon

n(). :
S fn) = ®(g(n)_)

Ti suat tang cla f(n) bang ti suat tang cta g(n)



Theta-Ion

f(n) = ®(g(n)) néu va chi néu

f(n) = O(g(n)) and f(n) = Q(g(n))
Ti suat tdng cua f(n) bang ti suat tang ctia g(n)
Vi du: f(N)=N2?,

Theta-l&n l1a can chat nhat co thé.



Mét s quy tac

Néu T(N) la mét da thire bac k, thi
T(N) = O(NK).

V¢&i cac ham logarit,
T(log,, N) = ©(log N).



Vi du:

f(n)=90n2+9n + 9
Do
60n2+9n+9<60n2+9n2+n2=70n2 véimoi n=>1,
Chon C1=70
60n2 + 9n + 9 = O(n2).
Do
60n2+9n+9>60n2 v&imoi n>1,
Chon C2=60
60n2 + 9n + 9 = Q2 (n2).
Do
60n2+9n+9=0(n2) va 60n2 +9n + 9 =Q (n2)
nén
60n2 + 9n + 9 = ©O(n2).



Quy tac L' Hopital

Quy tac L' Hopital
Néu limf(N)=o va limg(N)=oo

n—o0 Nn—o0

thi lim T(N) im r'(N)
mrg(N) e g'(N)

Quyét dinh ti suat tang twong ddi (s& dung quy tac L'
Hopital khi can thiét)

Tinh fim T (N)
e g(N)
U IN)=O(g(N]) v f(N) k phai 12 ©(g(N))
Hang s6 = 0:  f(N) = ©(g(N))
- f(N) = Q((N))  va f(N) k phai 12 ©(g(N))

uan hé gi




X4c dinh dé phirc tap vé thdi gian

Néu T,(n) = O(f(n)) and T,(n) = O(g(n)) thi
Quy tac tong:
T4(n) + Ty(n) = O(f(n)+g(n))
= max(0(f(n)),0(g(n)))
, = O(max(f(n), g(n)))
Quy tac nhan:

T4(n) ™ T,(n) = O(f(n) * g(n))



Xac dinh do phwc tap thoi gian
Vi vong lap
la thol gian chay cua cac cau lénh bén trong

vong Iap (ké ca I&nh kiém tra diéu kién) nhan
voi sO lan lap.

Cac vong lap 16ng nhau
for {(i=0;l<n;i++)
for (|=0;]<n;]++)
K++;

la th&i gian chay cua cau Iénh nhan véi tich
cla céc kich thwdc cua tat ca vong lap.



Xac dinh do phwc tap thoi gian
CAac cau lénh ké tiép

for {i=0;i<n;i++)
El[l] =0;
for {i=0;l<n;i++)
for (]=0;]<n;]++)
afi] += a[|]+i+];

Thwc hién tinh téng
O(N) + O(N?) = O(N?)
I¥ S1
Else S2

thdi gian cla lénh kiém tra diéu kién + thoi gian tinh 16n
hon trong S1 va S2.



Cau trac dir liéu va giai thuat

Ngwoi thwe hién: D6 Tuan Anh
Email: anhdt@it-hut.edu.vn
PT: 0989095167
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NOI dung
Chwong 1 — Thiét ké va phan tich (5 tiét)

nwong 3 — Mang va danh séach (5 tiét)
nwong 4 — Ngan xép va hang doi (10 tiét)
hwong 5 — Cau tric cay (10 tiét)

hwong 8 — Tim kiém (5 tiét)
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Chuwong 2 — Giai thuat dé quy

Khai niém

Thiét ké giai thuat dé quy
liéu Iwc cua dé quy

Pé quy va quy nap toan hoc
Pé quy quay lui




1. Khal niém

La mot ky thuat gidi quyét bai todn quan
trong trong 4do:
Phan tich doi twong thanh cac thanh phan nhé
hon mang tinh chat cua chinh doéi twong doé.
Vi du:
Pinh nghia so tw nhién:
1 1a mét s6 tw nhién
X la mot s6 tw nhién néu x-1 [a mot s tw nhién



Vidu 1 - Tinh giai thwa

Ham tinh giai thira cho mot s6 nguyén:
nNn=n*(n-1)*...%1

Dinh nghia dé quy:

1 if n=0 // diéu kién dirng

n*(n-1)! ifn>0 // bwdcdé quy



Tinh giai thwra

Pinh nghia dé quy chi ra mét cach chinh
xac cach tinh giai thwa

41 = 4 * 3l /| Bwéc dé quy (n =4)
4*(3*2!) [/ Bwéce dé quy (n = 3)
(3*(2*1)) [/ Bwéc dé quy (n = 2)
3*(2*(1*0!))) // Budcdéquy(n=1)

3*(2*(1*1))) // Didu kién ding ( n = 0)
3*(2*%1))
3*



1. Khai niém (tiép)

Giai thuat dé quy: T dwoc thwe hién bang T’ ¢

dang giong nhw T

Giai thuat dé quy phai théa man 2 diéu kién:
Phai co diem dirng: la trwdng hop co s& (suy bién) nho
nhat, dwoc thwe hién khéng can dé quy
Phai lam cho kich thwéc bai toan thu nho hon: do do
lam cho bai toan giam dan dén trwdng hop co so

Thu tuc dé quy:

C6 1&i goi dén chinh nd (dé quy trwe tiép) hodc chira IO
goi dén tha tuc khac va thi tuc nay chira 1&i goi dén no
(dé quy gian tiép)

Sau méi lan goi, kich thwdc bai toan thu nhd hon
Phai kiém tra diém dirng



Giai thuat dé quy — vi du

Tim file trong thw muc trén may tinh
Tra t trong tir dién Anh-Anh



2. Thiét ké giai thuat dé quy

3 buorc:
Théng s6 hda bai toan
Tim diéu kién dirng
Phan ra bai toan

Vi du bai toan: Tinh N!



Budc 1: Thong so hda bai toan

Tim cac thdng sb biéu thj kich thwdc cla
bai toan

Quyét dinh dé phrc tap cla bai toan

Vi du: Tinh N!

N trong ham tinh giai thira cua N



Buwéc 2: Tim diéu kién dirng

La trwdng hop giai khdng dé quy
La trwong hop kich thwdce bai toan nho
nhat
Vi du: Tinh N!
0! =1



Bwoe 3: Phan ra bai toan

Phan ra bai todn thanh cac thanh phan:
Hoac khéong dé quy

Hodc la bai toan trén nhwng kich thwéc nho
ho'n

Bai toan viét dwoc dwdi dang cdng thire
dé quy => don gian
Vi du: Tinh N!

N! = N * (N-1)!




Chwong trinh tinh giai thtra

/I Str dung dé quy
long Factorial (long n)
{
// diéu kién dirng n ==
if (n==0)
return 1;
else // buwdc dé quy
return n * Factorial (n-1);



Quan diém N-may

Ham tinh giai thira (n) cé thé dwoc xem nhu dwoc
thwee hién boi n-may:

May 4 (4 * 3!) khéi ddng may 3
May 3 (3 * 2!) khéi ddng may 2
May 2 (2 * 1!) khéi ddng may 1
May 1 (1 * 0!) khéi ddng may 0




4

|

24

Factorial(4)

N

*

3

Factorialk
/\ZA

* Factorial(2)

N

2 *

Factorial(1)

N

* Factorial(0)




Piéu kién dé quy

Phai c6 diém dirng: néu khéng sé tao thanh mét
chudi vo han cac loi goi ham

long Factorial (long n) {
return n * Factorial (n-1);

}
Phai lam cho bai toan don gian hon:

long Factorial (long n) {

i1f (n==0)
return 1;
else

return n * Factorial (n+l1) ;



Day so Fibonacci

Day sb Fibonacci:

0, 1, 1, 2, 3, 5, 8, 13, 21, 34,
trong dé méi so6 1a tdng clia 2 s dirng
tredc no.

Dinh nghia theo dé quy:
F(0) = 0;
F(l) = 1;
F(n) = F(n-1)+ F(n-2);



Fib, Fib(4)
Fiby-1 + Fiby.» Fib(3) + Fib(2)
Fibyo | 4+ |Fiby3 Fibr.l_g, + Fibl.]_4 Fib(2) | + Fibl(l) Fibl(l) + Fil?)(O)
Fib,.3 | + |Fibp4 . . Fibl(l) + Fi%(O)

(a) Fib(n) (b) Fib(4)




Day s6 Fibonacci — Tha tuc dé quy

int fib(int number)
{
if (number == 0) return 0;
if (number == 1) return 1;
return (fib (number-1) + fib (number-2));
}
int main () {
int inp number;
printf ("Please enter an integer: “);
scanf (“%d”, &inp number) ;
int intfib = fib(inp number) ;

printf ("The Fibonacci number for %d is %d\n“,inp_pumber,intfib);
return O;

}



Co ché thwc hién

Tinh fibonacci cua 4, num=4:
fib (4) :

4 == Q0 ? Sai; 4 == 17 Sai.

fib(4) = fib(3) + £ib(2)
fib(3):
3 =0 ? Sai; 3 == 1? Sai.
£fib (3) fib(2) + £ib (1)
fib (2) :
2 == 0? Sai; 2==17? Sai.
fib(2) = £ib(1)+£ib (0)
fib (1) :
1== 0 ? fai;
1 == 1? buing.
fib (1)

1,
£L£alarl1\
C ) L Nl A

int fib(int num)

{

if (num == 0) return O;
if (num == 1) return 1;
return

(fib (num-1) +£fib (num-2)) ;

Fib(4)
Fib(3) + Fib(2)
I 4 A | 4 b
Fib2) | + |Fib(1)  Fib(1) | + | Fib(0)

l l 0

Fib(1) | + |Fib(0)




Co ché thuc hién

£fib (0) :

fib(0) = O0;

fib (0) ;

£ib (2) + 0 =1;
2

1
ib(2);
£ib (3) 1 + £fib (1)
fib(1l) :
1 == 0 ? Sai;
1 == 1? bung
fib(1) = 1;
fib (1) ;
fib(3) =1 + 1 = 2;
fib (3)

4 Il

F1b(3)

/\

F1b(2)

A\

F1b(l)
l

Fib(1) Flb(o)

F1b(l)
l




Co ché thuc hién

£fib(2) :
2 == 0 ? Sai; 2 == 1? Sai.
fib(2) = £fib(1) + £ib(0)
fib (1) :

1==0 ? Sai; 1 == 1? bung.

fib(1) = 1;
fib (1) ;
fib(0) :
0 =07 bung.
fib(0) = 0;
£fib (0) ;
fib(2) =1 + 0 = 1;
fib(2) ;
fib(4) = fib(3) + fib(2)
=2 + 1 = 3;
fib (4) ;

Fib(2) | 4+

Fib(1)

Fib(4)

Fib(3)

Fib(0)
0

Fib(1)

' 4
Fib(1)

Q
Fib(2)
b
+ | Fib(0)

0



Tha tuc dé quy tong quat

Ham dé quy (DS tham s0) {
(thda man diéu kién dirng)
gia tri dwng tuong Wng;

ham dé quy (tham sO suy giam)



Bai toan thap Ha NOI

Cot 3

Ban dau:  “Otf Cot2
| |
| |
| |
| |
Kétthae: || ©1 Cot2




Giai thuat dé quy

1. Chuyén n — 1 dia tir cot 1 sang cot 2

I 1 ! 2 I 3
[ ] [ ]
2. Chuyén dia dwdi cung tr cdt 1 sang 3

I 1 ! 2 I 3
[ ] [ ]
3. Chuyén n-1 dia tr cot 2 sang cot 3

1 2 3
[ ]

[ ]




Thu tuc dé quy

/I chuyén n dia t&r cdt nguon sang cét dich
// str dung mét dia trung gian
void hanoi (int n, int cot1, int cot3, int cot2)
{
if (n>0)
{
hanoi(n-1, cot1, cot2, cot3);
Chuyen_dia(n, cot1, cot3);
hanoi(n-1, cot2, cot3, cot1);

}



Co ché thuwc hién

hanoi(n, cot1, cot3, cot2)
hanoi(2, 1, 3, 2)

hanoi(0, 1, 3, 2)

“Chuyén dia 1 tlr ¢6t 1 sang
hanoi(0, 3, 2, 1) }

1

“Chuyén dia 1 tlr cot 2 sang (
hanoi(0, 3, 1, 2)

( |




Cay qé quy trong trwong hop
chuyen 3 dia

hanoi(3, 1, 3, 2)

hanoi(2, 1, 2, 3) :::;::::é/

noi(2,2,3,1)

\‘

hanoi(1, 1, 3 ( kha Om:ai 01.()1 . / \
\‘ / \ JIN N
/ ®

hanoi(0,1,2,3) hanoi(0,3,1,2) hanoi(0,2,3,1) hanoi(0,1,2,3)
hanoi(0,2,3,1) hanoi(0,1,2,3) hanoi(0,3,1,2) hanoi(0,2,3,1)




4. Hiéu qua cua giai thuat dé quy

Nhuwoc diém:
Ton khéng gian nhé
Toc dd cham
Uu diém: don gidn, ngan gon, dé viét code
M6t sb gidi thuat dé quy ciing ¢6 hiéu lwc cao, vi du
nhw Quick sort
Moi giai thuat dé quy déu cé thé thay thé bang
mot giai thuat khéng dé quy (s dung vong lap)



Gol ham va BO nh¢& Stack

Runtime stack: khi ham dwoc goi, mot vung nh¢ trén stack
dwoc st dung dé lwu triv: cac tham so, dia chi tré vé cua ham

. X . N
Bién dia
phuwong
~ : >

Activation D!? CQ' > Activation Frame
Record 2 tro vé
Cac tham sb
_ J




Pé quy va Stack

- - Stack
duoc
b b i
IBlllclclc IplbplD phat
[AalAlAlAl Al Al A DDDDD_ﬁgﬁd“’
MM MIMIMI MMM MIMI MMM MM T
Thoi gian —

Céc cot theo chiéu doc chi ra ndi dung cua stack tai mot thoi diém, va sw thay doi
cua stack khi goi ham va thoat khoi ham



Cay lol goi ham

Bat déu Két thuc
Cay goi ham tuong
duwong

b



Goi ham va dia chi tr& vé

long Factorial (long n)
~ F(<DS tham s0 thuc>) { int temp:
<|énh tiép theo> h if (n == 0)
return 1;// giai phong activation recor
else
.| F(<DS tham so { /I d4y activation record cla
hinh thirc>) //' 1o goi Factorial(n-1)
. temp = n * Factorial (n-1);
<return> - ReclLoc2 *
void main () return temp; // giai phdng activation
{ // record
int n; }

/| day activation record cua Factorial(4) 1}
/I vao Stack
n T Factorial(4);

} ReclLoc1



Factorial(4) va Stack

tham_sO dia_chi tra_vé

Factorial(0)

Factorial(1)

Factorial(2)

Factorial(3)

Factorial(4)

0 RecLoc2
1 RecLoc2
2 RecLoc2
3 RecLoc2
4 RecLoc1

Lénh trwdc khi tra vé

temp=1*1; //11tr Factorial (0)
return temp;

temp=2*1; //11tw Factorial(1)
return temp;

temp =3 *2; //21tr Factorial(2)
return temp;

temp =4 *6; // 6t Factorial(3)
return temp;

N = Factorial(4); // quay lai main



Khtr dé quy
Ham tinh giai thwwa khong dé quy

// St dung vong lap

long Factorial (long n)

{
long prod =1; //0!=1
/[ tinh tich =1%2* ... *n
for(i=1; i <n+1; i++)

prod * =i;

return prod;



Ham tinh Fibonacci khong dé quy

int fib(int n)
{
int f[n+1l];
£[0] = 0; £[1] = 1;
for (int 1=2; i<= n; i++)
f[i] = £[i-1] + f£[i-2];
return f[n];

}



4. Pbé quy va Quy nap toan hoc

Chng minh tinh dung dan cla giai thuat
Factorial



Panh gia giai thuat Thap Ha ndi

Goi f(n) 1a s6 1an chuyén dia can thiét dé chuyén n dia tw
cot 1 sang cot 3.

f(1) = 1;

fn)=2*fn—1)+1,  ifn>1
Dy doan: f(n)= 2*f(n—-1) + 1

22 *fn-2)+ 2+1

21 Ff(1)y+ ...+ 2+ 1
21+ 202+ L+ 2+ 1
2" —1

Chi'ng minh?



Chirng minh bang quy nap
f(1)=21-1=1
Gia st dung v&in =k
f(k) = 2k — 1
f(k+1) = 2*f(k) +1
= 2%(2k — 1) + 1
= 21 -1 => Cbng thirc dung
Céac nha sw phai chuyén 64 dia. Gia s&» mdi 1an chuyén mat 1

gidy, cac nha sw s& phal mat 5 * 10" nam = 25 1an tudi cla v
tru. Khi chuyén xong chéng dia thi da dén ngay tan thé!



5. D€ quy quay lui (back tracking)

Bai toan 8 con hau: “Hay xép 8 con hau trén ban
co 8x8 sao cho khong co con hau nao co thé an
con hau nao’



Pé quy quay lul

Phuong phap “thtr tieng bwéc”
Thr du doan
Néu dy doan la sai, quay tré lai va thir dw doan khac =>
quay lui
Dé dang thé hién phwong phap quay lui bang dé
quy
Cac bién trang thai cia ham dé quy duoc lwu trir trén
Stack
Quay lui lai trang thai ban dau < Quay tré lai ham
trwdc A6 (ham goi ham hién tai)



Bal toan 8 con hau

Giai thuat 1:
Th 1an lwot tat ca cac trwdng hop tng véi moi
vi tri cua 8 con hau
Sé phép thir = 64*63*...*58*57
=178,462,987,637,760



Bai toan 8 con hau

g
7 :
A 6 ;
Nhan xet: ", :
Moi cot phai co 1 con hau 4“\ i
Con hau 1 nam trén cot 1 S
cETT SRS R
. 2 ‘;' : s“
Con hau j nam trén cot | 1 Jrae. ..
Con hau 8 nam trén cot 8 1 2 3 45 6 7 8

Cac con hau phai khdng cung hang
Céc con hau phai khdng nam trén dwéng chéo cla nhau



Bail toan 8 con hau

Bai toan: Con hau th( j nam trén cot j
1/Y1, 2/Y2, 3/Y3, 4/Y4, 5/Y5, 6/Y6, 7/Y7, 8/Y8]
_wa chon hang cho trng con hau dé& méi con hau
KhOng an nhau
Giai thuat:

Thr 1an lwot tieng vi tri hang cha con hau 1 (1-8)

V&i ting vi tri cua con hau 1

Thtr lan lwot tieng vi tri hang cua con hau 2

V&i tirng vi tri cua con hau 2
Tht 1an lwot tieng vi tri hang clia con hau 3




Giai thuat

function Try (column) {

for (row = 1; row <= 8; row++) {
if ( [row, column] Ia an toan) {

A

hau vao vi tri [row, column];

S
ket qua ok o i conri iy
Try (column + 1);

Xba con hau khai vi tri [row, column];

else




>

Kiém tra An toan




Thiét ké dir liéu

int pos[] : lwu vi tri cda con hau
pos[column] = row < c6 con hau tai vi tri (row, column)
bool rowFlag[] : lwu trang thai cua cac hang
rowFlag[i] = false < khéng c6 con hau nao chiém hang i
bool rowPlusColl[] : Iwu trang thai cua cac duwdng
chéo x+y (2 < x+y <10)
rowPlusCol[x+y] = false < khéng c6 quan hau nao chiém
dwong chéo x+y
bool rowMinusCol[] : lwu trang thai cua cac dwdng
chéo y-x (-7 Sy-x<7)
rowMinusCol[y-x] = false < khéng ¢ quan hau nao chiém
dwong chéo y-x




Kiém tra an toan cla vij tri
[row, column]

Hang row chwa bj chiém
rowFlag [row] == false ?

Puwdng chéo row+column chwa bj chiém
rowPlusCol [row+column] == false ?

Puwdng chéo row-column chwa bj chiém
rowMinusCol [row-column] == false ?



Pat con hau vao vi tri [row, column]

Lwu vi tri cua con hau
pos[column] = row

Panh dau hang row da bj chiém
rowFlag[row] = true

Panh dau dwdng chéo row+column da b
chiém

rowPlusCol [row+column] = true
Panh dau dwdng chéo row-column da bj
chiém

rowMinusCol [row-column] = true



Xoa con hau khai vi tri [row, column]

Xoa vij tri cua con hau
pos[column] = -1

Panh dau lai hang row chwa bj chiém
rowFlag[row] = false

Panh dau lai dwéng chéo row+column
chwa bj chiém

rowPlusCol [row+column] = false
Panh dau lai dwdng chéo row-column
chwa bj chiém

rowMinusCol [row-column] = false



In két qua

function PrintSolution(int pos|])
{
for (int col=1; col<=8; col++)

printf(“Con hau thu %d nam tai hang
%d”, col, pos|col] );



function Try (int column) {
for (row = 1; row <= 8; row++) {
if (IrowFlag [row] && !rowPlusCol [row+column] &&
IrowMinusCol [row-column] ) {

pos[column] = row;

rowFlag[row] = true;

rowPlusCol [row+column] = true;
rowMinusCol [row-column] = true;

if (column == 8)
PrintSolution(pos);
else
Try (column + 1);

pos[column] = -1;

rowFlag[row] = false;

rowPlusCol [row+column] = false;
rowMinusCol [row-column] = false;



Cau trac dir liéu va giai thuat

Po6 Tuan Anh
Email: anhdt@it-hut.edu.vn
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Chuwong 3 — Mang va Danh sach

Mang

Danh sach

M6t s6 phép toan trén danh sach ndi don
Cac dang khac clia danh sach méc noi

S dung danh sach moc ndi — Vi du bai
toan cong da thuc



1. Mang

Mang:
S6 phan tir cd dinh
Kich thwdc mot phan tor cd dinh
Céac phan t& mang phai cung kiéu
Truy cap ngau nhién (theo chi sb)



Mang: SO phan t& c6 dinh

Kich thwdc mang sau khi khai bao 1a c6 dinh

Vi du:
void notAllowed ();
{

Int size;

Int arr[size]; /* khong duoc phép, kich
thudc mang phai la hang sO
xac dinh*/

printf(“‘Enter the size of the array: “);

scanf(“%d”, &size);

}



Cau truc lwu trir cia mang

double x[50];
x[0] | x[1] | x[2] | X[3] e X[49]
addr addr + 49 * sizeof(double)

Méng duoc luu trir ké tiep => truy cap ngau nhién st dung
chi s6 => toc dd truy cap tat ca cac phan t la nhw nhau



Mang nhiéu chiéu
double a[5][5];

Ma tran (mang 2 chiéu) 1a

a[0] aoi[0]ja[0]1]a[0][2] a[0][4] mét mang ma mdi phan toy

a[1] a1 10]la111] la mot mang, mot chleu
C lwu trlr mang nhiéu
chiéu theo tho tw wu tién
hang — mo6i phan t&r 1a mét

a[4] al41l0] al4lia] ha»ng Y Y =
Mang nhiéu chiéu van
dwoc lwu trir ké tiép nhw
mang mét chiéu

a[0][0]| a[0][1]| a[0][2] | a[0][3] | a[0][4] a[4][3]| a[4][4]
addr addr + (i*5+j)*sizeof(double)



2. Danh sach

Danh sach nhirtng ngwdi dén kham bénh
Ban dau chwa co ai
C6 nguwdi méi dén
Cé nguwdi kham xong di vé

(Tao hinh anh dong tai day)



Danh sach tuyén tinh

Element1 f==--- Element2 |-----

M6t chudi cac phan to

Element 3

Element 4

Ton tai phan tlr dau va phan t& cudi
M&i phan t&r co phan t& trwdc va phan tir

Sau




Danh sach tuyén tinh
SO phan t& bién doi
Mot phan t&r thwdrng 1a mét cau trac
(struct)

Thao tac thwdng xuyén nhat
Thém phan to
Xba phan tor

Cac thao tac khac:
Tim kiém
Ghép 2 danh sach
Tach 1 danh sach thanh nhiéu danh sach
Sao chép danh sach
Cap nhat



Phan loai danh sach tuyén tinh

Linear
lists
‘ General I ‘Restrictedl

‘ I ‘ I FIFO LIFO
Unordered Ordered (queue) (stack)

Nguén: Data Structures : A Pseudocode Approach With C
by Richard F. Gilberg, Behrouz A. Forouzan



Thém mot phan t& moi

list

10 ---- 20  |---- 30

AN /

data \‘
25 >‘ Insertion I

\ tnserted data l
list

/ /

10 pe--- 20 - 25  f--- 30




Tim mot phan tr

list

cat - - J dog  |---- goldfish  [===--+ zebra

7
Retrieved element l
identified by search
Retrieval
dog

list

cat p---- dog |---- goldfish |----- zebra




Xda mdt phan t&r khéi danh sach

Delete element
identified search

list

blue  }---- green  |=--- red

Deletion red

list

blue  |-==-- green  |===-1 yellow




Lwu trr danh sach lién két

Lwu trir ké tiép st dung mang
Lwu trdr méc noi



2.1 Danh sach - Lwu tri ké tiép

S¢r dung mang 1 chiéu
Tim kiém dé dang (tuan tw hoac tim kiém
nhi phan)
Duyét cac phan tir dé dang s dung chi
SO:
for(i = 0; 1 <= N; ++1i)
if(af[i]) ..
Thém va x6a KHONG dé dang

Danh sach thuwdng xuyén thém bét phan
tir => Khéng biét tridc s6 phan tw



Lwu trik ké tiép - Thém mot phan tor

123

125

135

155

i 161
166 ™

ﬂ’ 167<

167<
169

N 177<

178

165

Thém mot phan t thdri vao
mang
- Chuyén cac phan tur
i->n xuong cac vi tri
i+1 ->n+1
- Thém phan tuU can
thém vao vj tri th i



Lwu trir ké tiép - Xda mét phan tir

123

125

135

155

161

167

167

169

177

178

X6a mot phan tdr thd i khoi
mang
- Chuyén cac phan tur
i+1->n vao cac vij tri
| -=>n-1



Khéng hiéu qua

Viéc lwu trir lién tiép = thao tac thém va xoa khong
hiéu qua (dich chuyén phan to).

21|56 43 | 22
Txéa 21
n/2 1an dich chuyén (trung
v | v v | b‘lnh)
56 | 43 | 22

! Them 67 sau 56

56

67

43

22

Thoi gian tinh: O(n)

Cac thao tac thém va xoa co thoi
gian chay la O(n).



Lwu trir ké tiép

Uu diém: truy cap nhanh (ngau nhién, thoi
gian truy cap moi phan t& 1a nhw nhau)
Nhuwoc diém:
Viéc thém, bét phan tir rat kho khan (phai dich
chuyén nhiéu phan ttr khac)

T6n bd nhé, cap phat nhiéu hon can thiét dé
gitr cho



2.2 Danh sach méc noi

Head
] i e e
Mot la mdt chudbi cac
phan tr, goi la dwoc moc ndi voi nhau

M&i nut phai bao gom
node

Méc ndi (dia chi) téi nat

data next

tiép theo trong danh sach
. con tré trd dén nat dau tién
Nut cudi cung tré dén NULL



T6 chirc danh sach moéc noi
Nut = dir lieu + méc noi

Pinh nghia:

typedef struct node {
int data;
struct node *next;

}Node;
head 99

Tao nut moi: data next data next

Node* p =

malloc (sizeof (Node)) ;
Giai phéng nut:
free(p);



Nut — Phan t¢r ciia danh sach

numberP

grdPts .—)

A node with A node with
one data field three data fields
name id
A structure
In a node
name | address | phone .—%»

Ngubn: Data Structures : A Pseudocode Approach With C

by Richard F. Gilberg, Behrouz A. Forouzan



Khoi tao va truy cip danh sach méc noi

Head

B [ 20 - [45 - [75 - [85

Khai bao mot con tro

Node* Head;

Head |a con tr trodén nut dau aia danh séach.
Khi danh sach rong thi Head = NULL.



3. Mot sb thao tac v&i danh sach ndi don

"hém mot nut mai tai vi tri cu thé
'Im nut co gia tri cho trwéc

Xo0a mot nut co gia tri cho trwoc
Ghép 2 danh sach ndi don

Hay danh sach ndi don




Truyén danh sach méc ndi vao ham

Khi truyen danh sach moc ndi vao ham,
chi can truyén Head.

S dung Head dé truy cap toan bé danh
sach
Note: néu ham thay ddi vi tri nut dau caa

danh sach (thém hodc xda nut dau) thi
Head sé& khong con trd dén dau danh séch

Do dé nén truyén Head theo tham bién
(hoac tra lai mot con tré maéi)




Thém mot nut mo

Cac trwdng hop cua thém nut

ném vao danh sach rong
hém vao dau danh sach
hém vao cudi danh sach

ném vao gilra danh sach

Thwce té chi can xét 2 trwdng hop

T

T
T

hém vao dau danh sach (TH1 va TH2)
ném vao gilra hoac cudi danh sach (TH3 va

14



Thém vao danh sach réng

Head = E

Node* newNode;

newNode
malloc (sizeof (Node)) ;

newNode->data = 20;
newNode->next = NULL;
Head = newNode;




Thém mot nat vao dau danh sach

newNode = malloc(sizeof (Node)) ;
newNode->data = 13;
newNode->next = Head;

Head = newNode;

- E

Head
13 W

_newNode




Thém mét nut vao gitra/cudi danh séch

newNode = malloc (sizeof (Node)) ;
newNode->data = 13;
newNode->next = currNode->next;

currNode->next = newNode;

= (50 (@] ] 20

13 ]




Thém mot nut mo
Node* InsertNode (Node* head,

index, X)
Thém moét nut méi véi div liéu [a X vao sau nut thir 1ndex.

Néu thao tac thém thanh céng, tra lai nut dwoc thém.
Nguworce lai, tra lai NULL.

Giai thuéat
Tim nut thr Index — currNode currNode
Tao nut moi

Moc ndi nut méi vao danh sach

newNode->next = currNode->next; .:l
currNode->next = newNode; newNode




Duyét danh sach moc nd

currNode = Head;

B (20 | [es] |
]

currNode = currNode->next;

B (20 | [es] |
]




Tim currNode

Thém mot nut méi vao sau nut thtr index.

currIndex = 1;
Node* currNode = head;

(currNode && index > currlndex)

currNode = currNode->next;

currIndex++;



Thém mot nut mo

Node* InsertNode (Node* head, index, Tim nut tl“{IU’ ~
(index < 0) NULL; index. Néu khong
tim thay, tra lai
currIndex = 1; NULL.
Node* currNode = head;
(currNode && index > currlndex) {
currNode = currNode->next;
currIndex++;
}
(index > 0 && currNode == NULL) NULL;
Node* newNode = (Node*) malloc(sizeof (Node)) ;
newNode->data = X;

if (index == 0) {
newNode->next head;
head = newNode ;

}

else {

newNode->next currNode->next;
currNode->next = newNode;

}

return newNode;



Thém mot nut mo

Node* InsertNode (Node* head, index, x) {
(index < 0) NULL;
currIndex = 1;
Node* currNode = head;

(currNode && index > currlndex) {

currNode = currNode->next;
currIndex++;
}
(index > 0 && currNode == NULL) NULL;
Node* newNode = (Node*) (sizeof (Node)) ;
newNode->data = X; \\\\\\
1f (1ndex == 0) {
newNode->next = head; _
head newNode ;

}

else {

newNode->next
currNode->next =

}

return newNode;

currNode->next;
newNode;



Thém mot nut mo

Node* InsertNode (Node* head, index, x) {
(index < 0) NULL;
currIndex = 1;
Node* currNode = head;

(currNode && index > currlndex) {

currNode = currNode->next;
currIndex++;
}
(index > 0 && currNode == NULL) NULL;
newNode->data = X;

(index == 0) { head
newNode->next = head; H.E_.
head = newNode;

}
else | = |

newNode->next
currNode->next =

}

return newNode;

currNode->next;
newNode;

newNode



Thém mot nut moi

Node* InsertNode (Node* head, index, x) {
(index < 0) NULL;
currIndex = 1;
Node* currNode = head;

(currNode && index > currlndex) {
currNode = currNode->next;
currlndex++;

}

(index > 0 && currNode == NULL) NULL;
Node* newNode = (Node*) (sizeof (Node)) ;
newNode->data = X;

(index == 0) {
newNode->next
head =

head;

wSEn! Thém vao sau currNode
currNode
newNode->next currNode->next; .__"_'l"F—>

currNode->next = newNode;

} B ]
newNode;

} newNode




Tim nut
FindNode( X)

Tim nut co gia tri X trong danh sach.
Néu tim dworc tra lai vj tri cla nat. Néu khéng,

tra lai O.
FindNode (Node* head, x) {
Node* currNode = head;
currlndex = 1;
(currNode && currNode->data '= x) {
currNode = currNode->next;
currlndex++;
}
(currNode) currIndex;

0;



Xoa nut
DeleteNode( X)

Xba nut cé gia tri bang x trong danh séach.

Néu tim thay nut, tra lai vi tri cGia nd. Néu khéng, tra
lai 0.

Giai thuéat

Tim nut co6 gia tri x (twong tw nhw FindNode)

Thiét 1ap nat truée clia ndt can xé6a ndi dén ndt sau

cla nut can xo6a

Giai phong bé nh& cap phat cho nut can xéa
Giong nhw InsertNode, co 2 trwdng
hop

NUt can xoa la nat dau tién clia danh sach

Nut can x6a nam & gitra hoac cudi danh sach



X6a nut dau danh sach

head = currNode->next;

free (currNode) ;

85




Xda nut gitra/cudi danh sach

= [0 |

prevNode->next = currNode-
>next;
free (currNode) ;
45 75 i 85 i
L] L]



Xoa mot nut

Tim nat cé gia tri bang x

DeleteNode (Node*& head, x) {
Node* prevNode = NULL;
Node* currNode = head;

currIndex = 1;

(currNode && currNode->data !'= x) {
prevNode = currNode;
currNode = currNode->next;
currlndex++;

}

if (currNode) {

if (prevNode) {
prevNode->next = currNode->next;
free (currNode) ;

}

else {
head = currNode->next;
free (currNode) ;

}

return currlndex;

}

return 0;



Xoa mot nut

DeleteNode (Node* head, x) {
Node* prevNode = NULL;
Node* currNode = head;
currIndex = 1;
(currNode && currNode->data !'= x) {

prevNode = currNode;
currNode = currNode->next;
currIndex++; prevNode currNode

} "R Ef ey
(currNode) {

(prevNode) ({
prevNode->next = currNode->next;

free (currNode) ;

}

else {
head = currNode->next;

free (currNode) ;

}

return currlndex;

0,



Xoa mot nut

DeleteNode (Node* head, x) {
Node* prevNode = NULL;
Node* currNode = head;

currIndex = 1;

(currNode && currNode->data !'= x) {
prevNode = currNode;
currNode = currNode->next;
currlndex++;

(currNode) {
(prevNode) {

prevNode->next = currNode->next;
(currNode) ;
}
{
head = currNode->next;
(currNode) ;
}
currlndex;
} head currNode

0; 3,.2 .,E




Huay danh sach
DestroyList(Node* head)

S& dung ham hady dé giai phong bd nhé dwoc cap
phat cho danh sach.
Duyét toan bd danh sach va xéa lan Iwot tieng nut.

DestroyList (Node* head)

Node* currNode = head, *nextNode = NULL;

(currNode '= NULL)
{
nextNode = currNode->next;
(currNode) ;

currNode = nextNode;



In toan bd danh sach

DisplayList (Node* head)
In di¥ liéu cla tat ca cac phan tr

DisplaylList (Node* head)

num = 0;
Node* currNode = head;
(currNode !'= NULL) {
printf (*%d \n”, currNode->data) ;
currNode = currNode->next;

num++;



St dung danh sach

int main (void)

{

Node* head = NULL;

InsertNode (head, 0, 7); // thém vao dau danh sach
InsertNode (head, 1, 5); // thém wvao sau phén tlr dau
InsertNode (head, -1, 5); // khéng thém duoc
InsertNode (head, 0, 6); // thém vao dau danh sach
InsertNode (head, 8, 4); // khéng thém duoc
DisplayList (head) ; // in danh sach

DeleteNode (head, 7); // xb6a nut cbé giad tri = 7
DisplayList (head) ; // in danh sach

DestroyList (head) ; // huy toan bd danh sach

return 0;



So sanh mang va danh sach lién két

Viéc lap trinh va quan ly danh sach lién
két khé hon mang, nhwng né co nhirng
wu diém:
Linh dong: Qanh sach lién két cé kich thwdce tang
hoac giam rat linh déng.

Khéng can biét trwéc cd bao nhiéu nut trong danh
sach. Tao nat mai khi can.

Nguwoc lai, kich thwée clia mang 1a co dinh tai thdi gian
bién dich chwong trinh.

Thao tac thém va xéa dé dang
Dé thém va x6a mét phan t& mang, can phai copy dich
chuyén phan ttr.
Véi danh sach méc noi, khéng can dich chuyén ma chi
can thay doi cac moc noi



Cac dang khac cua DSLK

Danh séch noi vong
Nut cudi cung ndi dén nut dau tién cda danh

sach

Head

Khi ndo thi két thuc duyét? (kiém tra
currNode == head?)

h




Cac dang khac cua DSLK

Danh séch nbi kép
M&i nat khong chi ndi dén nat tiep theo ma con
noi dén nut trrrdc no
C6 2 mbi ndi NULL - tai nat dau va nuat cudi
cua danh sach
Uu diém: tai mot nat cd thé tham nut trwde no
mot cach dé dang. Cho phép duyét danh sach
theo chiéu nguwoc lal

:ﬂﬂ.::ﬂn@




Danh sach ndi kép

M6i nut ¢ 2 moi noi
prev ndi dén phan ti tredc
next ndi dén phan t& sau

/|10 20 | 40

Head
currNode->prev  .,rrNode

55

70

currNode->next




Pinh nghia danh sach ndi kép

typedef struct Node{
int data;
struct Node* next;
struct Node* prev;
}Node;



Thém nut

Thém nut New nam ngay trudc Cur
(khéng phai nut dau hoac cudi danh sach)

New->next = Cur;
New->prev = Cur->prev;
Cur->prev = New;

(New->prev) ->next = New;

x Ts[] [T

Head 140

Cur

New



Xoa nut

Xda nut Cur (khéng phai nut dau hoac

cudi danh séach)
(Cur->prev) ->next
(Cur->next) ->prev

free (Cur);

/|10

20

40

Cur->next;

Cur->prev,;

55

70

/




Danh sach ndi kép v&i nat dau gid
Danh sach khéng rong

10 20 40 55

Danh sach rong

70



Tao danh sach nodi kép réng

Node* Head = malloc
(sizeof (Node)) ;

Head->next = Head;
Head->prev = Head;




Xoa nut

NGt Cur can xda nam ti dau danh sach
(Cur->prev) ->next = Cur->next;
(Cur->next) ->prev = Cur->prev;

free (Cur);

| |10 20| | 1 |40 55




NUt cin x6a nam égiia danh séch

(Cur->prev) ->next
(Cur->next) ->prev

free (Cur);

Nut diu gia

10

= Cur->next;

= Cur->prev;

20

T 140

Head

55

70

Cur




NUt cin x6a nam tai cudi danh sach

(Cur->prev) ->next = Cur->next;

(Cur->next) ->prev Cur->prev;

free (Cur);

Nut dau gia

|10 20 | {40 55 70

Head Cur



volid deleteNode (Node* Head, int
x) {

Node* Cur;
Cur = FindNode (Head, x);
if (Cur !'= NULL) {

Cur->prev->next

Cur->next;

Cur->next->prev Cur->prev;

free (Cur);



Thém nut

Thém nut New vao sau nut gia (dau danh
sach) va trwécnut Cur

New->next = Cur;
New->prev = Cur->prev;
Cur->prev = New;

(New->prev) ->next = New;

Nut gia

20

{10

Head New Cur



Thém vao gitaDS
Thém nut New vao trusc nut Cur
New->next = Cur;
New->prev = Cur->prev;
Cur->prev = New;

(New->prev) ->next = New;

Nut gia

110 20| | 55

40

Head New Cur



Thém vao cudi DS

Thém nut New vao cuwi DS (ltic nay Cur
tré vao nut gc|a2

New->next
New->prev = Cur->prev;
Cur->prev = New;

(New->prev) ->next = New;

Nut gia

Cur Head New



Thém vao DS rong

Thém New vao danh sach ong (Cur tr
vao nut gia)

New->next = Cur;

New->prev = Cur->prev;

New;

Cur->prev

(New->prev) ->next = New;

NMTLT 20

Head Cur New




void insertNode (Node* Head,
Node *New, *Cur;

int

New = malloc (sizeof (Node)) ;

New->data = item;
Cur = Head->next;
while (Cur '= Head) {
i1f (Cur->data < item)
Cur = Cur->next;
else
break;
}
New->next = Cur;
New->prev = Cur->prev;

Cur->prev New;

(New->prev) ->next = New;

item) {



5. Str dung danh sach moc noi

Bai toan cong 2 da thuec:
5x* + 6x° + 7
+ 2x3 — 7Tx? + 3x
= bBx*+8x3-7x?+3x+7

Moi nUt clia danh sach:

coef exponent next

nut




Figure 3-38

Biéu dién da thirc

poly1

5x% + 6x3 + 7

i

-

poly2

i

6

]

2)(3 — 7x2+ 3X

2

]

-/

d

3

5x4 + 8)(3— 7)(2 + 33X+ 7

result

N

54.—>

8

d

—7

d

3




typedef struct poly{
float hs;
float sm;
struct poly *nextNode;



Cau trac dir liéu va giai thuat

Po6 Tuan Anh
anhdt@it-hut.edu.vn




NOI dung

OO0 000000

hwong 1 — Thiét ké va phan tich (5 tiét)
hwong 2 — Gidi thuat dé quy (10 tiét)
nwong 3 — Mang va danh séach (5 tiét)
nwong 4 — Ngan xép va hang doi (10 tiét)
hwong 5 — Cau tric cay (10 tiét)

hwong 8 — Tim kiém (5 tiét)

hwong 7 — Sap xép (10 tiét)

hwong 6 — DO thi (5 tiét)



Chwong 4 — Ngan xép va hang doi

Dinh nghia Stack

Lwu trir ké tiép véi Stack (st dung mang)
U’'ng dung cla Stack

Pinh nghia Queue

Lwu trir ké tiép v&i Queue (s dung mang)
U’'ng dung ctia Queue (not yet)

Lwu trdr méc ndi voi Stack

Lwu trir méc ndi voi Queue (bai tap)

Stack va cai dat dé quy (not neccesary)



1. Pinh nghta Stack

Hai danh sach tuyén tinh dac biét:
Ngan xép — Stack
Hang doi — Queue
Stack: 1a danh sach ma xéa va thém phan
t&r bat budc phai cung dwoc thuc hién tai
mot dau duy nhat (dinh)
Push ] top

B

P Pop

— Po
top - [
oo (G




Vi du clia Stack trong thuc té

A stack of
cateteria irays

A stack o
neatly 1olded shirts




r

Vi du cua Stack trong thuwc té

Top

étack of books

Computer stack

e Stack 1a mét cau trac LIFO: Last In First Out



Cac thao tac co ban trén Stack

Push
Thém mot phan t
Tran (overflow)
Pop
Xda mot phan toy
Underflow
Top
Phan t& dinh
stack réng

Kiém tra rbng/day




Push

Top

[ ]
[ ]

Data

/7

Stack

Push

Operation

jii

Stack

hém phan t&r méi vao dinh stack

Top



Pop

Data

Top Pop >

il

[ 1
1

Operation

Stack Stack

Rut mét phan tl ra khdi dinh stack



Top

Data

Top Top

> | Stack top >

i
i

Operation

Stack Stack

Kiém tra phan t& dinh. Stack khéng thay
doi



Push/Pop Stack

Stack rong thém mot phan tor
top
top — A

Thém mot phan tir khac

Lay mot phan tir ra khoi Stack

2.



Lwu trlr Stack

2 cach lwu trir:
Lwu trir ké tiép: st dung mang
Lwu trlr moc ndi: s dung danh sach moc noi



Lwu trir Stack bang Mang

Stack dwoc lwu trir nhu mot mang
S6 cac phan ti gi¢i han

Figure 4-20
_ i stackAry count stackMax top
Top  IRE 5 | |2
~
— /
I | I N |
— 0 [ 2 B [4]

(a) Conceptual

(b) Physical array




Cau truc dir liéu
/* Stack clla ciac sO nguyén: intstack */

typedef struct intstack {
int *stackAry;/* mang luu tri® cac phan tir */
int count; /* sO ptlr hién cé clla stack */
int stackMax; /* gi®i han Max cla sO ptlr */
int top; /* chi sO0 cla phan ti dinh */
}IntStack;



Tran va Can

"¢ Can (underflow) xay ra khi c6 gang rut phan tl tir stack rong

‘ » Pop

' Tran (overflow) xay ra khi day thém phan ti vao stack dang day

e

11




Push

int PushStack (IntStack *stack,
int datalIn) {
/* Kiém tra tran */
if (stack->count == stack->stackMax)
return 0O;

/* Thém phan t vao stack */
(stack->count) ++;
(stack->top)++; /* Tang dinh */
stack->stackAry|[stack->top] =dataln;
return 1;

} /* pushStack */



Pop

int PopStack (IntStack *stack,
int *dataOut) {
/* Kiém tra stack rong */
if (stack->count == 0)
return O;

/* Lay gid tri phan t bi loai*/
*dataOut=stack->stackAry|[stack->top];
(stack->count) --;
(stack->top)--; /* Giam dinh */
return 1;

} /* popStack */



Top

/* Lay phan tl dinh cla stack
Trd lai 1 néu thanh céng;
0 néu stack rong
dataOut chlra két qua */
int TopStack (IntStack *stack,
int* dataOut) {
if (stack->count == 0) // Stack rong
return O;
*dataOut = stack->stackAry|[stack->top];
return 1;
} /* stackTop */



Kiém tra réng?

/* Kiém tra stack r6ng
Tra lai 1 néu la rong
0 néu khéng rong */
int IsEmptyStack (IntStack *stack)
{
return (stack->count == 0);
} /* emptyStack */



Kiém tra day?

/* Kiém tra stack day
Trad lai 1 néu la day
0 néu khéng day */
int IsFullStack (IntStack *stack)
{

return (stack->count==stack->stackMax) ;

} /* fullStack */



Tao Stack
IntStack *CreateStack (int max) {

IntStack *stack;
stack=(IntStack*)malloc (sizeof (IntStack))
if (stack == NULL)
return NULL ;
/* Khé&i tao stack rOng */
stack->top = -1;
stack->count = 0;
stack->stackMax = max;
stack->stackAry =malloc (max*sizeof (int)) ;
return stack ;
} /* createStack */



3. Ung dung cua Stack
Bai toan doi co so:
(base 8) 28,9 =3 e8! +4 ¢ 80=34,4
(base 4) 7210=1043+0e42+2 04"+ (0 ¢ 4°=10204

(base 2) 53;p=102°+1e2+0e23+122+0e2"+120=110101,



3. Ung dung Stack

Pau vao so thap phan n
Pau ra sO hé co sO b twong duwong
6
7 7
4 4 4 67418
1 1 1 1
Stackrbng  n%8 = 1 n%8 = 4 n%8 =7 n%8 = 6
n = 3553 n/8 =444  n/8 =55 n/8 =6 n/8 =0
n =444 n =55 n==6 n=0

1. Chir s6 bén phai nhat cia két qua = n % b. Pay vao Stack.

2. Thay n=n/b (dé tim cac sb tiép theo).

3. Lap lai buwéc 1-2 cho dén khin = 0.

4. Ratlan lwot cac chir sb lwu trong Stack, chuyén sang dang ky tw
twong tng véi hé co so trwde khi in ra két qua



O 0O

nar* digitChar = “0123456789ABCDEF’;
nar d = digitChar[13]; // 13,5 = Dy

nar f = digitChar[15]; // 13, = Fy



Poi co so
void DoiCoSo(int n, int b) {
char* digitChar = "0123456789ABCDEF";
// Tao mdt stack luu trix két qua
IntStack *stack = (MAX) ;
do {
// Tinh chit sé bén phai nhit,day vao stack
(stack, n % b);
n /= b; // Thay n = n/b dé tinh tiép
} while (n '= 0); // Lip dén khi n = 0

while ( ! (stack) ) {
// Rat 1lan luot tung phdn t& cua stack
(stack, é&n);
// chuyén sang dang ky tu va in két qua
(“%c”, digitChar[n]);



3. Ung dung cla Stack (tiép)
Ky phap trung tb:

£& V/&i phép toan 2 ngdi: Moi toan t&r dwoc dat gitvba hai toan hang

&£ \/&i phép toan mét ngdi: Toan tlr dwoc dat trwde toan hang

2+3*5 <= (2)+(3*5)

< Viéc danh gia biéu thire trung té kha phirc tap

Sap xép gidm dan cua thi tw wu tién cla toan to:

) >r>*= %=/ >+ = -



Ky phap hau to
Toan hang dat frudc toan tw.

ab*c+ Khéng can dau ngoac

I

a*b+c (Biéu thirc trung td twong dwong)

Vi du. Trung t6 Hau t6
a*b*c*d*e*f ab*c*d*e*f*
1+ (-5)/(6* (7+8)) 15-678+*/+
(x/y —a*b) * ((b+x) —y" ) xylab*—bx+yyr—*

(X*y*z—x"2 [ (y*2-2"3)+1/z) * (x—y) xy*z*x27y2*z3" — [ —1z/+xy —*



Tinh gia tri biéu thirc hau to

Bidu thirc trung t: (7 —11)*2+3
Biéu thire hau té: 711-2*3+

St dung moét stack lwu trir toan hang

. 2
bwdc1 | 7 11-273+ bwéc 4 . *3+
bwdc 2 ! —273+ bwéc5 | -8 3+
7
4 3 +
buse 3 | -4 2*3+ buwéc 6 P
buwéc7 | -5 Két qua




postfixEval
Tinh gia tri cua biéu thirc hau t6
Tinh gia tri cia mot mot biéu thirc hau t6 dwoc lwu trong mot
xau ky tw va tra vé gia tri két qua.
Toan hang:

Cac sb nguyén khdng @m mot chir so (cho don gian ©)

Toan tur:

+, -, %, 1, %, ™ (lty thira)



Pinh nghia mot s6 ham

compute( left,  right, op);
[* Thuwe hién tinh: “left op right” */

iIsOperator( op);
/* Kiém tra op c6 phai Ia toan t&r khong?
op phai l1a mét trong s6 '+','-',"™" /" '%" '~
*/



Ham isOperator()

Ham kiém tra ky tw co phai la
toan tw?
isOperator ( op)
op == T4 | | o) == '
op == "' | op == 'S

op == '/' ||Qp=='



compute ( left,

value;

// Tinh "left op right"

(op) {

|+l:

TALT .,

value;

value
’
value
’
value
’
value
’
value
’
value

.
’

right, op) {

left + right;
left - right;
left * right;
left $ right;
left / right;

pow (left, right);



postfixEval(

postfixEval (string expression)

// expValue luu két qua cta biéu thtc
left, right, expValue;
ch;
// Tao mét stack luu tri® toan hang
IntStack* stack = CreateStack (MAX) ;

// Duyét tung ky tu cho dén khi hét xau
(int i=0; i < expression.length(); i++)
{
// doc moét ky tu
ch = expression[i];
// néu ch la toan hang
(isdigit(ch))
// diay toan hang vao stack
PushStack (stack, ch - '0"');



// néu ch 1la toan tu
(1sOperator (ch)) {
// rat stack 2 1lan dé lay 2
// toan hang left va right
PopStack (stack, &right);
PopStack (stack, &left);
// Tinh "left op right"
result = compute(left, right, ch);
// Pay result vao stack
PushStack (stack, temp);
}else //khéng phai toan hang hodc toan
printf (“"Bieu thuc loi”);
}
// Két thic tinh toan, gia tri biéu thuc
// nam trén dinh stack, dua vao expValue
PopStack (stack, expValue)
expValue;



Chuyén doi trung td—hau to

Trong khi quét biéu thirc s6 hoc:
{* Toan hang sé& dwoc ghi ngay vao xau két qua

{f Khdng can st dung stack cho toan hang.

stack toan tw

{* Khi gap toan t&r hodc dau ngodc, day vao stack.

£ Quan ly thir tw wu tién gitra cac toan tr

& X0 ly cac biéu thire con.



Chi xét cac toan tr hai ngébi.
Hang.
1 néu la toan hang

1 néula+, - * /[ %A
0 néula(,)



Vidu 1

stack dung dé lwu trir mot cach tam théi cac toan tr trong
khi chd toan hang 2 (phai) twong wrng.

b*c
T T T T * ¢O mirc wu tién cao hon +
= Thém vao stack

¥




St dung stack (jé Xt ly cac toan tir co cung thi tw
wu tién hoac thap hon.

a*b /c+d * ¢ cling mirc wu tién véi /
T T T T T = rut * va ghi né vao xau hau to
trwdc khi thém / vao stack.

, s / cO murc wu tién cao hon +
Stack toan tu:

Xau hau tob:




Vidu3

S dung gia tri mirc wu tién dé x ly  (tinh 10y thira).
Mdrc wu tién dau vao: 4 khi ™ 1a dau vao
Mcrc wu tién tai stack: 3 khi ™ nam trong stack

a’*b”c
T T T A thtr 2 ¢ mirc wu tién la 4 nhwng
A the 1 c6 mlc wu tién 1a 3
Stack toan tUr: ges = M the 2 dwoc day tiép vao stack
(do d6 nod sé dwoc rut ra trede M thi 1)
Xau hau tb:




Vidu 4

Hai mdrc wu tién cho dau ngoac trai (

Mdrc wu tién dau vao: 5 cao hon bat ky toan tlr nao

(tAt ca cac toan ti trong stac phai gilr nguyén vi c6 mot biéu thirc con mai.)

Mdrc wu tién tai stack: -1 thap hon cua bat ky toan t& nao.

(khdng toan tlr nao trong biéu thirc con dwoc xda cho dén khi gap dau ngodc mé)

*
+
a®(b+c) (comircuwutiénla b=
T T T T T T dwa vao stack.
+ ( hién c6 mirc wu tién 1a -1 =
( tiép tuc & trong stack.
*




Merc wu tién dau vao va tai Stack

M‘u’c wru tién Murc wu tién
Toan to dau vao tai stack Hang
+ - 1 1 -1
*I % 2 2 -1
A 4 3 -1
( 5 -1 0
) 0 0 0



Cac quy luat danh gia

% Ghi ky tw vao xau hau td néu né la toan hang.

% Néu ky tw Ia mot toan tlr hodc (. so sanh mirc wu tién cla né
v&i mire wu tién cua toan tir tai dinh stack.
Rut phan tl dinh stack néu mirc wu tién cda phan t tai stack
la cao hon hodc bang va ghi tiép né vao xau hau to.
L&p cho dén khi toan ti tai dinh stack c6 hang thap hon,
day ky tw vao stack.

% Néu ky tw la ). rat tat cd cac toan ti ra khoi stack cho dén khi

gap ( va ghi cac toan tlr vao xau hau to. Rut ( ra khoi stack.

Khi két thac biéu thtrc trung td, rut tat ca cac toan tr ra khdi stack
va ghi vao xau hau to.



3*(4-275)+6

Stack toan tw - -
3 3 34

Hau té 3

3425 3425M-




Pop ( 3*(4-2"5)+6

" [2] + [1] + [1]

3425"- 3425AM-* 34257-%6

3425M-"6+




Xay dwng mét stack cho phép lwu trir cac toan tr va mdrc wu tién cua no.

Operator
symbol // toan tu
// mic wu tién dau vao cta toan ti& op
inputPrecedence;
// m@c uwu tién trong stack cua toadn tu op
stackPrecedence;
Operator

OpStack
Operator stackAry

OpStack ;



Output Stack Symbols

Rut cac toan tr trong stack co stack precedence > input precendence
cua ky tw dang doc.

PopHigherOrEqualOp (OpStack* stack, Operatoré& op
string& postfix)

Operator op2;

('IsEmpty (stack) &&
(op2 = Top(stack)) .stackPrecedence >=
op.inputPrecedence)
{
Pop (stack) ;
postfix += op2.symbol;



Ham chuyén doi trung to - hau to

Infix2Postfix() thyee hién nhirng céng viéc sau:
2% Ghi toan hang ra xau hau to.
2% Goi outputHigherOrEqual() néu gap toan tir.
% Goi outputHigherOrEqual() néu gap ).

¢ Két thac khi doc hét biéu thire



string Infix2Postfix ( string infix) ({
string postfix; // luu xau biéu thirc hau té
OpStack* stack = CreateStack( MAX); // tao stack
// Duyét tung ky tu cta biéu thirc
(i=0; i < infix.length(); i++) {
ch = infix [i];
//****** Trudng hdp toén hang kkkkkkkkkkk*k
(isdigit (ch))
// ghi toan hang vao biéu thitc hau té
postfix += ch;
[/ ******* Trudng hop todn t@ hodc ' (' ****x
(1sOperator(ch) || ch == " (")

// rat cac toan ti® cé m*rc wu tién cao hon
// ra khéi stack

Operator op = createOperator(ch) ;
PopHigherOrEqualOp (stack, op, postfix) ;
// diy toan tir hién tai vao stack

Push (stack, op);



*khkkkhkkhkkkk 2 \ ! *hkkhkkhkkhkkhkkkhkkhkkhkkk*kx
// Truong hop )
(ch == "))

// tao mét bién Operator cho ")
Operator op = CreateOperator(ch) ;
// Rat tit ca toan t& cta biéu thtc con
// cho dén khi gdp ' ('
PopHigherOrEqualOp (stack, op, postfix) ;
// Rat '(' ra khéi stack
Pop (stack) ;
}
} // end for
// Rat cac toadn t@ con lai trg stack, ghi vao xau
('IsEmpty (stack)) {
op = Pop(stack) ;
postfix += op.symbol;

postfix;



4. Pinh nghia Queue

Queue: la danh sach ma thém phai duwoc
thwe hién tai mét dau con xdéa phai thuwe
hién tai dau kia.

Va TN

X6a I I Thém
Pau cuéi (Enqueue)
(Dequeue)




Figure 5-1

Vi du cla Queue trong thuc té

Banks'R'Us

I REAREY Y,

(a) A queue (line) of people
Remove Insert
(dequeue) (enqueue)

/

front rear

(b) A computer queue

* Queue 1a mot kiéu cau trac FIFO: First In First
Out



Cac thao tac co ban voi Queue

Enqueue — Thém mét phan t& vao cudi queue
Tran Overflow

Dequeue — Xdéa mét phan tl tai dau queue
Queue rong?

Front — Tra lai phan t& tai dau queue
Queue rong?

End — Tra lai phan t& tai cudi queue
Queue réng



Figure 5-2

Enqueue

[ grape

data

Ny

plum

Kiwi

front

rear

plum

Kiwi

| grape

Queue

front

rear

Operation

Queue




Figure 5-3

Dequeue

plum

Kiwi

grape

front

rear

Queue

Operation

Kiwi

grape

front

rear

Queue




Figure 5-4

Queue Front

plum
data
plum Kiwi grape Queue > plum kiwi grape
front rear front front rear
Queue Queue

Operation




Figure 5-5

Queue Rear

plum Kiwi grape Queue plum kiwi | [grape
% ) [ <=

front rear front rear

Queue Operation Queue



Lwu trir Queue

Twong tv nhw Stack, co 2 cach lwu triv:
Lwu trir ké tiép: s& dung mang
Lwu trlr moc ndi: s dung danh sach moc noi



Figure 5-15

5. Lwu trir ké tiép véi Queue

Queue Queue
front rear

[of [1I [2] [3] [4] [s] [6] [7] (8] [9] [10] [11] [12][13] [14] [15] [16]



Figure 5-16

Queue tang hét mang

Queue Queue
front rear

[0] 1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16]

» Do d6 can sir dung mot mang rat 16n?



Bend ends up to form circular queue.
Queue Queue
front rear
| I

First array Last array
element

Queue
front




Queue dang vong

front



Queue thuwc hién trén mang

queueAry maxsize count front rear
7 I 4 1 3
front rear
~_~ ~_~
11| 37 | 22 15 | 3 -/




Pinh nghia cau tric Queue

typedef struct intqueue {
int *queueAry;
int maxSize;
int count;
int front;
int rear;

} IntQueue;



Tao Queue

IntQueue* CreateQueue (int max) {
IntQueue *queue;
queue = (IntQueue *)malloc(sizeof (IntQueue)) ;

/* Cap phat cho mang */
queue->queueAry = malloc(max * sizeof(int)) ;

/* Khé&i tao queue roOng */
queue->front = -1;
queue->rear = -1;
queue->count 0;
queue->maxSize = maxSize;

return queue;
} /* createQueue */



Enqueue

int enqueue (struct intqueue *queue, int datain) {
if (Queue->count == queue->maxSize)
return O; /* queue is full */
(Queue->rear)++;
if (Queue->rear == queue->maxSize)
[* Queue wraps to element 0 */
queue->rear = 0;
gueue->queueAry[queue->rear] = datain;
if (Qqueue->count == 0) {
/[* Inserting into null queue */
queue->front = 0O;
gueue->count = 1;
YR/
else (qQueue->count)++;

vr~trirn 1-



Dequeue
int dequeue (struct intqueue *queue, int *dataOutPtr) {

If (lqueue->count)
return O;
*dataOutPtr = queue->queueAry[queue->front];
(Queue->front)++;
if (Qqueue->front == queue->maxSize)
/* queue front has wrapped to element 0 */
queue->front = 0;
If (Queue->count == 1)
/* Deleted only item in queue */
gueue->rear = queue->front = -1;
(queue->count)--;

return 1;



queueFront

iInt queueFront (struct intqueue *queue,
int *dataOutPtr) {
if (lqueue->count)
return O;
else {
*dataOutPtr = queue->queueAry[queue->front];
return 1;
} " else */
} [* queueFront */



gqueueRear

int queueRear (struct intqueue *queue,
int *dataOutPtr) {
if (lqueue->count)
return O;

else {
*dataOutPtr = queue->queueAry[queue->rear];
return 1;

} /" else */

} /" queueRear */



emptyQueue and fullQueue

int emptyQueue (struct intqueue *queue)

{

return (queue->count == 0);
} " emptyQueue */

int fullQueue (struct intqueue *queue )

{

return ( queue->count == queue->maxsSize);
} I* fullQueue */



destroyQueue

struct intqueue *destroyQueue (struct intqueue
*queue)

{
If (Queue)
{
free (queue->queueAry);
free (queue);
Yt/
return NULL;
} [* destroyQueue */



6. Lwu trlr moc noi v&i Stack

count to
N i

I |

Top . .
data link
— [
data link

L] — L ]

* °

®
data link

Conceptual view Linked list implementation



Cac cau truc ctia head va node

. stack

count <integer>
count top top  <node pointer>

Stack head structure end stack

node
. data <dataType>
data link link <node pointer>
I end node

Stack node structure




Khai bao stack

typedef struct node
{
Int data ;
struct node *link ;
} STACK NODE;

typedef struct stack
{
Int count ;
STACK NODE *top;
} STACK;



createStack

static STACK *createStack ()
{
STACK *stack ;
stack = (STACK *) malloc( sizeof (STACK) ) ;
If (stack)
{
stack->top = NULL ;
stack->count = 0O;
YEaf

return stack ;
} [* createStack */



Push

Giong nhw Thém mot phan t& méi vao
danh sach trwdc phan to dau

red red

REeY . i data rExt NG . d data Axt
stack stack A V4
2 .—+ blue 3 blue

count top data/n!d count top data /next
¥ ¥

green| X green| X

data next data next

(a) Before (b) After



pushStack

static int pushStack(STACK *stack, int dataln) {
STACK NODE *newPtr;

newPtr = (STACK _NODE *) malloc(sizeof(
STACK NODE));

iIf (newPtr == NULL)

return O; /* no more space */
newPtr->data = dataln;
newPtr->link = stack->top;
stack->top = newPtr;
( stack->count )++;

return 1;
} [* pushStack */



7. Lwu trir moc ndi voi Queue

Bai tap vé nha: Xay dwng Queue mdc noi



Cau trac dir liéu va giai thuat

Po6 Tuan Anh
anhdt@it-hut.edu.vn




NOI dung

OO0 000000

hwong 1 — Thiét ké va phan tich (5 tiét)
hwong 2 — Gidi thuat dé quy (10 tiét)
nwong 3 — Mang va danh séach (5 tiét)
nwong 4 — Ngan xép va hang doi (10 tiét)
hwong 5 — Cau trac cay (10 tiét)

hwong 8 — Tim kiém (5 tiét)

hwong 7 — Sap xép (10 tiét)

hwong 6 — DO thi (5 tiét)



Chwong 5 — Cau trac cay

Pinh nghta va khai niém
Cay nhi phan
Dinh nghia va Tinh chat
Lwu trip
Duyét cay
Cay tong quat
Biéu dién cay tbng quat
Duyét cay tbng quat (néi qua)
U'ng dung cua cau truc cay
Cay biéu dién biéu thirc (tinh gia tri, tinh dao ham)
Cay quyét dinh



1. Dinh nghta va khai niem

Danh sach chi thé hién dwoc cac mdi quan hé
tuyén tinh.
Théng tin con co6 thé cé quan hé dang phi tuyén,
vi du:

Cac thv muc file

Céac bwdc di chuyén clia cac quan co

So do nhan sw cla td chirc

Cay pha hé
S dung cay cho phép tim kiém thong tin nhanh



Két n6
Khéng c6 chu trinh



Cay la gi?
Tap cac nut (dinh), trong do:
Hoac la réng

Hodc cd mét nut goc va cac cay con két ndi
vOi nut goéc bang mot canh




Vi du: Cay thry muc

fusr*
mark* alex* bill*
,//,[\ /\
book* course*® junk ju|nk work* course*
chlr  ch2r ch3r cnp>53ﬂ* cmp3|2]2*
fall98*  spr99*  sum99* fall98* fall9o*

| | i T

syl.or syl.r sylr grades progle prog2.r prog2r proglr  grades
Figure 4.5 unix directory



Vi du: Cay biéu thirc

Figure 4.14 Expressiontreefor (@ + b * ¢) + ((d *e + f ) * @)



Cac khai niém

nut géc

nut gitba/nhanh

nut anh e

nut la




Cay con

¢ @ &
SN &
¢ o

()



Pwong di

dwdng di duy nhat

T nat cha dén cac nat
con chau cua no.

P 0
E)wc‘)’ng @

&

Puwong di1: {a,b,f,j}
Puong di2: {d,i}



Po6 sau va do cao

4 Chiéucao=4 G P6 sau 0
@/ .
NUt co chiéu C}ao/=2 \

@ @ @

@ b D6 sau 3
Y ; Do sau 4



Cap (degree)



2. Cay nhi phan

2.1. Pinh nghia va tinh chat
Moi nGt cé nhiéu nhat 2 nat con.

M6t tap cac nut T dwoc goi la cay nhi phan néu

a) NoO la cay rong, hoac

b) Goém 3 tap con khéng tring nhau:
1) mét nut goc @
2) Cay nhij phan con trai /
3) Cay nhi phan con phai \

e 0
@ cay con phai

cay con trai



Cay nhi phan day du va
Cay nhi phan hoan chinh

Cay nhi phan day du: Cay nhi phan hoan chinh:

& @ & @ 6 e



Mét s6 dang cay nhi phan




Mt s tinh chat

SO nuttéidacoéddsaui: 2
SO nut toi da (v&i cay nhi phan dé cao H)
la; 251 - 1
Po cao (v&i cay nhi phan gom N nut): H
TOida =N
Téi thidu = [log,(N+1)] - 1



2.2 Lwu trir cay nhi phan

Lwu trir ké tiép:
St dung mang



ol

@)

°

9

e

Lwu trir moc noi

left

right

/

left

b

right

e

NULL

—

N

left

C

right

left

left

e |right

£

f |right

L=

left

g

right

L

\




Xay dwng cau truc cay nhj phan

Moi nut chira :
D liéu
2 con trd tréd dén 2 nut con clia nod

Data

Nut con / \ Nut con

trai / \ phai




Cau truc cay nhj phan

typedef struct tree node
{
int data ;
struct tree node *left ;
struct tree node *right ;
} TREE NODE;



Tao cay nhi phan

TREE NODE *root, *leftChild, *rightChild;

// Tao nat con trai

leftChild = (TREE NODE*)malloc(sizeof (TREE NODE)) ;
leftChild->data = 20;

leftChild->left = leftChild->right = NULL;

// Tao nut con phai

rightChild = (TREE NODE*)malloc(sizeof (TREE NODE)) ;
rightChild->data = 30;

rightChild->left = rightChild->right NULL;

// Tao nut géc
root = (TREE NODE*)malloc(sizeof (TREE NODE)) ;

root->data = 10; @
root->left = leftChild;
root->right = rightChild; :

50; // gan 50 cho root

root -> data



2.3. Duyét cay nhi phan

Duyét cay: lan lwot duyét toan bd nat trén cay

Co 3 cach duyét cay :

Duyét theo thw tw triéc

Duyét theo th tw gitra

Duyét theo thir ty sau
Dinh nghia duyét cay nhi phan Ia nhirng dinh
nghia dé quy.

G

2

3

(@) Thir tw trwoce

1

(y

3

(b) Thur tw gitra

O

1

2

(c) Ther tw sau




Q@@
~— ~—

1. Tham nut.
2. Duyét cay con trai theo thu ty trworc.
3. Duyét cay con phai theo thw tw truwéec.

/ \ Traversal order: abdce

v
e
® o




@@ O@
~— ~—

1. Duyét cay con trai theo thir tw sau.
2. Duyét cay con phai theo thir tw sau.
3. Tham nut.

/ \ The tw duyét: dbeca

v
e
® o




@@ O@
~— ~—

1. Duyét cay con trai theo thur tw gilra
2. Tham nut.
3. Duyét cay con phai theo th tv gilra.

/ \ Thr tw duyét: bdaec

v
e
® o




Thw tw trwdce: 15,6, 3,2, 4,7, 13,9, 18, 17, 20
Tho ty gitva: 2,3,4,6,7,9, 13,15, 17, 18, 20
Thetwsau: 2,4,3,9 13,7,6, 17, 20, 18, 15



Duyét theo thu tw trwdc — Dé quy

void Preorder (TREE NODE* root)
{
if (root!=NULL)
{
// tham aNode
printf("3%d ", root->data)
// duyet cay con trai
Preorder (root->left) ;
// duyet cay con phai
Preorder (root->right) ;



Bai tap: Viét gidi thuat dé quy cla
Duyét theo thu tw gitra
Duyét theo thur tw sau



Duyét theo thu ty tredc — Vong lap

void Preorder iter (TREE NODE* treeRoot)

{
TREE;NODE* curr = treeRoot;

STACK* stack = createStack (MAX); // khoi tao stack
while (curr!=NULL || !'IsEmpty(stack))
{
printf ("%d ", curr->data); // tham curr
// néu cé cay con phdi, diy cay con phdi vao stack
if (curr->right!=NULL)
pushStack (stack, curr->right) ;
if (curr->left!=NULL)
curr = curr->left; // duyét cidy con trai
else
popStack (stack, &curr);// duyét cidy con phai
}
destroyStack (&stack) ; // giai phéng stack



Duyét theo thw tw gitra

void Inorder iter (TREE NODE* root) {
TREE NODE* curr = root;
STACK* stack = createStack (MAX);// ktao stack
while (curr!=NULL || !'IsEmpty(stack))
{
if (curr==NULL) {

popStack (stack, &curr);

printf (“$d”, curr->data);

curr = curr->right;

}

else
{
pushStack (stack, curr);
curr = curr->left; // duyét cidy con trai
}
}
destroyStack (stack) ;// giai phéng stack

}



Duyét theo thir tw cudi

void Postorder iter (TREE NODE* treeRoot)
{
TREE NODE* curr = treeRoot;
STACK* stack = createStack (MAX);// ktao mOt stack

while (curr '= NULL || !'IsEmpty(stack)) {
if (curr == NULL) {

while (!IsEmpty (stack) && curr==Top(stack)->right)
PopStack (stack, &curr);

printf (“3%d”, curr->data);

}

curr = isEmpty(stack)? NULL: Top(stack)->right;
}

else {
PushStack (stack, curr);
curr = curr->left;

}
}

destroyStack (&stack); // giai phéng stack



Mot vai ('ng dung cua phwong phap
duyét cay

Tinh dd cao cua cay

Pém sb nut 14 trong cay

Tinh kich thwée cta cay (s6 nut)
Sao chep cay

XoOa cay



Tinh d6 cao cua cay 2

0

Height (TREE NODE *tree) -1 —— -
heightLeft, heightRight, heightval;
( tree == NULL )
heightval = -1;

{ // S& dung phuong phap duyét theo th@® tuy sau
heightLeft = Height (tree->left);
heightRight = Height (tree->right);
heightval = 1 + max(heightLeft, heightRight) ;

heightval;



r

Pém so6 nut 1a

_ 2NN
int CountLeaf (TREE NODE *tree) C) () ()
{

if (tree == NULL) \>i§

return 0;

int count = 0; thr tw dém

// Pém theo tht tu sau

count += CountLeaf (tree->left); // Pém trai

count += CountLeaf (tree->right); // Pém phai

// néu nut tree la nat 1la, tdng count
(tree->left == NULL && tree->right == NULL)
count++;
return count;



Kich thwdc cua cay

int TreeSize (TREE NODE *tree)

{
i1f (tree ==
return
else
return

NULL)

0;

(

TreeSize (tree->left) +
TreeSize (tree->right) + 1 );

t



Sao chep cay




Sao chep'cay

TREE NODE* CopyTree (TREE NODE *tree)

{

// Dung dé quy khi cay réng
i1f (tree == NULL) return NULL;

TREE NODE *leftsub, *rightsub, *newnode;
leftsub = CopyTree (tree->left);
rightsub = CopyTree (tree->right);

// tao cay méi

newnode = malloc(sizeof (TREE NODE)) ;
newnode->data = tree->data;
newnode->left = leftsub;
newnode->right = rightsub;

return newnode;



Xoa cay
DeleteTree (TREE NODE *tree)

// xbéa theo thi tu sau
(tree '= NULL)
{
DeleteTree (tree -> left) ;
DeleteTree (tree -> right);
(tree) ;



3. Cay tong quat
3.1. Biéu dién cay tong quat

Biéu dién gidong nhw cay nhi phan?

M&i nut sé& chira gia tri va cac con trd tré dén

cac nut con cua n6?

Bao nhiéu con tré cho mét nut? — Khéng hop ly
Moi nut sé chira gia tri va mot con trd trod
dén mét “tap” cac nut con

A b

Xay dwng “tap” nhw thé nao?



Biéu dién cay tong quat

St dung con tro nhwng moé réng hon:
Mbi nut sé cé 2 con trd: mot con trd tré dén nut
con dau tién cua no, con tro kia tro dén nut anh
em ké voi no
Céach nay cho phép quan ly s6 lwong tuy y cla
cac nut con

Data

Nut con / \ Nut anh

trai nhat / \ em ké




Vi du




3.2. Duyét cay tong quat

Th tw truwdc:
Tham goc
Duyét cay con th&r nhat theo th tw trudc
Duyét cac cay con con lai theo thw ty trwdc
Tho ty gitra
Duyét cay con thr nhat theo thi tw gitra
Tham gbc
Duyét cac cay con con lai theo thw ty gilra
Thir tw sau:
Duyét cay con th(r nhat theo th tw sau
Duyét cac cay con con lai theo thw tw sau
Tham goc



4. Ung dung cua cay nhi phan

Cay biéu dién biéu thirc
Tinh gia tri biéu thrc
Tinh dao ham

Cay quyét dinh



Cay biéu dién biéu thirc 1a . . .
Mot loai cay nhi phan dac biéet, trong do:
1. MOi nut 14 chira mot toan hang
2. Moi nut giira chira mot toan tor

3. Cay con trai va phai cua mét nut toan
tr thé hién cac biéu thirc con can
dwoc danh gia trwéc khi thwe hién
toan tir tai nut goc

45



Biéu thirc nhj phan

68!

65!

£4!

N




Cac murc chi ra thi tw wu tién

Cac mirc(do sau) cua cac nut chi ra thir tw
wu tien tu’o’ng doi cua ching trong biéu
thure (khéng can dung ngodc dé thé hién th tw wu tién).

Cac phep toan tai muwrc cao hon sé dworc tinh
sau cac cac phep toan c6 mrc thap.

Phép toan tai goc luén dwoc thwe hién cuoi
cung.

47



Cay biéu dién biéu thirc

‘+, 53!

54! ‘2!




Dé dang dé tao ra cac biéu thire tién to, trung to,
hau to

\ %/

// = \\ // S
g ] [ ] [
S\
‘4, ‘2,

Trungté: ((8-5)*((4+2)/3))
Tien to: *.85/+423
Hau to: 85-42+3/*

49



Duyét theo thwr tw gitra
(A+H)/(M-Y)




Duyét theo thu tw tredc
[+AH-MY




Duyét theo thir tu sau
AH+MY -/




Moi nut co 2 con trd

struct TreeNode

{
InfoNode info; // Dir liéu
TreeNode* left; // Tro t&i nut con trai
TreeNode* right ; // Tro téi nat con phai
};

NULL | | operann | 7 6000

. whichType . operand

left .Info . right



InfoNode co 2 dang

enum OpType { OPERATOR, OPERAND };

struct InfoNode

{
OpType whichType;
union /[ ANONYMOUS union
{
char operator ;
int operand ;
}
};
OPERATOR| ‘+° OPERAND 7

. whichType . operation . whichType . operand



int Eval (TreeNode™ ptr)

{
switch ( ptr->info.whichType )

{
case OPERAND : return ptr->info.operand ;

case OPERATOR:
switch ( tree->info.operation )

{
case ‘+’ : return ( Eval ( ptr->left ) + Eval ( ptr->right ) ) ;
case ‘-’ : return ( Eval ( ptr->left) - Eval ( ptr->right) ) ;
case “*’ : return ( Eval ( ptr->left) * Eval ( ptr->right) ) ;

case ‘I’ : return ( Eval ( ptr->left) / Eval ( ptr->right) ) ;
}

55



Cay quyét dinh

Dung dé biéu dién I&i gidi cha bai toan can
quyét dinh Iwa chon
Bai toan 8 dong tién vang:

Cé 8 dong tiénvanga, b, c,d, e, f, g, h

C6 mét dong co trong lwong khdng chuan

St dung mét can Roberval (2 dia)

Output:

Pong tién k chuan la nang hon hay nhe hon
S phép can la it nhat



atb+c ? d+e+f




void EightCoins(a, b, ¢, d, e, £, g, h) {

if (at+b+c == d+e+f) {
if (g > h) Compare (g,
else Compare (h,

}
else if (a+b+c > d+e+f) {

if (a+d == b+e) Compare (c,
else if (a+d > b+e) Compare (a,
else Compare (b,
}
else({
if (a+d == b+e) Compare (f,c,a);
else if (a+d > b+e) Compare (d,
else Compare (e,

}

// so sanh x v&i dbéng tién chuan z
void Compare (x,vy,z) {

if (x>y) printf (“x nang”);

else printf (“y nhe”);

a);
a);

a);
b);
a);

b);



Cau trac dir liéu va giai thuat

P6 Tuan Anh
anhdt@it-hut.edu.vn




NOI dung

hwong 1 — Thiét ké va phan tich (5 tiét)

hwong 2 — Gidi thuat dé quy (10 tiét)

hwong 3 — Mang va danh séach (5 tiét)

nwong 4 — Ngan xép va hang doi (10 tiét)
hwong 5 — Cau trac cay (10 tiét)

hwong 8 — Tim kiém (5 tiét)

nwong 7 — Sap xép (10 tiet)

hwong 6 — DO thi va mdt vai cau truc phi tuyén
khac (5 tiét)

Chwong 9 — Sap xép va tim kiém ngoai (after)

OOOOOOOO




Chwong 6 — Do thi va mét vai cau truc phi
tuyén khac

Dinh nghia va khai niém
Biéu dién do thi
Ma tran lan can
Danh sach lan can
Phép duyét do thi
Theo chiéu sau
Theo chiéu rong
Ung dung
Bai toan bao dong truyén tng
Bai toan sap xép topo
Gidi thiéu vé danh sach tbng quat, da danh sach (not
yet)



1. Dinh nghta va khai niem



Do thi

do thi cac dinh (nat
cac canh (cung

dinh (5 : e @

(i) J (k> (D

V={a b,cdefghijkl}

E={(a b), (a e) (b e) (b 1) (c)) (c g) (c h)(d h)(e,)),
(9, k), (9, 1), (g, h), (i, )) }



Po thi dinh huwdng

do thi dinh huéng (digraph




Ung dung cuta do thi

D¢

» % X % x%x#x%o’

X

thi mo ta cac moi quan hé

Mang Internet

Mang InAn ArvAvysna AlaAn thAnA

Nguyé  South Mill

So do Cdgau FB\J(‘ didu khiéne

Mang @
Bém:

Mach dién

O:=D0+1

FRINT
s
pri toe

FRINT
™ is not
L (e




Cac loai dob thi khac

Pa do thi

Gia do thj




Canh va Dinh

bac(w) = 1
o ®

uva v goi la 1an can ctia nhau hay ké nhau (adjacent)

bac(u) = 2

bac vao(b) =3
bac ra(b) =4

dinh ngué/@
(@)

dinh dich



Pwong di

duwong di

Duwong di don:
a,ekplq

m, h,d, c, g e,
(khéng ¢6 dinh

lap lai)

b, ¢, d khédng phai dwdng di

Khéng phai duong
abefgbgl

k [




Chu trinh

chu trinh

M6t chu trinh don khéng cé dinh tring nhau trir dinh dau va dinh cudi.
T @ C\
()
: L
kjn kp ok \J k
khong phai chu
trinh don.

n O




Po thi con

do thi con
30E
30E
NN
(A
¢ \J (g
j \/k\ I

V(H)=1{b,d, e f,g h I p qt EH)={b,e) (b, g) (e 1), (d h),( p)( q)}



Lien thong

lién thong

\ @
!

céc thanh phan lién théng cia




Cay co6 phaila lién théng?

o

S Co,valE|=|V|-1.
#s6 canh #s6 dinh

Y5 Néu Glaliénthéng, thi| E|>| V|- 1.



Po thi co trong sb

VD. Mang Iw¢i giao thong

9 km




2. Biéu dién do thi

2 céch biéu dién dd thi phd bién.

S& dung mdt ma trén 2 chiéu

St dung mot mang clia danh sach moc noi



Ma tran ké

A [n][n];
: néu (i, j) € E(G)
Alilll =

0 7 ‘ nguwoc lai

Lo trir: O(VF). b thi khong dinh huong |

Thwéong dwoc sir dung véi do thi nhé, khdong hiéu qua véi
do thi cé it canh




Danh sach ké

Pinh  Tap cac dinh ke

A {B[2] [€]5] [E]7
B {A[2] [C]s
C {A[5] [B]6] [D]10
D {Cl0 [E]2
E {A[7] [€]3] [D]2

- Danh sach ké 1a mét mang A[0..n-1] cac danh sach, v&i n

la s6 dinh cuta do thi.

- Chi s0 ciia mang twong tvng vé&i chi s6 cia dinh

« M6i danh sach A[i] lwu triv cac chi s6 ctia cac dinh keé v&i

ding o(V! + E)).
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1
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1
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1

1
1
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1

00
00

1

0({0(0]|O0

1

000|000 |0

1

0

1
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0
0

0

0
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Phan tich do phuc tap

Thao tac Danh sach ké Ma tran ké



Ma tran ké va danh sach ké

Danh sach ke
Tiét kiem bdé nh& hon ma tran ké néu dd thj co it canh
Thoi gian kiém tra mot canh c6 ton tai Ién hon

Ma tran ke
Luén ludn mat n2 khéng gian b nho
Diéu nay cé thé lam lang phi bd nhé khi do thj thwa
Tim mot canh co ton tai hay khong trong thdi gian hang so



3. Phép duyét do thi

Ung dung
Cho mdt dé thi va mét dinh s thudc dé thi
Tim tat ca dwong di tir s t&i cac dinh khac
2 thuat toan duyét dé thj phd bién nhat

Tim dwdng di ngan nhat trong mét do thj khdng co trong
sO

Bai toan sap xép topo
Tim céc thanh phan lién thdng manh

Trwdce tién ta sé xem xét BFS



Tim kiém theo chiéd réng

Tim dwdng di ngan nhat tlr dinh nguodn s t&i tat ca cac nut.

Y twéng: Tim tat ca cac nut tai khodng cach 0, roi tai
khoang cach 1, r6i dén khoang cach 2, ...

‘Khodng cach 1a sb canh trén dwdng di bat dau tw s

Vi du

Vé&i s la dinh 1

Cac nut tai khoang cach 1?
2,3,7,9

Cac nut tai khoang cach 2?
8,6,5,4

Cac nut tai khoang cach 3?
0



BFS — Giai thuat

s MOt hang doi  dé Iwu trr cac dinh dang doii
dwoc tham.

Tai mbi bwédc, mot dinh sé bj xda khdi Q va duwoc
danh dau la da tham.

e MOt mang lwu trang thai cac dinh da dwoc tham.
s MOi dinh ¢o trang thai “thdam” nhw sau:

FALSE: dinh la chwa dwoc tham.
TRUE: dinh dwgc dwa vao hang doi



BSF algorithm

Algorithm BFS(s)
Input: s is the source vertex
Output: Mark all vertices that can be visited from s.
for each vertex v
do flag[v] := false;
QQ = empty queue;
flag[s] := true;
enqueue(Q, s);
while @ is not empty
do v := dequeue(Q);
for each w adjacent to v
do if flag[w] = false
then flag|w] := true;
enqueue(Q,w)

LN RN

e
= O



Vidu BFS

The tw tham:
Q: s



Tho tw tham: s
Q: a, ¢



Céc canh c6 nét dirt chi ra rang dinh dwoc xét
Il nhuwng dinh da dwoc tham.

TT tham: s, a, ¢
Q: d e f



TT tham: s, a, ¢, d TT tham: s, a,¢,d, e TT tham: s, a, ¢, d, e,
Q: e f == Q: fb —> Q: b, g



1
1
1
1
1
S \
N 1
N
N
N
\
<«
< .

TTtham: s,a,c,d e, f, b
Q: g

TTtham: s,a,c,d,e,1, b, g
Q:



Cay duyét theo chiéu réng

d(b): dwdng di ngan nhat tlr s dén b

2
(&

BFS chi tham cac tap con c6 thé dén dwoc tr dinh ban dau



Danh sach ké Flag (T/F)

of|F
0 8

1|F
1 37 9 2

2|F
2 8 1 4

3|F
3 4 5 1

4a|F
4 2 3

5|F
5 3 6

6|F
6 7 5

7
7 1 6 F

8
8 2 0 9 F

9
9 1 8 F

Khéi tao ban dau
(tatca =F)

Q=1{ !}

Khéi tao Q réng



Danh sach ké Flag (T/F)

o|F
0 8

1|F
1 3 7 9 2

2T
2 8 1 4

3
3 4 5 1 F

4
4 2 3 F
5 3 6 5| F
6 7 5 6|F
7 1 6 T|F
8 2 0 9 8|F
9 1 8 9| F

2 da dwoc tham
Flag(2) = T.

Q=1{2 }

Pat dinh ngudn 2 vao queue.



Danh sach ké Flag (T/F)
o|F
0 8
1 37 9 2 T
Nutké — 2 g 1 4 2|7
3 405 1 S|F
X 4 2 3 41T
nguoén 5 3 6 5|F
6 7 5 6|F
7 1 6 7| F
8 2 0 9 8| T
9 18 o | F

Panh dau cac nut
ké la da tham.

Q={2}—- { 8,1,4}

Lay 2 ra khéi queue.
Dat tat ca cac nut ké chwa dwoc tham cda 2 vao queue



Danh sach ké Flag (T/F)
_ 3
0 8
1T
1 37 9 2
2|7
2 8 1 4
3
3 4 5 1 F
4
4 2 3 T
5 36 > | F
6 7 5 6| F
7 1 6 T|F
Nut ké —1»8 2 0 9 8| T
9 1 8 9T

Panh dau cac nut
maoi dwoc tham.

Q={814}-{14009)

Lay 8 ra khdi queue.
-- Pat tat ca cac nut ké chwa dwoc tham cua 8 vao queue.
-- Chu y la 2 khéng dwoc dat vao queue nira vi n6 da dwgc tham



Danh sach ké Flag (T/F)
ol T
0 8
oy 1T
Nutke—s | 37 9 2
2| T
2 8 1 4
3| T
3 4 5 1
4
4 2 3 T
5 3 6 5| F
6 7 5 6| F
7 1 6 T
8 2 0 9 81T
9 1 8 9| T

Panh dau cac nut
ma&i duoc tham.

Q={1409}-{4,0,93,7)

Rut 1 ra khéi queue. ‘
-- D3t tt ca cac nut ké chwa dwoc tham cha 1 vao queue.
-- Chi c6 nut 3 va 7 la chwa dwoc tham.



Danh séach ké Flag (T/F)

ofT
0 g
1| T
1 37 9 2
2|71
2 8 1 4
3T
3 45 1
by 4T
Nutké —»| 4 2 3
5|F
5 36
6|F
6 7 5
7
7 1 6 T
8
8 2.0 9 T
9
9 1 8 !

Q={40,93,7}—-{0,9,3,7}

Rut 4 ra khoi queue.
-- 4 khong co nut ké nao la chwa dwoc tham!



Danh sach ké

Notké — [ o 5
1 37 9
2 8 1 4
3 4 5 1
4 2 3
5 306
6 7 5
7 1 6
8 2 0 9
9 18

Q=1{0,937}-{93,7}

Rut 0 ra khoi queue.
-- 0 khéng co nut ké nao la chwa dwoc tham!

Flag (T/F)

E-N
—A|l=A|A|n|[n|a|A]|=A[=]|4




Danh sach ké

0 8
| 3 7 9
2 § 1 4
3 4 5 1
4 2 3
5 3 6
6 7 5
7 1 6
8 2 0 9
—Y 1 8

Q=1{937}-{37}

Rut 9 ra khoi queue.
-- 9 khéng c6 nut ké nao chwa duwoc tham!

Flag (T/F)

©O© | o N| o (3} |l w0 N| =] ©

A== A=A =]4




Nut ké

Q={3,7}—>{7,5}

Rut 3 ra khéi queue.

-- Thém nut 5 vao queue.

Danh sach ké

—

Lh iy L ] —_ [en]

e )

Lh [ () LN —_ |

oo | | O

Flag (T/F)

=N
A== | A A=A =a]|=] 4

Panh dau dinh 5
da dwoc tham.



Danh sach ké Flag (T/F)

Nutké —f

v

\O [# 4] | N h E=N LS ] [ ] —_ [a]

— o= | w | |s | |w|w

oo | D | D Vi (=N Y] v — | =]
(3}
Al d|d[Ad]| A A4 4|44

Panh dau dinh 6
da dwoc tham.

Q=1{7.5}—{5,6)

Rut 7 ra khéi queue.
-- Thém nut 6 vao queue.



Danh sach ké
0 8

1 3 7 9 2
2 g8 1 4
3 4 5 1
4 2 3

— | 5 3 6

6 7 5

7 1 6

8 2 0 9
9 1 8

Rut 5 ra khoi queue.
-- khéng c6 nut ké nao cua 5 la chwa dwoc tham.

Flag (T/F)

(3, ]
I I I I I I I




Danh sach ké

0 8

1 3 7 9 2

2 8 1 4

3 4 5 1
nguén . CE

5 3 6

Nutké — g 7 5

7 1 6

8 2 0 9

9 1 8

Q=1{6}—{}

Rut 6 ra khoi queue.
-- khéng c6 nut ké nao cua 6 la chwa dwoc tham.

Flag (T/F)

0

1

2

I I I I I I I




Danh séach ké Flag (T/F)

ofT
0 g

1| T
1 307 9 2

2|7
2 § 1 4

3
3 45 1 T
42 3 T
5 3 6 ST
6 7 5 6T
7 1 6 T
8 2 0 9 8T
9 18 ofT
Két qua?
Nhin vao Flag.

Q=11! Dirng!!! Qréng!!!

Tén tai modt dwdng di tr 2 toi tht ca
céac dinh khéac trong do thi



b6 phtre tap thdi gian cua BFS
(St dung danh sach ké)
Gia st do thi dwoe lwu dwdi dang danh sach ké
n =sb dinh, m =sd canh

Algorithm BFS(s)
Input: s is the source vertex O(n + m)
Output: Mark all vertices that can be visited from s.
1. for each vertex v

do flag[v] := false;
() = empty queue;
flag[s] = true;
enqueue(Q, s);
while @ is not empty

do v := dequeue(Q);

for each w adjacent to v Mdi lan 1ap, thi gian tinh ti
do if flag|w] = false 18 v&i béC(V) + 1
then flag[w] := true; ) )
enqueue(Q,w)

Moi dinh vao Q duy nhat mét lan.

A

A

= e i

ot



Thoi gian tinh
Nhac lai: Mt dd thi c6 m canh, tong s6 bac = ?
2 bac(v) = 2m

vertex v

th&i gian tinh cua vong lap while:

O( Zvertex % (béC(V) + 1) ) =

dwoec tinh trén tdng cla tat ca cac lan Iap trong
while!



b6 phtre tap thdi gian cua BFS
(St dung ma tran ké)
Gia st do thi dwoce lwu dwdi dang ma tran ké
n =s6 dinh, m =sd canh

Algorithm BFS(s)

Input: s is the source vertex O(n2)

Output: Mark all vertices that can be visited from s.
1. for each vertex v

i: . :dzmﬂ sfﬂq;u;alse' Tim cac dinh ké cta v phai duyét
4. flagls] = true: toan boé hang, mat théi gian O(n).
5. enqueue(Q,s);

6. while Q is not empty Tong trén n lan lap, tong thi gian
7. do v := dequeue(Q); tinh 1a O(nz)_

8. for each w adjacent to v

Q. do if flag|w] = false .

10. then flag[w] := true; V&i ma tran ke, BFS 1a O(n?) doc
11. enqueue(Q, ) lap v&i so canh m.



Cay khung theo chiéu rong
Nhirng dwdng di dwoc tao ra béi phép duyét BFS

thwong dwoc vé nhw mot cay (goi la cay khung theo

chiéu réng), voi dinh bat dau la goc cla cay.
Cay BFS v@i dinh s=2.

/1\

1 .' \
/ \ \- \
)y ( ) J N ( _9‘\1
: /; \ i |. 0/ \ )
{ 6



Tim kiém theo chiéu sau
Depth-First Search (DFS)

DFS 1a mot phép tim kiém trén do thi pho
bién khac
Vé mat y twdng, twong tw nhw phép duyét theo
tht tw tridc (tham nat, réi tham cac nut con
mot cach dé quy)

DFS co thé chi ra mét s6 thudc tinh cua
do thi ma BFS khong thé
NG c6 thé cho biét dé thi cé chu trinh hay khéng
Hoc sau hon trong Toan Roi Rac



Giai thuat DFS

DFS tiép tuc tham mot cach dé
quy
Khi tham v 1a ké v@i u, tiép tuc dé quy dé tham
tat ca cac nut ké chwa dwoc tham cla v. Sau
do quay lui lai u.



Vi du

time = 1/14

4/5

10/11 12/13

@/@\@

2/9 3/8




Thtr tw tham

time = 1/14

a
4/5

e
10/11 12/13

@/@\@

2/9 3/8

adcbgfe




Cay DFS



Giai thuat DFS

Algorithm DFS(s)

1. for each vertex v o

2. do flag[v] := false;- DBanh dau tat ca cac dinh
| la ch th3

3. RDFS(s); a chwa dwoc tham

Algorithm RDFS(v)

1. flag[v] := true; - v da dwoc tham

2. for each neighbor w of v \

3. do if flag[w] = false V&i cac nat hang xom chwa
4 then RDFS(w); dwoc tham, dé quy RDFS(w)

Chung ta ciing c6 thé danh dau dwérng di bang pred] ].



Danh séach ké Flag (T/F)

o|F
0 8

1| F
1 37 9 2

2|F
2 g8 1 4

3|F
3 45 1

a|F
4 2 3

5|F
36

6|F
6 7 5

7|F
7 1 6

8
8 2 0 9 F

9
9 1 8 F

Pred
Initialize visited
table (all False)

Initialize Pred to -1



Danh séach ké Flag (T/F)
0|F
0 8
1|F
1 3 7 9 2
2|7
2 8) 1 4
_ 3|F
source 3 4 5 1
4|F
4 2 3
5 306 >|F
6 7 5 6| F
7 1 6 7|F
8 2 0 9 8|F
9 1 8 9| F -
Pred

Mark 2 as visited

RDFS(2)
Now visit RDFS(8)



Danh sach ké

0 ]
1 37 9
source z 8 1 4
3 45 1
4 2 3
5 3 6
6 75
7 1 6
——+3 2 (0 9
9 18

(I:?ae”csursive RDFS( 2 )
RDFS(8)
2 is already visited, so visit RDFS(0)

Flag (T/F)
o|F
1| F
2| T
3|F
4|F
5|F
6|F
7|F
8| T 2
9| F -

Pred

Mark 8 as visited

mark Pred[8]



Example

Adjacency List Visited Table (T/F)

ol T 8
S 8
1|F
1 3 7 9 2
2 8) 1 4 20T
source =
3|F
3 4 5 1
4
4 2 3 F
5 3 6 5| F
6 7 5 6| F
7 1 6 7|F
8 2@9 8| T 2
9 1 8 91F -
Pred

Mark O as visited

Recursive
RDFS(2)
I
calls FS(8) Mark Pred[0]

RDFS(0) -> no unvisited neighbors, return
to call RDFS(8)



Example

Back to 8

Adjacency List Visited Table (T/F)

ofT 8
0 8
1|F
1 3 7 9 2
2| T
2 g) 1 4
source 3| F
3 45 1
4
4 2 3 F
5 3 6 >|F
6 7 5 6| F
7 1 6 T|F -
N xTo v [z
9 1 8 91F -
Pred

(I:?ae”csursive RDFS( 2 )
RDFS(8)
Now visit 9 -> RDFS(9)



Example

Adjacency List Visited Table (T/F)

ofT 8
0 8
1|F
1 3 7 9 2
2 (T
source 2 91 4 3| F
3 4 5 1
4 2 3 ‘F
5 3 6 >|F
6 7 5 6| F
7 1 6 T|F
s—2 009 81T 2
»| 9 1) § 9 (T 8
Pred
Mark 9 as visited
Sae"c;urSIVG RDFS(2) Mark Pred[9]
RDFS(8)

RDFS(9)
-> visit 1, RDFS(1)



Example

Adjacency List Visited Table (T/F)

o|T 8
0 8
1T 9
— 1 3) 7 9 2
2|7
2 8) 1 4
source 3| F
3 4 5 1
4 2 3 1F
5 3 6 >|F
6 7 5 6| F
7 1 6 T|F
8 2 0 (9) 8 (T 2
9 1) 8 9T 8
Pred
Mark 1 as visited
Recursive
RDFS(2)
calls
RDFS(8) Mark Pred[1]
RDFS(9)
RDFS(1)

visit RDFS(3)



Example

Adjacency List Visited Table (T/F)

- X o|T 8
1—G)7 9 2 T ?

] J 2 T
source 5 @1—“: T G

4 2 3 4|F

5 36 >|F

6 7 5 6|F

7 1 6 7|F
8 2 0@ 8| T 2
9 @8 9| T 8
Pred
Mark 3 as visited

Recursive
RDFS(2)
I
calls RDFS(8) Mark Pred[3]
RDFS(9)
RDFS(1)
RDFS(3)

visit RDFS(4)



Example

Adjacency List Visited Table (T/F)

; : 0T 8
1 @ 7 9 2 ; : i
source ; 3| T 1
4 2 3 aT 3
5 3 6 S|F
6 7 5 6F
7 1 6 7|F
8 2 0 @ 8| T 2
9 @ 8 of|T 8
Pred
RDFS(2) Mark 4 as visited
Recursive RDFS(8)
calls RDFS(Q) Mark Pred[4]
RDFS(1)

RDFS(3)
RDFS(4) - STOP all of 4’s neighbors have been visited
return back to call RDFS(3)



Example

Adjacency List Visited Table (T/F)

o < U 8
1 @ 7 9 2 T ?
2 g:) 1 4 2T
source 3| T 1
13 4 1
4 2 @ T 3
5 3 6 5|F
6 7 5 6|F
7 1 6 7|F -
8 2 0 @ 8| T 2
Back to 3 I OF 1T 8
Pred
RDFS(2)
Recursive RDFS(8)
calls RDFS(9)
RDFS(1)
RDFS(3)

visit 5 -> RDFS(5)



Example

Adjacency List

Visited Table (T/F)

0 8
1—B) 7 o
2 !:! 1 4
source 3 ) @ |
4 2 3
— 5 3 @
6 7 5
7 1 6
8 2 0 (®
o —@ s
RDFS( 2 )
Recursive RDFS(8)
calls RDFS(9)
RDFS(1)
RDFS(3)
RDFS(5)

©O© | o N| o (3} |l w0 N| =] ©

A ||| A| A=A

2

8

3 is already visited, so visit 6 -> RDFS(6)

Mark 5 as visited
Mark Pred[5]

Pred




Example

Adjacency List Visited Table (T/F)

: X o|T 8
1 @ 7 9 2 T °
2 g:) 1 4 2|7
source
3 s ()1 3T 1
4 2 3 4T 3
5 3 @ S| T 3
—t6 (@) 5 6T 5
7 1 6 7| F
8 2 0 @ 8| T 2
I @ 8 9 (T 8
RDFS(2) Pred
RDFS(8) y o
Recursive RDFS(9) ark 6 as visited
I
o RDFS(1) Mark Pred[6]
RDFS(3)
RDFS(5)
RDFS(6)

visit 7 -> RDFS(7)



Example

Adjacency List Visited Table (T/F)

5 e T
1B 7 9 2 T ?
2, .
2 1 4
@ o %% B R
a 4 2 3 T 3
@ {55 B u
e b 6 ®< 6| T 5
( —+7H11 6 7T 6
6 8 2 0 @ 8| T 2
I @8 9 (T 8
RDFS(2) Pred
RDFS(8) M .
Recursive RDFS(Q) ark 7 as visited
I
o RDFS(1) Mark Pred([7]
RDFS(3)
RDFS(5)
RDFS(6)

RDFS(7) -> Stop no more unvisited neighbors



Example

Adjacency List Visited Table (T/F)

0| T 8
0 8
1 @ 7 9 2 ; : >
2 g:)1 4
source 3 A @ 1 3(T 1
4 2 3 T 3
5 3 (o) [T 3
—T6 7 5 6T S
7 1 6 7| T 6
8 2 0 @ 8| T 2
9 @ 8 o|T 8
RDFS( 2) Fred
RDFS(8)
Recursive RDFS(Q)
calls RDFS(1)
RDFS(3)
RDFS(5)

RDFS(6) -> Stop



Example

Adjacency List Visited Table (T/F)

0|T 8
0 8
1 @ 7 9 2 ; : >
2 g:)1 4
source 3 4 @ | T !
4 2 3 T 3
35 3 6 ST 3
6 75 6T 5
7 1 6 7T 6
8 2 0 @ 8| T 2
9 @ 8 9| T 8
RDFS(2) Fred
RDFS(8)
Recursive RDFS(Q)
calls RDFS(1)
RDFS(3)

RDFS(5) -> Stop



Example

Adjacency List Visited Table (T/F)

0| T 8
0 8

1 G)7 9 2 T ?

2 @ 1 4 2T -

source T3 4 5 1 T 1
4 2 3 aT 3

5 3 6 ST 3

6 7 5 6T 5

7 1 6 7T 6

8 2 0 @ 8| T 2

9 @ 8 9 (T 8
RDFS(2) Fred

RDFS(8)
Recursive RDFS(Q)

calls

RDFS(1)
RDFS(3) -> Stop



Example

Adjacency List Visited Table (T/F)

o < 0|T 8
1 3 7 9 2 T >
2—B) 1 4 2T -
source 3 4 5 1 T 1
4 2 3 T 3
5 3 6 ST 3
6 7 5 6T 5
7 1 6 7T 6
8 2 0 @ 8| T 2
9 @ 8 9| T 8
RDFS(2) Fred
RDFS(8)
Recursive RDFS(Q)

calls

RDFS(1) -> Stop



Example

Adjacency List Visited Table (T/F)

- : 0T 8
1 3 7 9 2 T °
26 1 4 2T i
source 3 4 > L T k
4 2 3 T 3
5 3 6 ST 3
6 7 5 61T 5
7 1 6 T 6
8 2 0 @ 8| T 2
9 1 8 o T 8
RDFS(2) Fred
RDFS(8)
Recursive RDFS(9) -> Stop

calls



Example

Adjacency List Visited Table (T/F)

01T 8
0 8
1 37 9 2 T °
2—B) 1 4 2T i
source 3 4 5 1 T 1
4 2 3 T 3
5 306 ST 3
6 7 5 6T S
7 1 6 T|T 6
438 2 0 9 8| T 2
9 18 ofT 8
Pred

RDFS(2)
RDFS(8) -> Stop

Recursive
calls



Example

Adjacency List Visited Table (T/F)

ofT 8
0 8

1|7 9
1 3 7 9 2

2T -

— 8 1 4

3
3 4 1 T 1
4 2 3 T 3
5 3 6 ST 3
6 7 5 6 (T 5
7 1 6 7| T 6
8 2 0 9 8| T 2
9 1 8 9| T 8

Pred

Recursive
calls



Example

Adjacency List Visited Table (T/F)

ofT 8
0 3
1T 9
1 37 9 2
2 s 1 4 2| T
3 4 5 1 3T 1
4 2 3 41T 3
5 36 5|7 3
6 7 5 6T 5
7 1 6 7T 6
8 2 0 9 8| T 2
9 1 8 o | T o
Check our paths, does DFS find valid paths? Yes. Pred
Algorithm Path(w)
1. if pred[w] # —1 Try some examples.
2 then Path(0) ->
. Path(6) ->
: h :
3 Path(pred[w]) Path(7) >
4 output w



D0 phtrc tap thoi gian cua DFS
(St dung danh sach ke)
Khéng bao gi& thdm mot nut qua 1 1an
Thuwc hién kiém tra tat ca canh ctia mot dinh
> bac(v) =2m v&im la tong sb canh

Do vay thoi gian tinh ctia DFS ti 18 thuan véi s6
canh va so dinh (gibng BFS)
O(n + m)

Hoac viét:
O(|v|+|e|) |v| = tong s dinh (n)
le| =tong s6 canh (m)



Depth-First Search

%@ e
(@) (e

@ o
o2y d—o

3 DFS dam bdo tham moi dinh lién théng véi dinh ban dau.

3¢ Cho phép xac dinh do thi co lién théng khéng, va tim cac thanh phan lién
théng cua do thi.



U'ng dung cla do thi

Bai toan bao déng truyén (rng (transitive
closure)
Bai toan sap xép topo (topological sort)



Bai toan bao déng truyén trng

Pat van dé: Cho do thi G
Cé6 dworng di tr A dén B khong?



Bao dong truyén trng la gi?
Bao dong truyen wng cuia mot do thi dinh
hwédng cé cling s6 nut véi do thi ban dau.

Néu cé mot dwong di dinh hwéng tir nit a
to1 b, thi bao dong truyén rng sé chira mot

Bao dong truyén ing




Biéu dién do thi dudi dang ma tran ke

Kich thudc cua ma tran  |v| x |v|

01101
//@\\ 00011
1 3) A=01000
K \/ 00100
00010

—_— Y

a — .
tJ O otherwise



Bao dong truyén &ng ctia G(V,E) 1a

A*

SO OO =

if there is a path from ¢ to

n AJ— Al’l‘l:ﬁf\
U OLIICIVWISC

a:
%

- |
\



Bao dong truyén trng va phép nhan ma tran

Xét A2=Ax A




Bao dong truyén rng va phép nhan ma tran

Xét A3 =A2x A
3 — n 2
1) =1 "xL]
az; = at most 3 from ¢ to j
% .
. O otherwise



Bao dong truyén rng va phép nhan ma tran

Xét AF = AF—1 « A




Bao dong truyén rng va phép nhan ma tran

Xét AP = A x AX...x A

Q
Q.

|

QL




Giai thuat Warshall

Algorithm Warshall (A, P, n)
Input: A la ma tran ké biéu dién do thi,
n la sé dinh cda dbd thi
Output: P la bao dong truyén ng cta dé thi

1. P=A;
fork =1 tondo
for i1=1tondo

forj=1tondo

PLIIL] = PLIJL] | PLi][k] & PLK]Li];



D6 phire tap cua phép nhan 2 ma trén
Kich thwédc nxn?

O(n3)

Thwc hién bao nhiéu phép nhan ma tran
Kich thwoc nxn?

O(n)

Po phtrctap O(n?)



Bai todn sap xép topo



Vi du: Cau tric moén hoc

NMTH

«/////// l T:::::::::::::::::::: T
e N /
//\\ \,/ /
303327 | 343 l

336 362



Po thi dinh hwéng, khéng ¢cé chu trinh

Mot la mét chudi cac dinh

(Vgy Vs -+« 5 V)
(v, vi,,) dwoc goi la moét cung (k goi la canh)

Mot la mot dwong di dinh
hwéng vai dinh dau trung vai dinh cudi.

Mét d6 thi dinh hwéng néu
no khong chira bat ky chu trinh dinh hwdng nao



U'ng dung cua doé thi dinh hwédng
P thi dinh hwéng thwdng dwoc si dung dé thé hién cac
cOng Viéc co thw tw phu thudc

Cé6 nghia la céng viéc nay chi bat dau khi cong viéc kia
két thuc

Cac quan hé thu tw rang budc do duwoc thé hién bang
cac cung

Mét cung (i.j) c6 nghia la céng viéc j khéng thé bat dau
cho dén khi cong viéc i két thuc

R& rang, dé cac rang budc khéng bj 1ap vé han
thi do thi phai la khona ¢cé chu trinh.



Bac vao va bac ra

Vi cac canh la c6 dinh hwdng
Phai xem xét cac cung la “di vao” hay “di

”

ra
Khai niém
Bac vao(v)
Bac ra(v)



Bac ra

Tdng sb cung di “ra” khdi v

Tdng s bac ra? (m=#s0 canh)

Z bac ra(v)=m

vertex v



Bac vao

Tdng sb cung di “vao” v
Tong sO bac vao?

Zbac_vao(v) =m

vertex v



Bac _vao(2)?
Bac vao(8)?

Bac ra(0)?




Sap xép topo

Sap xép topo la thuat toan cho doé thj dinh
hwdong khdng co chu trinh

No co ,thé dwoc xem nhw viéc dinh ra moét the
tw tuyén tinh cho cac dinh, véi cac quan hé
thi tw thé hién b&i cac cung




Sap xep topo
Y twéng:

Bat dau va&i dinh ¢ bac vao = 0!

Néu khdng ton tai, dd thi Ia cé chu trinh
Tim dinh j c6 bac vao = 0. Ghi vao day th
tw tuyén tinh
Xoéa dinh i va cac cung di ra khai dinh i khoi
do thi
DO thi m@i van 1a dinh hwéng khéng cé chu
trinh. Do do, lap lai bwéc 1-2 cho dén khi
khéng con dinh nao trong do thi.



“ > A
Gial thuat
Algorithm TSort(G)
Input: a directed acyclic graph G
Output: a topological ordering of vertices
initialize 2 to be an empty queue;
for each vertex v
do if indegree(v) = 0 *
then enqueue(Q,v);
while @ is non-empty
do v := dequeue(Q); <
output wv;

for each arc (v, w) Giam bac vao(w)
do indegree(w) = indegree(w) — 1; <

Tim tat ca dinh bat dau

©XNOOAEWNH=

|_I.
=

iIf indegree(w) = 0

11. then enqueue(w); Thém cac dinh bat dau
m&i vao Q

The running time is O(n 4+ m).



Vi du

start

Bac vao

o|—16]11]4

2|—7]|5
—»
N
N
N
N
N

1 [—12

Q={0}

OUTPUT: O



Bac vao
— |0 |—16]1]|4 010
1[—12 111 |-1
2|—7]5 2|2
3| —18 311
4 [—15] 41 ]-1
519 512
6[—13]2 6(1]-1
7—»? 711
8 |19 812
9 912

Dequeue 0 Q ={}
-> remove 0’s arcs — adjust
indegrees of neighbors

Decrement O’s
neighbors

OUTPUT:



Bac vao
— |0 |—16]1]|4 00
1[—12 1o
2|1 —7]|5 2|2
3|—18 3|1
4|5 4lol—
5|19 5|2
6| —13]2 60—
7|l 7|1
8 |—|9 8|2
9 9|2

Dequeue0 Q={6,1,4}

Enqueue all starting points Enqueue aII'
new start points

OUTPUT: 0



Bac vao

N
AN
- QD

HIW(N

TS S S S A A O

Qi |IN O |(~h|WIN =OC
NINI={OOIN O =N IO O

OO N O

Dequeue 6 Q={1,4}
Remove arcs .. Adjust indegrees
of neighbors

Adjust neighbors
indegree

OUTPUT: 06



Bac vao
ol —16]|11]4 010
1112 110
2|—17]5 21
3|18 3[0F——
4|75 410
5119 512
6 3|2 610
7—»?_ 711
8| —19 812
9 912

Dequeue 6 Q={1,4, 3}

Enqueue 3 Enqueue new

start

OUTPUT: 06



Bac vao
ol —16]|11]4 010
1112 110
2|—17]|5 2111
3|18 310
45 alo
51719 5|2
6| 3]z 610
7|{8] 711
8| —19 812
9 912
Dequeue 1 Q={4, 3}
Adjust indegrees of neighbors QS%USt neighbors

OUTPUT: 061



Bac vao
ol —16]|11]4 010
1112 110
2|—7|5 2|0 F—
3|18 310
45 alo
5|19 5|2
6 |—3]2 610
7—-{s] 71
8 |—f9 8|2
9 9|2

Dequeue 1 Q={4,3,2}

Enqueue 2 Enqueue new

starting points

OUTPUT: 061



Bac vao

&)
AW IN = O

TS S S S A A O

NINI={OOIIN O OCIODO|IO | O

Qi |IN O |(~h|WIN =OC

OO N O

Dequeue 4 Q={ 3,2}

Adjust indegrees of neighbors Adjust 4's

neighbors

OUTPUT: 0614



Bac vao
ol —16]|11]4 010
1112 110
2[—7]5 210
3|18 310
45 alo
519 511
6| —{3]2 610
7|{8] 711
8 |19 8|2
9 9|2

Dequeue 4 Q={ 3,2}

No new start points found NO new start

points

OUTPUT: 0614



Vi du

Bac vao

o|—16]11]4

1 [—12

N
}o
AN o
{h

D
g
Qn

o
Mo
%
e.u
w..m.
eA
)]

OUTPUT: 06143



Vi du

Bac vao

o|—16]11]4

1 [—12

{2}

No new start points found

Dequeue 3 Q

OUTPUT: 06143



Vi du

Bac vao

o|—16]11]4

1 [—12

—|2|—7]|5

{}

Dequeue 2 Q

Adjust 2’s neighbors

OUTPUT: 061432



Vi du

Bac vao

O O D DO
O |T™([N| M| T
4

~ 0

© AN N~ 00— 0
O~ (N[ | <

{9, 7}

Dequeue 2 Q
Enqueue 5, 7

OUTPUT: 061432



Vi du

-1

Bac vao

O OO OO O O DO | N
AUAIQLQUA_._._QAO—,ISQ
_
4
~ lp) 2_
O| (N M| T OO/ O[O O
(7))
o
@)
o)
}.mJ
S
{n
__._AM.U
C3
0 2
()
35
()
-0
O
()
()]

OUTPUT: 0614325



Vi du

Bac vao

OO0 OO IO
O|™([N| M| T O© | M| 00
4

~ lp) (Q\ _

O|~( NN M| < O | M| 00

()]
}m
~ o
—
__nwU
g c
0 >
@
- )
5
-
o
D
(M)

OUTPUT: 0614325



Vi du

Bac vao

1
1

OO0 OO IO

O|™([N| M| T O© | M| 00

4

~ lp) 2_

O|~( NN M| < O | M| 00

={}
Adjust neighbors

Dequeue 7 Q

OUTPUT: 06143257



Vi du

Bac vao

O I OO OO OO PO

O|™([N| M| T _._3 O© | M| 00
_

4

~ lp) (Q\ _

O|~™( N M| | O | O (o 0]

={8}
Enqueue 8

Dequeue 7 Q

OUTPUT: 06143257



Vi du

Bac vao

O I OO OO O OO

O|™([N| M| T _._3 O© | M| 00
_

4

~ lp) (Q\ _

O~ N M| T O|O©|NM

"8 |—{9

{}

Adjust indegrees of neighbors

Dequeue 8 Q

OUTPUT: 061432578



Vi du

Bac vao
ol —16]|11]4 010
112 110
2|1—]7]5 210
3| —]s 310
4115 410
© [s]s {50
6 —13]2 610
A= 716
— |8 |—19 810
Dequeue 8 Q={9} 9 9{0+—

Enqueue 9
Dequeue 9 Q={}
STOP — no neighbors

OUTPUT: 061432578 9



Vi du

OUTPUT: 061432578 9



Sap xép topo: Bd phtrc tap
Khong bao gi¢’ tham 1 dinh nhiéu hon 1
lan
V&i mbi dinh, phai xét tat ca cac cung ra
2 bac ra(v) =m

Po phire tap vé thei gian: O(n + m)



Cau trac dir liéu va giai thuat

Po6 Tuan Anh
anhdt@it-hut.edu.vn




NOI dung

hwong 1 — Thiét ké va phan tich (5 tiét)
hwong 2 — Gidi thuat dé quy (10 tiét)

nwong 3 — Mang va danh sach (5 tiét)
hwong 4 — Ngan xép va hang doi (10 tiét)
hwong 5 — Cau tric cay (10 tiét)

hwong 8 — Tim kiém (5 tiét)

hwong 7 — Sap xép (10 tiét)

hwong 6 — DO thi (5 tiét)

hwong 9 — Sap xép va tim kiém ngoai (after)

OO0 O0OO0O0000O0




Chwong 7 — Sap xép

Ppat van dé

Ba phwong phap sap xép co ban
Sap xép lwa chon — Selection Sort
Sap xép thém dan — Insertion Sort
Sap xép ndi bot/ddi chd - Bubble Sort

Sap xép hoa nhap — Merge Sort
Sap xép nhanh/phan doan — Quick Sort
Sap xép vun dong — Heap Sort



1/ Dat van deé

Sap xép la cac thuat todn bo tri lai cac phan tl
cua mot mang A[n] theo mét thir tw nhat dinh.

Viéc sé‘p xép dwoc tién hanh dwa trén khoa
cua phan tw. Vi du: dan,h muc dién thoai gobm:
Tén co quan, dia chi, s dién thoai.

Pon gian bai toan:

-Khoa la cac gia tri sO

-Phan t& chi co trwdng khda, khéng cé cac
thanh phan khac

-Sap xép theo th tw tang dan



2. Ba phwong phap sap xép co ban

Sap xép lwa chon — Selection Sort
Sap xép thém dan — Insertion Sort
Sap xép nodi bot/ddi chd - Bubble Sort



Sap xép lwa chon
(Selection Sort)

La phwong phap don gian nhat
Sap xép Iwa chon:

+Tim phan tt c6 gia tri nhé nhat va doi cho véi
phan t&r chi s6 0 (phan tir dau cua mang).

+Tim phan t& c6 gia tri nhé nhat trong s6 cac
phan t& chi s6 1 dén chi so n-1 va doi cho vé&i
phan t& chi sb 1.

+ Tim phan t& co gia tri nhé nhat trong s6 cac
phan t& chi s6 2 dén chi s6 n-1 va doi cho voi
phan t& chi s 2.



Selection Sort: Lwot 1

Array [0 ]
[1]

[2]

[3]

A

[4]

Om-H20$0WZC




Selection Sort; Két thic lvot 1

Array [0]
[1]
[2]
[3]
[4]

QORTED

Om-H200WZC



Selection Sort: Lwot 2

Array [0 ]

QORTED

[1]

[2]
[3]
[4]

Om-H200WZC



Selection Sort: Két thuc lwot 2

Array [0 ]
SORTED
[1]

[2]
[3]
[4]

Om-H2$0WZC

10



Selection Sort: Luvot 3

Array [0]
[1]
[2]
[3]

[4]

SORTED

Om-H2$0WZC

11



Selection Sort: Két thuc lwot 3

Array [0 ]
[1]

[2]

[3]

(4] UNSORTED

Om-<H2$0W0

12



Selection Sort: Luot 4

Array [0]
[1]
[2]
[3]

[4]

UNSORTED

Om-<H2$0W0

13



Selection Sort; Két thac lvot 4

Array [0]
[1]
[2]
[3]
[4]

Om-—1 00w

14



Sglection Sort:
SO phép so sanh?

Array [0]
[1]
[2]
[3]
[4]

4 so sanh cho phan ttr [0]
3 so sanh cho phan tir [1]
2 so sanh cho phan tir [2]

1 so sanh cho phan tir [3]

=4+ 3+2+1

15



PO phtre tap vé thdi gian

S6 phép so sanh khi mang cé N phan t:

Sum=(N-1) + (N-2) +. . . + 2 + 1

N-1
Sum = Zi - W _ZI)N O(N?)
=1

16



Vi du: Sap xép lwa chon

13|14 |7 |8|3|9]|16
$1 t

3147|8139 |16

314,789 13|16
*

Sap xép Iwa chon la thuat toan sap xép ngay tai ché : khéng can s
dung thém b6 nho.

Xau nhat: O(n?)
Tt nhét: O(n?)

Trung binh: O(n?)



Sap xép lwa chon

void SelectionSort (int A[], int n)

/I Sap xép mang A[0 . . n-1 ] theo thi tw tang dan
{

for (int current=0; current<n -1 ; current++)

Swap (A [ current], A[ GetMin ( A, current,n-1)1]);

18



int GetMin (int A[], int start, intend)

/I Tim chi s6 cha phan tir cé gia tri nhé nhat trong mang
Il A [start] .. A [end].

{
int indexOfMin = start ;

for (int i =start+1; i<=end; i++)
if (A[i]<A][indexOfMin])
indexOfMin =i ;

return indexOfMin;

19



Sap xép thém dan
Insertion Sort

Sap xép cac quan bai?

0%

Mai lan “chén” thém mét
quan bai vao tay cam bai,
cac quan bai trén tay da
dwoc sap xép.

Pé chén 12, can phai tao
khoang trong cho né bang
cach dich chuyén 36 trwéc
va sau dé dich chuyén 24.

20



Sap xép thém dan
Insertion Sort

Sap xép cac quan bai?

Mai lan “chén” thém mét
quan bai vao tay cam bai,
cac quan bai trén tay da
dwoc sap xép.

Pé chén 12, can phai tao
khoang trong cho né bang
cach dich chuyén 36 trwéc
va sau dé dich chuyén 24.

21



Sap xép thém dan
Insertion Sort

Sap xép cac quan bai?

Mai lan “chén” thém mét
quan bai vao tay cam bai,
cac quan bai trén tay da
dwoc sap xép.

Pé chén 12, can phai tao
khoang trong cho né bang
cach dich chuyén 36 trwéc
va sau dé dich chuyén 24.

22



Sap xép thém dan
Insertion Sort

Sap xép cac quan bai?

Mai lan “chén” thém mét
A0 12 quan bai vao tay cam bai,

cac quan bai trén tay da
dwoc sap xép.

Pé chén 12, can phai tao
khoang trong cho né bang
cach dich chuyén 36 trwéc
va sau dé dich chuyén 24.

23



Sap xép thém dan
(Insertion Sort)

Twong tw nhw cach sap xép cac quan bai.

3 RUt 1an lwot tieng phan to A[1], ..., A[n-1], dwa vao mot bién
temp.

%% Vi moi phan tir Afi] duoc xét, dich chuyén nhitng phan t& I6n hon
temp trong so cac phan tw tiw A[0] .. Afi-1] sang bén phai mot vi tri
dé 14y chd chén temp.

> o> temp
Al | A[0] | Al1] Ali-11| Alil | ... JAIn-1] | Alil
ﬂ f\\//
A | A0]|... | AK]| ALl AK+1]...|Al-1]] ... A[n-1]
\ J \ J

< AJi] > A[il



Vi du

,@/@ 5 23 13 17
7 19 23 13 17
5 7 19 @ 13 17
5 7 w 17
5 7 13, 19 23 (7)

N
5 7 13 17 19 23



Thuat toan

void InsertionSort(int A[ ], int n)

{

int 1, j;
int temp;

for (j=1; j < n; j++) {
temp = A[]j];
// chén A[j] vao chudéi A[O0], .., A[j-1]
i=3j-1;
while (i >=0 && A[i] > temp) {
A[i+1l] = A[i];
i=1i -1;
}
A[i+l] = temp;



Twng bwoc thwe hién

Méang dau vao:

34 8 64 51 32 21

j=1; temp = 8§;

34 > temp, dich chuyén 34 mot vi tri (sang vi tri thi 2).
Pat dén dau danh sach. Do do, vi tri th& nhat = temp
Sau buwdc lap dau tién: 8 34 64 51 32 21

(2 phan t&r dau da dwoc sap xép)

] =2; temp = 64;
34 < 64, khéng can dich chuyén va thiét 1ap vi tri thi 3 = 64
Saubuwoclap2: 8 34 64 51 32 21

(3 phan tlr dau da dwoc sap xép)




] =3; temp = 51;
51 < 64, dich chuyén 64,taco: 8 34 64 64 32 21,
34 < 51, dirng lai, thiét 1ap vi tri ther 3 = temp,
Sau buwéc lap th 3: 8 34 51 64 32 21
(4 phan t& dau da dwoc sap xép)

| =4; temp = 32,

32 < 64, ta co: 8 34 51 64 64 21,

32 <51, ta co: 8 34 51 51 64 21,
32 < 34, ta co: 8 34 34 51 64 21,

32 > 8, dirng tai vi tri thi 1, thiét [ap vi tri thi 2 = 32,
Sau bwoc lap thw 4. 8 32 34 51 64 21
j=9;temp=21, ...

Sau buwoclapthir 5: 8 21 32 34 51 64




Phan tich InsertionSort

Té6t nhat?  Mang da dwoc sap xép theo thi tw ting dan.

A[0] < A[1] < ... < A[n-1]

M6i bwdc 13p chi can mot phép so sanh. Khong dich chuyén.
Thoi gian tinh: O(n)

Xau nhat?  Mang da dwoc sap xép theo thi tw gidm dan.

A[0] > A[1] > ... > A[n-1]

Buwdc lap the j can dich chuyén j 1an.
1+2+ ... + n-1 = n(n-1)/2 sb 1an dich chuyén.

Thei gian tinh: O(/F )



Phan tich InsertionSort

void InsertionSort(int A[ ], int n) {
inti, J;
int temp;

for (j=1;j <n; j++) {

temp = A[j];

Il chén A[j] vao chudi A[0], ..., A[j-1]

i =j-1;

while (i >=0 && A[i] > temp) {
Ali+1] = A[i]; L VI SIS VT
i=i-1: Tai bw¢e lap tho |, mot nwra SO phan tw dwng

} trwdc Afj] la Ion hon A[j] va can dich chuyeén.

A[i+1] = temp;

} Trung binh, tong so6 dich chuyén:

12 +2/2 + ... + (n-1)/2 = O(n°)

Sap xép thém dan c6 thoi gian tinh trung binh va
xau nhat la xap xi nhau



Sap xép ndi bot/ddi chod
Bubble Sort/Exchange Sort

Array [0]
[1]
[2]
[3]
[4]

36

24

10

6

12

So sanh tirng cap phan tr
ké can, bat dau v&i tir cuoi
mang, néu ngwoc thir tw thi
doi chdé ching cho nhau.

Qua maéi lwot, phan tir nhé
nhat sé “noi lén trén” va
chuyén den dung vi tri cua
no.

31



Bubble Sort: Lwot thir 1

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

Om-H20$0WZC

32



Bubble Sort: Lwot thy nhat

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

Om-H20$0WZC
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Bubble Sort: Lwot thy nhat

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

Om-H20$0WZC
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Bubble Sort: Lwot thy nhat

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

Om-H20$0WZC

35



Bubble Sort: Két thuc lwot 1

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

QORTED

Om-H20$0WZC

36



Bubble Sort: Lwot 2

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

QORTED

Om-H20$0WZC



Bubble Sort: Lwot 2

Array [0]
[1]
[2]
[3]
[ 4]

36

24

10

12

QORTED

Om-H20$0WZC
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Bubble Sort: Lwot 2

Array [0]
[1]
[2]
[3]
[ 4]

36

10

24

12

QORTED

Om-H20$0WZC
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Bubble Sort: Két thuc lwot 2

Array [0]
[1]
[2]
[3]
[ 4]

10

36

24

12

<ORTED

Om-H20$0WZC

40



Bubble Sort: Luwot 3

Array [0]
[1]
[2]
[3]
[ 4]

10

36

24

12

<ORTED

Om-H20$0WZC

41



Bubble Sort: Luwot 3

Array [0]
[1]
[2]
[3]
[ 4]

10

36

12

24

<ORTED

Om-H20$0WZC

42



Bubble Sort: Két thuc lwot 3

Array [0]
[1]
[2]
[3]
[ 4]

10

12

36

24

<NSORTED

Oom-H23$0W0

43



Bubble Sort: Luwot 4

Array [0]
[1]
[2]
[3]
[ 4]

10

12

36

24

<NSORTED

Oom-H23$0W0

44



Bubble Sort: KEét thuc lwot 4

Array [0]
[1]
[2]
[3]
[ 4]

10

12

24

36

Om—-=20$0W0



void BubbleSort (intA[], Int n)

[* Sap xép mang A[n ] theo thir tw ting
dan */

{

for (inti=0;i<n-1;i++)
BubbleUp (A,i,n-1);

46




void BubbleUp (int A[], intstart, intend)

Il Poi ché cac phan tir ke can ngwoc thir tw
trong day tw A[start] va A[end], bat dau tai
{ Alend].
for (int j=end; j>start; j--)
if (A[jI<A[j-1])

Swap (A[jl,A[j-1]);

47




Céc thuat toan sap xép va so phép so sanh trung

binh

Cac thuat toan sap xép don gian

Selection Sort
Bubble Sort
Insertion Sort

O(N2)

Cac thuat toan sap xép phirc tap hon

Quick Sort
Merge Sort
Heap Sort

O(N*log N)

48



3. Sap xép kiéu hoa nhap
Mergesort

Duwa trén chién lwgc chia dé tri

Chia day khoa thanh 2 day nhé hon co kich
thwde bang nhau

Tri: Sap xép méi day khoa
Hoa nhap 2 day da sap xep thanh 1 day da sap
Xép



MergeSort: Bwdc chia va tri

Sap xép mdt mang n sb nguyén.
Dwa trén chién lwoc chia dé tri :

4 Chia:
mang
hai bai toan, méi bai / \
toan co kich thudc mang trai mana phai
= 4 kich thuéic bai 9 gp

toan ban dau / \ / \

<+ Tri



Mergesort: bwdc hoa nhap

<4 Hoboa nhép

Chia day nhw thé nao? Thai gian tinh?
Hoa nhap 2 day da sap xép nhw thé nao? Thoi gian tinh?



Vi du

-9, 21,33, 0, 5, -18, 13

/

-9, 21,33,0

A

-9 -9 21 21 33

9, 21 9. 21 33, (ﬁ\

-9, 0, 21, 33

-18,-9, 0, 5, 13, 21, 33

05

O\

5,-18, 13 -18, 5, 13
5,-18 -18, 5 13
5 -18 -18




Chia nhw thé nao?

Néu day dau vao dwoc lwu dwédi dang danh
sach mac ndi: thao tac chia mat
Quét toan bd danh sach, dirng lai tai phan t& thiy
| N/2] va cat moc ndi

Néu day dau vao la mang: thao tac chia mat

Pau vao A[left. .Right]

Pau ra;

Al left. _center] va Alcenter+1. _.Right]
vOoi center=(left+right)/2



Giai thuat Mergesort
Chia dé tri

Sap xép mot cach dé quy véi ca hai ntra chia
duoc
hda nhap 2 nira sau khi sap xép lai véi nhau

void mergesort(vector<int> & A, int left, int right)

{
if (left < right) {
int center = (left + right)/2;
mergesort(A,left,center);
mergesort(A,center+l,right);
merge (A,left,center+1,right);



L

/»..1_H_
]

5]

\/

{3

L |

\/

~,

(8

\/

6

-]

\/

LF

o

{3

-

(8

N




Hoa nhap nhw thé nao?
Pau vao: 2 mang da sap xép Ava B
Pau ra: mét mang tbng hop C dwoc sap xép

Ba bién chi sb: Actr, Betr, and Cctr
ban dau chi dén phan t&r dau cua tirng mang twong trng

1 1132426 2 1152738

T T T
Actr Betr Cctr

vi tri tiép theo trong C, tang bién chi s6 ciia mang twong
rng.

(2) Néu mét trong hai day két thac, copy phan con lai cla
day kia vao C




Vi du: Phép hoa nhap

1 13|24 |26 2 15|27 |38
T 1 T
Actr Bcetr Cetr
1 1132426 2 | 15|27 | 38 2
T T i
Actr Betr Cortr
1 13|24 |26 1527 | 38 13
) ) )
Actr Betr Ccir
1113|124 |26 15|27 | 38 13115
) T )
Actr Betr Cetr
1113|2426 15127 | 38 1311524
T i )
Actr Betr Cetr




Vi du: Phép hoa nhap

1 (13124 |26 2 115127 | 38 1 2 11311524
T T T
Actr Betr Cctr
1113|2426 2 11527 | 38 1 2 113115124 | 26
T ) T
Artr Retr Cctr
11132426 2 |15 2738 1 2 1311524 (2627 |38
T ) T
Actr Betr

Cctr
>4 Thoi gian tinh:

= Thao tac hda nhap mat O(m1 + m2) véi m1 va m2 1a kich thwéce cia
hai mang.

~<BO nho:
mviéc hoda nhap hai day can st dung thém O(m1+m2) khéng gian nh&
mngoai ra con phai copy sang mang tam C va copy nguoc lai



Algorithm merge(A,p,q,r)

Input: Subarrays A[p..l] and Afq..r] s.t. p<l=¢qg—-1<r.
Output: A[p..r] is sorted.

(x T is a temporary array. *)

1. k=p, 1=0,l=q— 1,

2. while p<land g<r

3. do if A[p] < Alq]

4. then T[i] = Alp]; i=i+1; p=p+ 1;
5. else T[] =Alq];i=t¢+1, g=q+ 1;
6. while p <

7. do T[i] =Alp]; i=i+ 1, p=p+ 1;

8. while ¢ <r

0. do T[] =Alq]; i=i+1, ¢g=q+1;

10. fori=ktor

11. do A[il =T[i — k];



Péc phire tap cua mergesort

Goi T(N) la thoi gian tinh trong truo’ng hop xau
nhat cia mergesort dé sap xép day cé N phan to.

Gia st N la |ty thira cua 2.

Bwoc chia: O(1)
Buoc tri: 2 T(N/2)
Bwdc hoa nhap: O(N)

Cong thic & quy:
T(1) =1
T(N) = 2T(N/2) + N



P phic tip aim mergesort

T(N)= 2T(%)+N Vi N=2k, ta c6 k=log, n
AT N
42 T(N) = 2°T(0) + kN
= 4T(E) +2N 2
4 =N+ NlogN
_ 4(2T(%) ' %) LN =O(NlogN)

= sz(zﬁk)JrkN {fﬁ b6 phirec tap vé bo nho:
O(n) don vi bd nhé can cap phat thém.



3. Sap xép nhanh/phan doan
(Quick Sort/ Partition Sort)

Buoc coi la thuat toan nhanh nhat trong
thwce té
Thoi gian tinh trung binh: O(N log N)
Xau nhat: O(N2)

Nhwng tredng hop xau nhat hiem khi xay ra.
La mot thuat toan de quy chia dé tri, gidng
nhw sap xép hoa nhap (merge sort)



Buwdce chia: Quicksort

Chon mét phan ti bat ky (chot-pivof) v
trong S
Phan S thanh 3 nhdm (phan doan):

S1={xeS—{v}|x<v} I I

v \

S2={xeS—{v}| x>V} I []
g

Buwdece tri: dé quy voi S1 va S2 N
S
Budc phéi hop: doan S1 da dwoc
sap xép
 tiép den la v, va cudi cuing I . . i \
la S2 da dwoc sap xép
Sl
g ~ LN —— _
Cic so nhé v Cdc s6 lén hon hodc

hon v bang v



Example: Quicksort

_'_._'_._'_'_._'_‘_'_ __‘_\_\—\R—“\
R “ 31 57 75 0
13 - 260
92 635
select pivot
4
_:—'—'_'_.-'_‘_'_'_'_‘_'_._'_ _\_\_\_\__‘_\_\—\—\_\_\-\_\_\-\‘
R 357 75 0
43
13 26
_'_‘_'_'_'_,_,_:-'-""_P-
- -

partition



Example: Quicksort...

quicksort small quicksort large
¢
Ny e




Giai thuat
Pau vao: mang Alp, r]

Quicksort (A, p, 1) {
if (p<r){
q = Partition (A, p, r) // q la vi tri cia phan tir chot
Quicksort (A, p, q-1)
Quicksort (A, g+1,r)



Phan doan

Phan doan
Buwdc chinh cla thuat toan sap xép nhanh

Muc dich: v&i moét khoa da cho, phan cac
phan t&r con lai thanh 2 phan nhé hon

Co nhiéu cach thye hién
Chung ta sé xem xéet mot cach phan
doan don gian va hiéu qua.
Lam cach nao dé chon “chdt”’ sé dwoc
xem xét sau



Giai thuat Phan doan

Phan doan mang Alleft .. right]

Pau tién, rat phan tr chotplvot ra bang cach

dd6i chd nd vai phan ti cudi. (d6i chd pivot va
Alright])

Thiét 1ap i = left, j = right — 1

doi cho
[ | |




Giai thuat Phan doan
Mudn co:
A[p] <= pivot, vOoi p <
A[p] >= pivot, voi p > |
Khii <] i J
Dich chuyén i sang phai, bé qua nhirng phan t&* nhd
hon pivot
Dich chuyén j sang trai, bé qua nhirng phan tl I&n hon
pivot
Khi cd i va j déu dirng
A[i] >= pivot
A[j] <= pivot

15176 i[5 s ' 6 % 55 5. 2 I
I I | I

i J i j

<= pivot




Giai thuat phan doan

Khiivajdingvai<j

Pdi cho All] va A[j]
Phan ti I6n dwoc day sang bén phai va phan t& nhd
dwoc day sang bén trai

Sau khi déi chd
A[i] <= pivot
A[j] >= pivot

L&p lai cho dén khi i va j giao nhau

60|ch6




Giai thuat phan doan

Khi | va j giao nhau 5 3 4 19 6 12
Pbi ché A[i] va pivot
Két qua la:
A[p] <= pivot, voip <I
A[p] >= pivot, voi p > |




Phan tich

V61 mang co kich thuodc nho, quicksort khong
hiéu qua bang insertion sort

Vi quicksort mat thoi gian & goi ham déquy
Khong nén sirdung quicksort cho cac mang
cO kich thuoc nho

Insertion Sort kha hiéu qua ddi Wi cac mang co
Kich thudc nho



Lwa chon chot - pivot

Chon phan t& dau tién Ia chodt
Néu dau vao la ngau nhién, ok
Néu dau vao la da sap xép (hoac theo thr tw nguwoc
lai)
tat ca phan tlr dwoc sé nam trong S2 (hoadc S1)
Piéu nay lai tiép tuc I3p lai trong cac lan dé quy tiép
theo
Thoi gian tinh [a O(n?)
Chon chot ngau nhién
twong déi an toan
viéc chon s6 ngau nhién co thé ton thoi gian



Lwa chon chot - Pivot

Lwa chon phan ti trung vi cila mang lam chot
Viéc Qhén q’oan lubn tach déi thanh hai mang c6 dé
dai (gan) bang nhau
Thuat toan quicksort toi wu (O(N log N))

Tuy nhién, rat kho dé tim dwoc trung vi



Chot: trung vi cua ba khoa
Thay vao do, ta chon chét la tru,ng vi cua t?a khoa ‘
So sanh ba phan t: trai nhat, phai nhat va phan t&r gitra mang
P6i chd cac phan tir dé thu dwoc

Alleft] = Nhé nhat trong ba phan tl
A[right] = Lén nhat trong ba phan tw
A[center] = Trung vi cta ba phan t&

Chon A[center] lam chot

Pbi chd A[center] va A[right — 1] d& chét nam & vi tri canh vi tri
phai nhat (tai sao?)

median3 int center = ( left + right ) / 2;
if( a[ center ] < a[ left ] )
swap( a[ left ], a[ center ] );
if( a[ right ] < a[ left ] )
swap( a[ left ], a[ right ] };
if( a[ right ] < a[ center ] )
swap{ a[ center ], a[ right ] );

// Place pivot at position right - 1
swap( a[ center ], a[ right - 1] );



Chét; trung vi cla 3 khoa
Alleft] = 2, A[center] = 13,
A

5 6 4 3 12 19 Pbi chd A[center] va A[right]
5 6 4 B 3 12 19 Chon Afcenter] lam chét

pivot

5 6 4 19 3 12. Péi chd chét va Alright — 1]

pivot

Chu y: chi can phan doan trén Afleft + 1, ..., right — 2]. Tai sao?



Thu tuc Quicksort

if( left + 10 <= right )
{
Comparable pivot = median3( a, left, right );

// Begin partitioning

int i = left, j = right - 1;

for( ; ;)

{
while( a[ ++1 ] < pivot ) { }
while( pivot <a[ --j 1) {}
if(i <3j)

swap( al 1], al ] 1)
else
break;

}

swap( a[ i ], a[ right - 1] ); // Restore pivot

guicksort( a, i + 1, right ); // Sort large elements
}
else // Do an insertion sort on the subarray

insertionSort( a, left, right );

quicksort( a, left, i - 1): // Sort small elements _



Giai thuat phan doan

Chi lam viéc v&i chot 1a trung int i = left, j = right - 1;

vi cua ba khoa. gur( D
Q[J/iftt] <= pivot va Alright] >= while( a[ ++1 ] < pwat ) {1}
Do d6, chi can phan doan mang ?};1(1?({']?? <al -3 1) 41
A[Ieft'l' 1, . rlght—Z] EWEP( ﬂ[ 3 ]‘ al :| 1):
else
j khdng can bat dau ttr phan } break;
tor dau

vi a[left] <= pivot
i khdng can bat dau tir phan
ter cudi

vi a[right-1] = pivot



Quicksort nhanh hon Mergesort

Ca& Quicksort va MergeSort déu mat O(N log N)
trong trweong hop trung binh.

Tai sao quicksort nhanh hon mergesort?

Vong lap trong gom mot phép téng dan/gidm dan (1 don
vi, nhanh), mét phép kiém tra diéu kién va mot Ilénh and a
jump.

Khéng co6 thao tac hoa nhap (juggling) nhw mergesort.

int 1 = left, j = right - 1;
for( ; ;)
{
while( a[ ++1 ] < pivot ) { }
while( pivot <a[ --7 1) {}
if(i<3)
swap( a[ 1], a[ 3 1)
else
hreak;



Phan tich do phwc tap

Gia su:

Chét ngau nhién (khédng s dung phan doan

trung vi cua ba khoéa)

Khéng cat nhirng doan co kich thwée nho
Thot gian tinh

Lwa chon chét: hang s6 - O(1)

Phan doan: tuyén tinh O(N)

Thoi gian tinh cua 2 1o goi dé quy
T(N)=T(i)+T(N-i-1)+cN trong do c la
hang so

i: 1a sO phan ti trong doan S



Trwdng hop xau nhat

Trwdng hop ndo 1a xau nhat?
Chét dwoc chon ludn 1a phan t&r nhé nhat

Vié‘c phan doan luén bi Iéch (mcf)t doancd 0
phan t&r, m6t doan c6 N-1 phan tw)

T'(N)
T(N - 1)
T(N —2)

T(N —1) +¢N
T(N —2)+c(N —-1)
T(N - 3) +¢(N - 2)



Trwdng hop tot nhat

Trwdng hop nao 1a tot nhat?

Viéc phan dqan ludn tao ra 2 doan co kich
thwdc can bang.

Chot dwoe chon ludn la trung vi cia mang

T(N) = 2T(N/2)+ N
TN) _ T(N/Z
N N/z
T(N/2Z) _ T(N/4)

N{2 — Nj4
TN/ _ T8
Nj4 N{8 *
@ _ TQ)

2 T 1 °F¢
Ty _ TQ)

T — 1 +ﬂlﬂgN

TIN) = eNloghN+ N =0(Nlogh)



Trwong hop trung binh

Gia su:
Mai 1an phan doan, kich thuéc ctia S1va S2 13
twong doi can bang
Gia dinh nay kha dung khi chon chot 13
trung vi cua ba khoa
Trong triro'ng ho trung binh, thoi gian tinh
la O(N log N)



Pat van de
3 yéu cau cong viéc dwoc glri t&i cho may in A, B, C.
So trang: Céng viéc A — 100 trang
Cong viéc B — 10 trang
Cong viéc C — 1 trang
Thei gian doi néu st dung FIFO:
(100+110+111) / 3 = 107 don vi thoi gian
Théi gian doi trung binh néu lwa chon céng viéc ngan nhat
trwvoce:
(1411+111) / 3 = 41 time units
Can co mét hang doi cho phép Va



Hang doi wu tién
Priority Queue

3 thao tac:
Thém mét phan tl& theo mrc wu tién phu hop.
Xda phan t& ¢ mdc wu tién cao nhat

Truy cap phan t& cé m&c wu tién cao nhat
(khdng xo6a)



Ung dung cuta Priority Queue

Trong phan I&n cac rng dung, cac phan t& ctia PQ 1a mét cdp khoa-qia tri.

Mdc wu tién Nhiém vu

i Hé théng mé phéng cac sy kién phu thudc thei gian (vi du: bai
toan giao théng trong san bay)

% Lich trinh cac tién trinh cta hé diéu hanh (chia sé thoi gian)

% La cau trdc dv liéu quan trong thyc hién r)hiéu giai thuat (bai toan
tim cay khung nhé nhat, tim dwdng di ngan nhat, ...)



Xay dwng Priority Queue

Danh séach két ndi khédng c6 thi ty
Thém: O(1), x6a: O(N), truy cap: O(N)
Mang cé th tu:
Thém: O(N), x6a: O(N), truy cap: O(1)
Danh sach két ndi cé thir ty:
Thém: O(N), xoa: O(1), truy cap: O(1)
Cay nhij phan tim kiém
Thém, x6a: O(log N) — trung binh, O(N) — xau nhat; truy
cap: O(1)



Xay dwng PriorityQueue st dung Dong

Hé tro cac thao tac rat hiéu qua
Truy cap phan tl nhé nhat; O(1)
Thém phan t&: O(log N)

X6a phan t& nhd nhat; O(log N)



Pong (Heap)

Cay nhi phan co dé cao h
¢ day du it nhat dén do séu h — 1

¢ c6 thé thiéu mdt sb nut bén phai nhat & do sau h

Vi du
P6sau0

Do sau 1

Bosauh




Thubc tinh cua Heap

Gi tri [NUtCha(i)] > Gia tri [,

1> 1



Lwu trdr Heap st dung Mang

2111811419 |11 |10 8|S |3 |6 |2 |7

Dé dang truy cap cac nut quan hé cha con:

Nh& (i-1)/2

Q nat th /

intarr[] ={21, 18, 14,9, 11,10, 8,5, 3,6, 2, 7 };
int arrSize = sizeof(arr) / sizeof(int);



Liéu c6 nén lwu trir heap bang danh séch
lien két”?



Cac thao tac voi Heap

Thém mdt phan to
Xda phan t&r dinh



Thém mot phan tlr vao dong

Thém mot phan t& méi vao day cta dong
Vun lai ddng tr duwéi 1én (reheapUp)



S\

Not a heap reheapUp

A heap



(@) Thém phén tir mé&i vao nut 14 cudi cung

(c) Tiép tuc "vun" dén khi cay Ia mét déng




reneapUp

void reheapUp(int a[], int k)
{
while (k>0 && a[(k-1)/2] < a[k])
{
exchange (al[k], a[(k-1)/2]);
k = (k-1)/2;



b6 phire tap cua reheapUp = O(logN)



Xda phan tr dinh cia dong

Poi chd phan t&r dinh bang phan t& day
cudi cling

Thiét 1ap kich thuwéc dong gidm di mét
phan to

Xép lai ddng ttr trén xudng (reheapDown)



g5, &

Not a heap
reheapDown

A heap



(a) cay ban dau: khong phai déng

(b) Chuyén nat géc xubng duéi

(c) Chuyén dén khi cay la déng




reneapDown

void reheapDown (int a[], int k, int

N) {

while (2*%k <= N-1) {
int § = 2%k+1;
if (§<N-1 && a[j]l<al[j+1l]) J++;
if(!'(a[k]l]<a[]j])) break;
exchange (a[k], al[jl):
k = 7;



P6 phire tap cua reheapDown: O(log N)



Sap xép vun dong - Heapsort

(1) Tao dong ban dau gom N phan to

Phan t& nhé nhat (In nhat) sé nam tai dinh cla dong

(2) Thuwe hién N-1 lan thao tac xéa phan ti dinh
Cac phan t&r sé dwoc loai ra thir tw



Buwédc 1: Tao dong

Pau vao: N phan to
Pau ra: Mot dong ctia N phan tor
Thwc hién: 2 cach
Cach 1:
Thém dan tirng phan tlr vao dong (st dung
reheapUp)
Cach 2:
Xem méi phan t&r mang nhw gbc clia mét dong
con (b6 qua déng co kich thuwdce 1)
S dung reheapDown dé tao dong I&n hon
Thuat toan HeapSort s&r dung cach 2
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void heapsort(int al],

{

Heapsort

right)

int k, N = right-left+l;
int *pg = at+left-1;

for (k=(N-1)/2; k>=0; k--)

int left, int

reheapDown (pgq, k, N);

Tao dong

while (N > 0){

exchange (pg[0], pg[N-1]);
reheapDown (pg, 0, --N);

X6a lan lwot
phan tw dinh
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PO phire tap vé thdi gian

(1) Tao dong:
N/2* O(log N) =

(2) Thwe hién N-1 1an thao tac xda phan t& dinh
M®éi 1an x6a mat O(log N) =

Do phuc tap thoi gian:



