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Chuong I
Cay
Muc tiéu
Sau khi hoc xong chuong nay, sinh vién phai:
- Nim virng khai niém vé cay (trees).
- Cai dat dugc cay va thuc hién cac phép toan trén cay.
Kién thitc co' ban cén thiét
Dé hoc tét chuong nay, sinh vién phai nam viing ky nang lap trinh can ban nhu:
- Kiéu con tré (pointer)
- Céc céu trac diéu khién, 1énh vong lip.
- Lap trinh theo trng module (chuong trinh con) va cach goi chuong trinh con
do.
- Lap trinh d¢ qui va goi d¢ qui.

Kiéu dit liéu triru twong danh sach
Noi dung
Trong chuong nay chung ta s& nghién ctru cac van dé sau:
- Céc thuat ngit co ban.
- Kiéu dit liéu triru tuong Cay
- Cay nhi phan
- Cay tim kiém nhi phan
- Cay nhi phéan tim kiém cén bang AVL
I. Cac thuat ngir co ban trén cay

Cay 1a mét tap hop cac phan tir goi 13 niit (nodes) trong d6 c6 mot nit duoc phan biét
got la nut goc (root). Trén tap hop cac nit nay c6 mot quan hé, goi la mdi quan h¢ cha
- con (parenthood), dé xac dinh hé thong cdu tric trén cac nit. Mi nit, trir niit gbe, co
duy nhat mot nat cha. Mot nit ¢6 thé c6 nhiéu nit con hodc khong c6 nut con nao.
MGoi nit biéu dién mot phén tur trong tap hop dang xet va no co thé co mot kiéu nao do
bat ky, thuong ta biéu dién nat bang mot ki tyr, mot chudi hodc mot s6 ghi trong vong
tron. Méi quan hé cha con dugc biéu dién theo qui wdc nit cha & dong trén nut con &
dong dudi va dugc ndi bdi mot doan thang. M0t cach hinh thirc ta c6 thé dinh nghia
cay mot cach d¢ qui nhu sau:

1. Pinh nghia
- Mot niit don doc 1a mot cay. Nut ndy ciing chinh 1a nit gbe cua cay.
- (Gid su ta co6 n 1a mot nat don doc va k cay Ty,.., Ty voi cac nut géc tuong Ung la

ny,.., ni thi c6 thé xay dyng mdt cdy mai bang cach cho nit n 1a cha ctuia cac nut
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ny,.., . Cay moi nay cd nat goc 1la nit n va céc cay Ty,.., Ty dugce goi 1a cac cay
con. Tap rong cting dugc coi la mot cay va goi la cay rong ki hiéu.

Vidu: xét muc luc ciia mot quyén sach. Muc luc nay cé thé xem 1a mot cay

Hinh I.1: Cay muc luc sach

Nt gde 1a sach, nd ¢ ba ciy con co gbe 1a Cl, C2, C3. Cay con thir 3 c6 gbe C3 1a
mat nut don doc trong khi do hai cay con kia (goc C1 va C2) c6 cac ntt con.

Neéu nl,.., nk1a mot chuoi cac nut trén cay sao cho nila nlt cha cua nat ni*1, véi i=1..k-

1, thi chudi nay goi 1a mot duong di trén cay (hay ngan gon la duong di) tir n! dén nk.
b6 dai dudng di duge dinh nghia bang s6 nut trén duong di tru 1. Nhu vay d6 dai
duong di tr mot niit dén chinh n6 bang khong.

Néu c6 duong di tir nlit a dén nat b thi ta néi a 1a tién bdi (ancestor) ctia b, con b goi 1a
hau dué (descendant) cua nat a. RO rang mgt nit vua la tién bdi vira 1a hau dué cua
chinh né. Tién bdi hodc hau dué ctia mot nit khac véi chinh nd goi la tién bdi hodc
hau dué thuc su. Trén cdy nut gdc khong ¢ tién bdi thuc sw. Mot nut khong co hau
du¢ thuc sy goi la nut 14 (leaf). Nut khong phai 1a 14 ta con goi 1a nit trung gian
(interior). Cay con cua mdt cdy la mot nut cung voi tat ca cac hau dué cta no.

Chiéu cao cta mot nut 1a d¢ dai duong di 16n nhét tir nat d6 t6i 14. Chiéu cao cta cay
1a chiéu cao ctia nut goc. PO sdu ciia mot nut 1a do dai dudong di tir nat gée dén nit do.
Cac nut c6 cung mot do sau i ta goi la cac nut c6 cung mot muc i. Theo dinh nghia nay
thi nat goc ¢ muc 0, cac nit con cua nut goc o muc 1.

Vi du: d0{ v6i cay trong hinh I.1 ta ¢6 nat C2 ¢6 chiéu cao 2. Cay c6 chiéu cao 3. nit
C3 c6 chiéu cao 0. Nut 2.1 ¢6 d¢ sau 2. Cac nut C1,C2,C3 cung mirc 1.

. Thir tu cac nit trong cay

Néu ta phan biét thr ty cdc nlt con cua cung mdt nut thi cay goi 1a cay c6 thu ty, thi
tu qui udc tur trdi sang phai. Nhu vay, néu ké thir tu thi hai cdy sau 1a hai cay khac
nhau:

©

Hinh [.2: Cay c6 thtr ty khéc nhau



Trong truong hgp ta khong phan biét 16 rang thhr tu cac nut thi ta goi 1a cay khong co
thir ty. Cac nmit con cung mot nit cha goi 1a cac nit anh em rudt (siblings). Quan hé
"trai sang phai" cua cac anh em rudt c6 thé m& rong cho hai nit bat ky theo qui tic:
néu a, b 13 hai anh em rudt va a bén trai b thi cac hau dué cta a 13 "bén trai" moi hau
dué cua b.
3. Cac thir tu duyét cady quan trong
Duyét cay 1a mot qui tic cho phép di qua lan lugt tit ca cac nut clia cdy mdi nit ding
mot 1an, danh sach liét ké cac nut (tén nat hoac gia tri chira bén trong nut) theo tha tu
di qua goi la danh sach duyét cdy. Co ba cach duyét cay quan trong: Duy¢t tién tu
(preorder), duyét trung tu (inorder), duyét hau tu (posorder).
- Cay rong thi danh sach duyét cdy 13 réng va n6 duoc coi 1a biéu thirc duyét tién
tu, trung tu, hau tu cua cay.
- Cay chi c6 mot nat thi danh sach duyét cdy gdm chi mot ntt d6 va né dugce coi
1a biéu thurc duyét tién tu, trung tu, hau tu cua cay.
- Nguoc lai: gia st cay T ¢6 nat gdc 1a n va c6 cac cdy con 1a T1,..,Tn thi:

e Biéu thirc duyét tién tir ctia cay T 1a liét ké nat n ké tiép 1a biéu thirc duyét
tién ty cua cac cay T1, T2, .., Tn theo thir tu do.

e Biéu thirc duyét trung tu cua ciy T 1a biéu thirc duyét trung tu cua ciy T1
ké ti€p 1a nit n roi dén biéu thirc duy¢t trung tu cua cac cay T2,.., Tn theo
thir tu do.

e Biéu thitc duyét hau tu ctia cay T 1a bicu thirc duyét hau tu cla cac cay T1,
T2,.., Tn theo thir tu d6 ro1 dén nut n.

Vi du: cho cdy nhu trong hinh 1.3

Hinh 1.3: cay nhi phan
Biéu thirc duyét  tiéntw: ABCDEFHKL
trungtt: CBEDFAKHL
hautw: CEFDBKLHA
4. Cay c6 nhin va ciy biéu thirc
Ta thuong luu trit két hop mot nhan (label) hodc con goi 1a mot gia tri (value) voi mot
nat cua cdy. Nhu vy nhan cua mot nut khong phai 1a tén nut ma la gia tri dugc luu
gilr tai nat d6. Nhan cua mét nut ’déi khi con dugce goi 1a khda cia nut, tuy nhién hai
khai ni¢m nay la lghéng dong nh@t. Nhan la gia tri hay ndi dung luu trir tai~ nut, con
khoa cta nut c6 thé chi 1a mgt phan ctia ng1 dung luu trir nay. Chang han, moi nlt cay
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chtra mot record vé thong tin cia sinh vién (ma SV, ho tén, ngay sinh, dia chi,...) thi
khoa c6 thé 1a ma SV hodc ho té€n hoac ngay sinh tuy theo gia tri nao ta dang quan tam
dén trong giai thuat.

Vi du: Cay biéu dién biéu thirc (a+b)*(a-c) nhu trong hinh I.4.

Hinh 1.4: Cay biéu dién thtr ty (a+b)*(a-c)

- O day n,n,.,n la cac tén nut va *,+,-,a,b,c 1a cac nhan.

- Qui tac bi€u dién mdt biéu thirc toan hoc trén cay nhu sau:
e MOoi nut 14 c6 nhan biéu dién cho mdt todn hang.

e MOi nut trung gian biéu dién mot toan ti.

N\

Hinh 1.5: Cay biéu dién biéu thic E, 0 E,

- Gia stir nat n biéu dién cho mot toan tir hai ngoi 0 ( ching han + hodc * ), nut
con bén trai biéu dién cho biéu thirc E1, nut con bén phai biéu dién cho biéu
thirc E2 thi nat n biéu dién biéu thic EIG E2, xem hinh I.5. Néu 6 1a phép toan
maot ngdi thi nit chira phép toan 0 chi c6 mot niit con, nit con nay biéu dién cho
toan hang cua 6.

- Khi chiing ta duyét mot cdy biéu dién mot bicu thirc toan hoc va liét ké nhan
cua cac nut theo thur tu duyét thi ta co:

e Biéu thuc dang tién t (prefix) twong g v6i phép duyét tién tir cia cy.

e Biéu thuc dang trung t6 (infix) twong ting v6i phép duyét trung tu cia cdy.

e Biéu thirc dang hau t (posfix) twong tng voi phép duyét hau tu cia cay.
Vi du: d6i véi cay trong hinh 1.4 ta co:

- Biéu thtc tién t6: *+ab-ac

- Biéu thuc trung td: a+b*a-c

- Biéu thtrc hau td: ab+ac-*



- Céc biéu thire nay khong c6 dau ngoic.
- Cac phep toan trong biéu thirc toan hoc c6 thé c6 tinh giao hoan nhung khi ta
biéu dién biéu thirc trén cdy thi phai tuan thu theo biéu thirc da cho. Vi du biéu

thirc a+b, v6i a,b 1a hai s0 nguyén thi 16 rang a+b=b+a nhung hai cay biéu dién
cho hai biéu thurc nay 1a khac nhau (vi cay c6 thu tu).

/ \ AN\

Hinh 1.6: Cay biéu dién biéu thic a+b va b+a
- Chi c6 cay & phia bén trai ctia hinh 1.6 mé&i dung 1a cay bicu dién cho biéu thirc
a+b theo qui tac trén.

- Néu ta gip mot diy cac phép toan co cung do uu tién thi ta s& két hop tir trai
sang phai. Vi du at+b+c-d = ((a+b)+c)-d.

I1. Cay nhi phan (Binary Trees)

1. Dinh nghia
Cay nhj phén 13 cay rong hodc 1a cdy ma mdi nit c6 tdi da hai nit con. Hon nita céc
nat con cua cdy dugc phan biét thir ty rd rang, mdt nut con goi 1a nit con trai va mot
nut con goi 1a nit con phai. Ta qui wdc v€ nuit con trai bén trai nut cha va nit con phai
bén phai nat cha, moi nat con duge ndi1 véi nat cha ctia nd bédi mdt doan thang. Vi du
cac cay trong hinh 1.7.

3\ 4 3

./
! b/

Hinh L.7: Hai ciy c6 th tu giéng nhau nhung 13 hai cay nhj phan khac nhau

Chu ¥ rang, trong cdy nhi phan, mot nit con chi c6 thé 1a nit con trai hodc nit con
phai, nén c6 nhiing cay co thir tu gibng nhau nhung 13 hai cay nhi phan khac nhau. Vi
du hinh 1.7 cho thdy hai cdy c6 thir ty gidng nhau nhung 13 hai ciy nhi phan khéc
nhau. Nut 2 1a nat con tréi cia cay a/ nhung n6 1a con phai trong cay b/. Tuong tu nit
5 1a con phai trong cay a/ nhung no6 1a con tréi trong cay b/.



2. Vai tinh chit ciia cAy nhi phan

Goi h va n lan lugt 1a chi€u cao va s6 phan tir cua cay nhi phan. Ta c6 céac tinh chat
sau:

- Sénut & mic i<=2"". Do d6 s6 nut tdi da ctia no 1a 2"
- S6 nat tdi da trong cdy nhi phan 1a 2"-1, hay n<=2"-1. Do d6 chiéu cao cua
n6: n>=h>=log,(n+1)
3. Biéu dién cay nhi phan

Ta chon cau truc dong deé biéu dieén cay nhi phan:

LChild RChild

71 | Data | =T

Trong d6: Lchild, Rehild 1an luot 13 cac con trd chi dén niit con bén trai va nit con bén
phai. N6 s€ bang rong néu khong c¢6 nut con.

Nut 14 ¢6 dang

LChild RChild

o| Data|e

4. Duyét cay nhi phian

Ta c6 thé ap dung cac phep duyét cay tong quat dé duyét cdy nhi phan. Tuy nhién vi
cay nhi phan la cau tric cay dac biét nén cac phep duyét cay nhi phan cling don gian
hon. C6 ba cach duyét cay nhi phan thuong dung (xem két hop véi hinh 1.8):

- Duyét tién tu (Node-Left-Right): duyét nit gbc, duyét tién tw con trai roi
duyét tién ty con phai.

- Duyét trung tu (Left-Node-Right): duyét trung tu con trai roi dén nat gbc
sau do6 la duy¢t trung tu con phai.

- Duy¢t hau tu (Left—Right-Node): duyét hau tu con trai roi duyét hau tu con
phai sau d6 1a nat goc.

N
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Chuy rang danh sach duyét tién ty, hiu ty cla cdy nhi phén trung v6i danh sach duyét
tién ty, hau tu cua ciy d6 khi ta ap dung phép duyét ciy tong quat. Nhung danh sach
duyét trung tu thi khac nhau.

Vidu
A
/ N\‘-—
/ ’ N / ¢ N
ANV AVANER
H I K L M
Hinh 1.9
| Céc danh sach duyét cay nhi phan | Cac danh sach duyét cay téng quét
Tién tu: | ABDHIEJCFKLGM ABDHIEJCFKLGM
Trung HDIBJEAKFLCGM HDIBJEAKFLCMG
tu:
Hau tu: | HIDJEBKLFMGCA HIDJEBKLFMGCA

5. Cai dat cay nhi phan

Tuong tu cay tong quat, ta cling c6 thé cai dat cady nhi phan bang con tré bang cach
thiét k€ mo1 nut ¢ hai con trd, mot con trd trdé nit con trai, mot con tro trdé nut con
phai, truong Data s€ chira nhan cia nut.

typedef ... TData,
typedef struct Tnode
{
TData Data;
TNode* left,right,
4
typedef TNode* TTree;

Vi cach khai bao nhu trén ta ¢ thé thiét ké cac phép toan co ban trén cdy nhi phan
nhu sau :

Tao cay rong

Cay rong 1a mot cay 1a khong chira mot niit ndo ca. Nhu vay khi tao cdy rdng ta chi
can cho cay tré to1 gid tri NULL.

void MakeNullTree(TTree *T)
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(*T)=NULL;
/
Kiém tra cdy rong
int EmptyTree(TTree T)
{
return T==NULL;,
/
Xac dinh con trai cia mt nit
TTree LeftChild(TTree n)
{
if (n!=NULL) return n->left;
else return NULL,
/
Xac dinh con phai ciia mt nut
TTree RightChild(TTree n)
{
if (n!=NULL) return n->right;
else return NULL,
/
Kiém tra nit la:
Néu nt 1a nut 14 thi n6 khong co bat ky mot con nao ca nén khi dé con tri va con
phai ctiia n6 cung bang NULL
int IsLeaf(TTree n)
{
if(n!/=NULL)
return(LeftChild(n)==NULL)&&(RightChild(n)==NULL),
else return NULL,
/
Xac dinh so6 niit ciia cAy
int nb_nodes(TTree T)
{
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if(EmptyTree(T)) return 0;
else return 1+nb_nodes(LeftChild(T))+ nb_nodes(RightChild(T));
/
Cac thu tuc duyét cay: tién tu, trung tw, hau tu
Thu tuc duyét tién tu
void PreOrder(TTree T)
{
cout<<T->Data;
if (LeftChild(T)!=NULL) PreOrder(LeftChild(T)),
if (RightChild(T)!=NULL)PreOrder(RightChild(T)),
/
Thu tuc duyét trung tu
void InOrder(TTree T)
{
if (LeftChild(T)=!NULL)InOrder(LeftChild(T));
cout<<T->data;
if (RightChild(T)!=NULL) InOrder(RightChild(T));
/
Thu tuc duyét hau tu
void PosOrder(TTree T)

{
if (LeftChild(T)!=NULL) PosOrder(LeftChild(T)),
if (RightChild(T)!=NULL)PosOrder(RightChild(T));
cout<<T->data;
/
IV. Cay tim kiem nhi phan (Binary Search Trees)
1. Dinh nghia
Cay tim kiém nhi phan (TKNP) 1 cdy nhi phan ma khoa tai mdi nut cay 16n hon khoa

clia tat ca cac nut thudc cdy con bén trai va nho hon khod ciia tat ca cac nat thudc cay
con bén phai.

Luu ¥: dir liéu lwu trir tai moi nat c¢6 thé rat phirc tap nhu 13 mot record chéng han,
trong truong hgp nay khod cta niat duge tinh dua trén mot truong nao do, ta goi la
truong khoa. Truong khoa phai chira cac gia tri c¢6 thé so sanh dugc, tirc 1 nd phai 1iy
gia tri tt mot tap hop cé thu tu.
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Vi du: hinh 1.10 minh hoa mot cdy TKNP ¢6 khoa 1a sé nguyén (voi quan hé thir tu

trong tip sb nguyén).
(5] /1? \
15 30

Hinh .10: Vi du cy tim kiém nhij phan
Qui wére: Cling nhur tat ca cac cau tric khac, ta coi cdy rong 1a ciy TKNP
Nhan xét:
- Trén cay TKNP khong c6 hai ntt cung khoa.
- Cay con cua mQt cay TKNP la cay TKNP.

- Khi duyét trung tuy (InOrder) cay TKNP ta duoc mot diy co thir tu ting. Chang
han duy¢t trung tu cay trén ta c6 day: 5, 10, 15, 17, 20, 22, 30, 35, 42.

2. Cai dit cay tim kiém nhi phan

Cay TKNP, trudc hét, 1a mot cay nhi phan. Do d6 ta c6 thé ap dung cac céach cai dat
nhu di trinh bay trong phan cy nhi phan. S& khong ¢ su khac biét nao trong viéc cai
dit cau trac dit liéu cho cdy TKNP so vé6i cdy nhi phan, nhung tit nhién, s& co su khéc
biét trong cac gidi thuat thao tac trén cdy TKNP nhu tim kiém, thém hodc x0a mot nat
trén cdy TKNP dé luon dam béo tinh chat cua cay TKNP.

Mot cach cai dat cay TKNP thuong gap la cai dat bang con trd. Mdi nut cta cay nhu 1a
mot mau tin (record) c6 ba truong: mot truong chira khoa, hai truong kia 1a hai con tro
tré dén hai niit con (néu nut con vang mit ta gan con tro bang NULL)

Khai bao nhu sau
typedef <kiéu dir liéu ciia khod> KeyType;
typedef struct BSNode
{
KeyType Key;
BSNode* Left,Right,
/
typedef BSNode* BSTree;
Khéi tao ciy TKNP rong
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Ta cho con tro quan 1y nit gbe (Root) ctia cdy bang NULL.
void MakeNullTree(BSTree &Root)

{

Root=NULL;

/

Tim kiém mét nit c6 khéa cho truéc trén cdy TKNP

bé tim kiém 1 nut c6 khod x trén cay TKNP, ta tién hanh tir ntit goc bang cach so sanh
khoa cua ntt goc véi khod x.

Néu nit gbc bang NULL thi khong c¢6 khoa x trén cdy.

Néu x bang khoa ctia nat gbc thi giai thuat dimg va ta da tim dugc nat chira
khod x.

Néu x 16n hon kho4 cta nut gdc thi ta tién hanh (mot cach dé qui) viéc tim khoa
X trén cay con bén phai.

Néu x nho hon khoa ctia nit gbc thi ta tién hanh (mot cach dé qui) viée tim
khoa x trén cdy con bén trai.

Vi du: tim nat ¢6 khod 30 trong cay ¢ trong hinh 1.10

So sanh 30 vai khod nat gbe 1a 20, vi 30 > 20 véy ta tim tiép trén cdy con bén
phai, tirc 1a cay co6 nut goc c6 khoa 1a 35.

So sanh 30 véi khod ciia nat gbe 1a 35, vi 30 < 35 vay ta tim tiép trén cay con
bén trai, tirc 1a cay ¢ nut goc co khoa 1a 22.

So sanh 30 véi khod cia nat gbe 1a 22, vi 30 > 22 vay ta tim tiép trén cdy con
bén phai, tuc 1a cay c¢6 nut goc co6 khoa 1a 30.

So sanh 30 v6i khoa nut gdc 1a 30, 30 = 30 vay dén day giai thuat ding va ta
tim duoc nat chira khoa can tim.

Ham dudi day tra vé két qua 1a con tro trd toi nut chira khod x hodc NULL néu khong
tim thay khoa x trén cay TKNP.

BSTree Search(KeyType x,BSTree Root)

{

if(Root == NULL)

return NULL, //khéng tim thdy khod x

else if (Root->Key == x) /* tim thdy khod x */

return Root;

else if (Root->Key < x)

//tfim tiép trén cdy bén phdi

return Search(x,Root->right);
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else

fim tiép trén cdy bén trdi
/

return Search(x,Root->left);

/

Thuat toan tim kiém dang ldp, trd v€ con tro chura dir li€u can tim va dong thoi gitr lai
nut cha cua né néu tim thay, nguoc lai tra ve rong.

BSTree SearchLap(BSTree Root, KeyType Item, BSTree &Parent)
{

BSTree LocPtr = Root;

Parent = NULL;

while (LocPtr |= NULL)

{
if (Item==LocPtr->Key)
return (LocPtr);
else
{
Parent = LocPtr;
if (Item > LocPtr->Key)
LocPtr = LocPtr->RChild;
else LocPtr = LocPtr->LChild;
/
return(NULL),
/

/

Nhan xét: giai thudt ndy sé rat hiéu qua vé mit thoi gian néu cay TKNP duoc t6 chic
tot, nghia la cay twong doi "can bang".

Thém m@t nuat cé khéa cho truwée vao cay TKNP

Theo dinh nghia ciy tim kiém nhi phén ta thdy trén cdy tim kiém nhi phan khong c6
hai nat ¢6 cung mét khod. Do d6 néu ta muon thém mot nut ¢6 khod x vao cdy TKNP
thi trudc hét ta phai tim kiém dé x4c dinh c6 nut nao chtra khoa x chua. Néu co6 thi giai
thuat két thuc (khong lam gi ca!). Nguoc lai, s¢ thém mot nliit moi chira khoa x nay.
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Viéc thém mot khoa vao cdy TKNP 14 viéc tim kiém va thém mot nut, tat nhién, phai
dam bao cau truc cay TKNP khong bi pha vo. Giai thuat cu thé nhu sau:

Ta tién hanh tir nit gdc bang cach so sanh khoa cud nut goc voi khoa x.

Néu nat goc bang NULL thi khoa x chua c6 trén cdy, do d6 ta thém mot nut méi
chtra kho4 x.

Néu x bang khoa cta nat gc thi giai thuat dimng, truong hop nay ta khong thém
nut.

Néu x 16n hon khoa cia nut gdc thi ta tién hanh (mot cach dé qui) giai thuat nay
trén cay con bén phai.

Néu x nho hon kho4 cua nat gdc thi ta tién hanh (mot cach dé qui) giai thuat nay
trén cay con bén trai.

Vi du: thém khod 19 vao cay ¢ trong hinh [.11

So sanh 19 vé&i khoa cta nut goc 1a 20, vi 19 < 20 vay ta xét tiép dén cay bén
trai, tirc 1a cay c6 nat goc c¢o khoa 1a10.
So sanh 19 véi khoa ctia niat goc 1a 10, vi 19 > 10 vay ta xét tiép dén cay bén
phai, tirc 1a cdy c6 nit géc co khoa 1a 17.
So sanh 19 vé6i khoa cua nat goc 1a 17, vi 19 > 17 vay ta xét tiép dén cay bén
phai. Nut con bén phai bang NULL, chiing t6 rang khoa 19 chua c6 trén cay, ta
thém nut modi chira khoa 19 va nit méi nay la con bén phai cua nat cé khoa 1a
17, xem hinh I.11

20

NN
SN N

Hinh I.11: Thém khoa 19 vao cay hinh 1.10

Thu tyc sau day tién hanh viéc thém mét khoa vao cay TKNP.
void InsertNode(KeyType x, BSTree &Root )

{

if (Root == NULL)

{ /* thém nut moi chira khoa x */

Root = new BSNode;
16



Root->Key = x;
Root->left = NULL;
Root->right = NULL,
/
else if (x < Root->Key) InsertNode(x,Root->left);
else if (x>Root->Key)InsertNode(x,Root->right);
/
Thu tuc 1ap thém mdt nut vao cay
int InsertNodeLap(BSTree &Root, KeyType Item)
{
BSTree LocPtr, Parent;
if (SearchLap(Root, Item, Parent))

{
cout << “\ndd co ptu “<<ltem<<*“trongcay!";
return -1;
/
else
{
If (LocPtr=CreateNode())==NULL)
return 0;
LocPtr->Key = Item,
LocPtr->LChild = NULL;
LocPtr->RChild = NULL;
if (Parent == NULL)
Root = LocPtr; // cdy rong
else if (Item < Parent->Data)
Parent->LChild = LocPtr;
else Parent->RChild = LocPtr;
return 1,
/

/

Xo6a mot nut c6 khoa cho truwéce ra khéi cay TKNP
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Gi4a st ta mudn xo0d mot nat ¢6 khoa x, trude hét ta phai tim kiém nuat chira khoa x trén
cay.

15 15
SN — N\
10 18 10 NIL

Xoa nut la co khoa B

15 15

10 18 10 18
/‘F.
16_ _ -~

Xoa nat co khoa 18 la ndt trung gian o mdt ndt con

15 16
SN —— N
18 0 18

10 |
\/
16
¥oa nit co khoa 15 la ndt trung gian co hai nlt con

Hinh 1.12
Viéc x04 mot nut nhu vy, tit nhién, ta phai bao dam cau trac cdy TKNP khong bi pha
VvO.
- Néu khong tim thdy nut chira khoa x thi giai thuat két thuc.
- Néu tim gip nat N c6 chira khoa x, ta ¢ ba trudng hop sau
- NéuN lal4 ta thay n6 boi NULL.

@ @K
® B @LL

- N chi c6 mot nat con ta thay n6 boi ntit con cta no.

- N c¢6 hai nat con ta thay nd boi nat 16n nhét trén cdy con trai cia nd (nat
cuc phai cta cdy con trai) hodc 13 nut bé nhat trén ciy con phai cia no
(n0t cyc trai cua cay con phai). Trong giai thuat sau, ta thay x bdi khoa
clia nit cyc trai ciia cay con bén phai rdi ta xoa nit cyuc trai nay. Viéc
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X04 nut cyuc trai cia cdy con bén phai s€ roi vao mdt trong hai truong
hop trén.

g o

-
/ ‘.
@ i/

(Nt k& tié]p cia BT,
theo thiv ty gitra) \,

Hinh 1.12

Giai thuit xo4 mét niit c6 khoa nho nhit

Ham duéi day tra vé khoa ciia nut cuc trai, ddng thoi xoa nit nay.
KeyType DeleteMin (BSTree &Root )

{

/

KeyType k;
if (Root->left == NULL)
{

k=Root->key,

Root = Root->right;

return k;

/

else return DeleteMin(Root->left);

Thu tuc x6a mot nut cé6 khoa cho trwéc trén cay TKNP
void DeleteNode(KeyType x, BSTree &Root)

{

if (Root != NULL)
if (x < Root->Key) DeleteNode(x,Root->left)
else if (x > Root->Key)

DeleteNode(x,Root->right)
else if ((Root->left==NULL) & & (Root->right==NULL))

Root =NULL;
else if (Root->left == NULL)

Root = Root->right
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/

else if (Root->right==NULL)
Root = Root->left
else Root->Key = DeleteMin(Root->righ)

Thu tuc 1ap x6a mot node ra khéi cay

int DeleteNode (BSTree &Root, KeyType Item)

{

BSTree x, Parent, xSucc, SubTree;

if((x=SearchLap(Root,Item,Parent)) == NULL)
return 0; //khéng thdy Item

else

{
if((x->left!=NULL) & & (x->right != NULL))

// nut co hai con

{

xSucc = x->right;

Parent = x;

while (xSucc->left |= NULL)

{
Parent = xSucc;
xSucc = xSucc->left;

/

x->Key = xSucc->Key;

x = xSucc;

/

//dd dwa mit 2 con vé miit ¢6 téi da 1 con
SubTree = x->left;
if (SubTree == NULL)

SubTree = x->right;
if (Parent == NULL)

Root = SubTree; // xoa nut go”'c
else if (Parent->left == x)
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Parent->left = SubTree,
else Parent->right = SubTree;
delete x;

return 1;

/

V. Ciy nhi phén tim kiém cdn biang (Ciy AVL)

1.

Cay nhi phin cin bing hoan toan

Dinh nghia

Cay nhj phan can bang hoan toan (CBHT) 14 cay nhi phan ma d6i véi mdi nat cia no,

sO nut cua cay con trai chénh 1éch khong qua 1 so véi s6 nit cua cay con phai.
Vi du:

©) @
Hinh .13

XAy dung ciy nhi phin cin bing hoan toan

Tree CreateTreeCBHT(int n)

{
Tree Root,
int nl, nr;
KeyType x;
if (n<=0) return NULL;
nl =n/2; nr =n-nl-1;
Input(x),//nhdp phan tir x

if ((Root =CreateNode()) == NULL)
return NULL;

Root->Key = x;
Root->left = CreateTreeCBHT(nl),
Root->right = CreateTreeCBHT(nr);

return Root;
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3. Cay tim kiém nhi phan cin bing (cAy AVL)

Trén cdy nhi phan tim kiém BST con phan tir ma 1a cay CBHT, phép tim klem mot
phan tir trén no s& thuc hién rat nhanh: trong truong hop xau nhat, ta chi can thuc hién
logon phép so sanh. Nhung cay CBHT co cau tric kem 6n dinh trong cac thao tac cép
nhét cdy, nén nod it duge s dung trong thuc té. Vi thé, nguoil ta tan dung y tuong cay
can bang hoan toan dé xay dung mot cay nhi phan tim kiém c6 trang thai cin bang yéu
hon, nhung viéc can bang lai chi x4y ra & pham vi cuc bo dong thoi chi phi cho viéc
tim kiém van dat & mac O(log,n). D6 1a cay tim kiém can bang.

Dinh nghia

Cay nhj phan tim kiém goi 13 cAy nhij phan tim kiém can bang (goi tit 13 cdy AVL) néu
tai moi nlt cia nd, d) cao cua cdy con trai va dg cao cua cdy con phai chénh 1éch nhau
khong qua 1.

R& rang mot cdy nhi phan tim kiém can bang hoan toan 13 ciy can bang, nhung diéu
nguoc lai 1a khong dung. Chang han cay nhi phén tim kiém trong vi du sau la can bang
nhung khong phai 1a can bang hoan toan.

Vi du:

Hinh 1.14

Cay can bang AVL van thuc hién viéc tim kiém nhanh twong duong cay can bang
hoan toan va van c6 cau triic 6n dinh hon han cay can bang.

Chi s6 cin bang va viéc can bang lai cAdy AVL

Pinh nghia: chi s6 can bang (CSCB) ctia mot nit p 1a hiéu cua chiéu cao cay con phai
va cay con trai cua no.

Ki hiéu:

hi(p) hay h; 14 chiéu cao cua ciy con trai cta p.

h,(p) hay h; 13 chiéu cao ctia ciy con phai cua p.

EH=0,RH=1,LH=-1

CSCB(p) =EH & hr(p) = hi(p) :2 cdy con cao bang nhau
CSCB(p) =RH & hr(p) > hi(p) : cay 1éch phai
CSCB(p) =LH <:> hr(p) < hy(p) : cdy léch trai

V&i mdi nit ciia cdy AVL, ngoai cac thudc tinh théng thudng nhu cay nhi phan, ta can
luu ¥ thém thong tin vé chi s6 can bang trong cau trac cua mdt nut. Ta cd dinh nghia
cau truc mot nat nhu sau:
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typedef ... ElementType; /* Kiéu dir liéu ciia niit */
typedef struct AVLTN
{

ElementType Data,

int Balfactor, //Chi s6 can bc%ng

struct AVLTN * Lchild, *Rchild;
} AVLTreeNode,
typedef AVLTreeNode *AVLTree;
Viéc thém hay huy mot nut trén cidy AVL c6 thé 1am ciy ting hay giam chiéu
cao, khi do ta can phai can bang lai cay. Dé giam t6i da chi phi can bang lai cdy, ta chi
can bang lai cdy AVL ¢ pham vi cuc bo.
Cic truong hop mat cin bang
Ngoai cac thao tac thém va huy d6i véi cay can bang, ta con c6 thém thao tac co ban
1a can bang lai cdy AVL trong truong hop thém hodc huy mot nit cia nd. Khi do do
1¢ch giira chiéu cao cdy con phai va trai s€ 1a 2. Do d6 truong hop cdy 1€ch trai va phai
tuong ng la d61 xrg nhau, nén ta chi xét truong hop cdy AVL Iéch trai.

Truong hop a: cay con T1 1€ch tréi

Hinh I.15
Truong hop b: cay con T1 I¢ch phai

Hinh I.16
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Truong hop c: cay con T1 khong 1éch

Hinh I.17

Can bang lai trudng hop a: ta can bang lai bang phép quay don left-left ta duogc:

hl 1 h+1

Hinh 1.18
Can bang lai truong hop b:

\ Rl |h

L2 /\R2
v

Hinh I.19

Can bang lai bang phép quay kép left-right, ta c6 két qua nhu sau:
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—
Vel

Hinh 1.20

h

Cai dat
//Phép quay don Left — Left
void RotateLL(AVLTree &T)
{
AVLTree Tl = T->Lchild;
T->Lchild = T1->Rchild;
T1->Rchild = T;
switch (T1->Balfactor)
{
case LH: T->Balfactor = EH;
T1->Balfactor = EH, break;
case EH: T->Balfactor = LH;
T1->Balfactor = RH, break;
/
=TI,
return ;
/
/I Phép quay don Right — Right
void RotateRR (AVLTree &T)
{
AVLTree Tl = T->Rchild;
T->Rchild = T1->Lchild;
T1->Lchild = T;
switch (T1->Balfactor)

2

h+1
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case RH: T->Balfactor = EH;
T1->Balfactor = EH, break;
case EH: T->Balfactor = RH;
T1->Balfactor = LH; break;
/
Tr=TI;
return ;
/
//Phép quay kép Left — Right
void RotateLR(AVLTree &T)
{
AVLTree T1 = T->Lchild, T2 = T1->Rchild;
T->Lchild = T2->Rchild; T2->Rchild = T;
T1->Rchild = T2->Lchild; T2->Lchild = TI;
switch (T2->Balfactor)
{
case LH: T->Balfactor = RH;
T1->Balfactor = EH, break;
case EH: T->Balfactor = EH;
T1->Balfactor = EH, break;
case RH: T->Balfactor = EH;
T1->Balfactor = LH; break;
/
T2->Balfactor = EH;
T=T2
return ;
/
//Phép quay kép Right-Left
void RotateRL(AVLTree &T)
{

AVLTree Tl = T->RLchild, T2 = T1->Lchild;



T->Rchild = T2->Lchild; T2->Lchild = T;
T1->Lchild = T2->Rchild; T2->Rchild = T1;
switch (T2->Balfactor)

{
case LH: T->Balfactor = EH;
T1->Balfactor = RH; break;
case EH: T->Balfactor = EH;
T1->Balfactor = EH; break;
case RH: T->Balfactor = LH;
T1->Balfactor = EH; break;
/
T2->Balfactor = EH;
T=T2
return ;

/
Cai dit cac thao tic can bang lai
//Cén bang lai khi cay bj léch trai
int LeftBalance(AVLTree &T)
{
AVLTree T1 = T->Lchild;
switch (T1->Balfactor)
{
case LH : RotateLL(T),
return 2; //cay T khong bi léch
case EH : RotateLL(T);
return 1,//cay T bi léch phdi
case RH : RotateLR(T), return 2;
/
return 0;
/
//Can bang lai khi cay bi 1é€ch phai
int RightBalance(AVLTree &T)
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AVLTree Tl = T->Rchild;
switch (T1->Balfactor)
{
case LH : RotateRL(T);
return 2; //cay T khong léch
case EH : RotateRR(T),
return 1; //cay T léch trai
case RH : RotateRR(T), return 2;
/

return 0;
/
Chén mét phin tir vao cdy AVL

Viéc chén mot phan tir vao cay AVL xay ra twong tu nhu trén cay nhi phan tim klem
Tuy nhién sau khi chen xong, néu chiéu cao ciia cay thay d6i tai vi tri thém vao, ta can

phai nguoc 1én gdc dé kiém tra xem c6 niit ndo bi mat cin bang hay khong. Néu cd, ta
chi can phai can bang lai ¢ nuat nay.

AVLTree CreateAVL()
{
AVLTree Tam= new AVLTreeNode;
if (Tam == NULL)
cout << “\nLéi I”’;
return Tam;
/
int InsertNodeAVL( AVLTree &T, ElementType x)
{
int Kqua;
if (T)
{
if(T->Data==x)
return 0; //Pd co nut trén cay
if (T-> Data > x)
{
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//chen nut vao cdy con trdi

Kqua = InsertNodeAVL(T->Lchild x);

if (Kqua < 2) return Kqua;
switch (T->Balfactor)

{
case LH: LeftBalance(T),
return 1,//T léch trai
case EH: T->Balfactor=LH;
return 2;//T khong léch
caseRH:T->Balfactor=EH;
return 1.//T léch phai
/
/
else //T-> Data < x
{
Kqua= InsertNodeAVL(T->Rchild,x);
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
{
case LH: T->Balfactor = EH;
return 1;
case EH:T->Balfactor=RH;
return 2;
case RH : RightBalance(T);
return 1;
/
/
else //T==NULL
{
if (T = CreateAVL()) == NULL)
return —1;
T->Data = x;
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T->Balfactor = EH;
T->Lchild = T->Rchild = NULL;

return 2;

/

X6a mot phan tir ra khéi cdy AVL

Viéc x6a mot phan tir ra khoi cay AVL dién ra tuong tu nhu d6i véi cay nhi phan tim
kiém, chi khac 1a sau khi huy, néu cdy AVL bi mat cin bang, ta phai can bang lai cdy.
Viéc can bang lai cay c6 thé xay ra phan Gmg diy chuyén.

int DeleteAVL(AVLTree &T, ElementType x)

{

int Kqua;
if (T== NULL) return 0, // khong co x trén cay
if (T-> Data > x)
{
Kqua = DeleteAVL(T->Lchild,x),// tim va xoa x trén cdy con trdi cua T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
{
case LH : T->Balfactor = EH;
return 2; //truoc khi xoa T léch trai

case EH : T->Balfactor = RH;
return 1 // truoc khi xoa T khong léch

case RH : return RightBalance(T),
// truoce khi xoa T léch phai

/

else if (T-> Data < x)

{
Kqua = DeleteAVL(T->Rchild,x);// tim va xoa x trén cdy con trai cua T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)

30



case LH : return LeftBalance(T),//trucc khi xoa T léch trai

case EH : T->Balfactor = LH;

return 1, /truoce khi xoa T khong léch
case RH : T->Balfactor = EH;
return 2, //trucc khi xoa T léch phai

/
/
else //T->Data== x
{
AVLTreep =T,
if (T->Lchild == NULL)
{
T = T->Rchild; Kqua = 2;
/
else if (T->Rchild == NULL)
{
T = T->Lchild; Kqua = 2;
/
else //' T c6 hai con
{
Kqua = TimPhanTuThayThe(p, T->Rchild);
//Tim phan tir thay thé P dé xéa trén nhdanh phai cud T
if (Kqua < 2) return Kqua;
switch (T->Balfactor)
{
case LH : return LeftBalnce(T);
case EH : T->Balfactor = LH;
return 2;
case RH : T->Balfactor = EH;
return 2;
/
/

31



delete p;

return Kqua,

/
/
// Tim phan tir thay thé
int TimPhanTuThayThe(AVLTree &p, AVLTree &q)
{
int Kqua;
if (q->Lchild)
{
Kqua = TimPhanTuThayThe(p, g->Lchild),
if (Kqua < 2) return Kqua;
switch (q->Balfactor)
{
case LH : g->Balfactor = EH;
return 2;
case EH : g->Balfactor = RH;
return 1,
case RH : return RightBalance(q),
/
/
Else
{
p->Data = g->Data,
P=q
q= q->RCl’lﬂd,‘
return 2;
/
/
Bai tap

1. Xuét ra theo thir tu: gitra, dau, cudi cac phﬁn tur trén cdy nhi phan sau:

32



/A\
/\E \T
NN N

. Tim cdy nhi phan théa dong thoi hai diéu kién két xuat sau:

Q

- Theo tht ty du NLR cua né 1a diy ky tu sau:
A,B,C,D,E,Z, UT,Y

- Theo thtr ty gitta LNR cua n6 1a day ky tu sau:
D,C,E,B,A,U,Z T, Y

. Biéu dién mdi biéu thtr s6 hoc dudi day trén cay nhi phan, tir d6 rat ra dang
biéu thirc hiu t6 cua chung:

- al/(b*c)
- 35+4a3—3az+7
- (atb)*(c-d)
Sa+b
Viét thuat todn vachuong trinh:

- Chuyén mdt biéu thirc sé hoc ky hiéu 1én ciy nhi phan (c6 kiém tra biéu thuc da
cho c6 hop cu phap khong ?)

- Xuét ra biéu thuc s6 hoc d6 duéi dang: trung t8, hau t, tién td

. Xay dung cay tim kiém nhj phan BST tir mdi bd muc dit lidu dau vao nhu
sau:

- 12345
- 54,321
- fe, cx, jk, ha, ap, aa, by, my, da

- 89,11,15,19,20,21,7,3,2,1,5,6,4,13,10,12,17,16,18. Sau d6 xoa lan luot cac nit
sau: 2,10,19,8,20

. Viét chuong trinh véi cac chirc nang sau:

- Nhap tir ban phim cac sé nguyén vao mot cdy nhi phan tim kiém (BST) ma nut
goc dugc tro tdi boi con trd Root.

- Xuit cac phﬁn tr trén cady BST trén theo thu tu: dau, gitra, cudi.
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Tim va x6a (néu c6 thé) phan tir trén cdy Root ¢ dit liéu tring voi mot muc dit
liéu Item cho trudc duge nhép tr ban phim.

Sip xép n muyc dir liéu (dugc cai dat bang DSLK) bang phuong phap cdy nhi
phén tim kiém BSTSort.

Yéu cau: viét cac thao tac trén bang 2 phuong phap dé quy va lap

Tuong tu bai 5 nhung trong mdi ndt c6 thém truong parent dé trd téi cha

cua no.

Cho cay nhi phan T. Viét chuong trinh chita cdc ham cotacdung xac dinh:

Tong s nit cia cay.

Sb nut cua cdy ¢ muc k.

S6 nit 14.

Chiéu cao cua cay.

Kiém tra xem cdy T c6 phai cy cin bang hoan toan hay khong?
S6 niit c6 dang hai con khac rong

S6 nut c6 diing mot con khéac rdng

S6 nut ¢6 khoa nho hon x trén cdy nhi phin hodc cdy BST
S6 nut co khoa 16n hon x trén cay nhi phan hodc cdy BST
Duyét theo chiéu rong

Duyét theo chiéu sau

Déo nhanh trai va phai cia mdt cay nhi phan.

8. Viét chuong trinh thuc hién cac thao tac co ban trén cdy AVL: chén mdt
nut, x6a mot nit, tao cdy AVL, huy cay AVL.

9. Viét chuong trinh cho phép tao, thém, bdt, tra cira, stra chira tu dién.
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Chuong I1

Muc tiéu

Sau khi hoc xong chuong nay, sinh vién nam virng va cai dat duoc cac kiéu dir li¢u
triru tugng do thi va van dung dé giai nhiing bai toan thyec te.

Kién thitc co' ban can thiét
Pé hoc tét chuong nay sinh vién cin phai nim viing k§ nang lap trinh co ban nhu:
- Kiéu mau tin, kiéu méang, kiéu con tro.
- Céc céu trac diéu khién, 1énh vong lip.
- Lap trinh ham, thu tuc, cach goi ham.
Noi dung

Trong chuong nay chung ta s& nghién ctru mot s6 kiéu dir liéu triru tugng co ban nhu
sau:

- Cac khai niém co ban
- Kiéu dir liéu triru tugng d6 thi
- Biéu dién do thi
- Céc phép duyét dd thi
- Mot s6 bai toan trén do thi
I. Cac dinh nghia

Mot db thi G bao gdm mét tap hop V cac dinh va mét tap hop E cac cung twong tng,
ki hiéu G = (V, E). Cac dinh con dugc goi la nut (node) hay diém (point). Cac cung
n6i gitra hai dinh, hai dinh nay co thé trung nhau. Hai dinh c6 cung noi nhau goi 1a hai
dinh ké (adjacency). Mot cung ndi gitta hai dinh v, w ¢6 thé coi nhu 13 mét cip diém
(v, w). Néu cip ndy c6 thir tir thi ta c6 cung c6 thi ty, nguoc lai thi 1a cung khong co
thir tw. Néu cac cung trong dd thi G ¢o tht ty thi G goi 1a dd thi co hu’O’ng (directed
graph). Néu cic cung trong d6 thi G khong c6 thir tu thi d6 thi G goi 1 do thj vo
hudng (undirected graph). Trong cac phan sau nay ta dung tur d6 thi dé noi dén do thi
noi chung, khi nao can phén biét 10 ta s€ dung db thi c6 huéng hay d6 thi v6 huong.
Hinh I.1a cho ta mot vi du vé do thi c6 huéng, hinh I.1.b cho ta vi du vé do thi vo
huéng. Trong cac do thi ndy thi cac vong tron dugce danh s6 biéu dién cac dinh, con
cac cung dugc biéu dién bang doan thing c6 hudng (trong I.1a) hodc khong c6 hudng
(trong L.1b).
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4 3
HinhI1la HinhI.1.b

Thong thuong trong mot d6 thi, cac dinh biéu dién cho cac ddi tuong con cac cung
biéu dién cho mbi quan hé giira cac dbi tuong do. Chang han céc dinh c6 thé biéu dién
cho céac thanh phd con cac cung biéu dién cho dudng giao thong nbi giira cac thanh
phd.

Mot dudng di (path) trén do thi 13 mot diy tudn ty cac dinh vy, va, ..v, 520 cho (Vi, Vis)
12 mot cung trén d6 thi (i=1,...,n-1). Puong di nay 1a duong di tir v, dén v, va di qua
cac dinh v,, .., v_;. Pinh v, goi 1a dinh dau, v, con goi la dinh cudi, d6 dai duong di
nay bang (n-1). Truong hop dic biét ddy chi c6 mot dinh v thi ta coi d6 1a duong di tir
n6 dén chinh n6 va do dai bang 0. Vi du day 1, 2, 4 trong d6 thi I.1.a 1a mot duong di
tir dinh 1 dén dinh 4, duong di nay c6 do dai bang 2.

Puong di goi 1a dudng di don néu moi dinh trén dudng di déu khac nhau, ngoai trir
dinh dau va dinh cudi co thé tring nhau. Mot duong di ¢ dinh dau va dinh cubi tring
nhau goi 1a mdt chu trinh. Mot chu trinh don 1a mdt duong di don c6 dinh dau va dinh
cudi trung nhau va c6 do dai it nhat 1a 1. Vi du trong hinh I.1a thi 3,2,4,3 tao thanh
mot chu trinh c6 d§ dai 3. Trong hinh I.1b thi 1,3,4,2,1 1a mot chu trinh c6 d6 dai bé“mg
4,

Trong nhiéu ing dung ta thudng két hop cac gié tri (value) hay nhan (label) véi cac
dinh hodc cac canh, lic ndy ta c6 d6 thi c6 nhan. Nhan két hop v6i cac dinh hodc canh
c6 thé biéu dién tén, gid, khoang cach ...N6i chung nhén c6 thé ¢o kleu tuy y. Hinh 1.2
cho ta mot vi du vé mot do thi 0 nhan. O day, nhan 13 cac gia tri sd nguyen biéu dién
cho gia cude van chuyén mét tin hang giita cac thanh phd 1, 2, 3, 4 ching han.

@i

HinhI.2
Db thi con ctia mot d6 thi G = (V, E) 1a mot d6 thi G’ = (V, E’) trong d6:
- Vo Vva
- E’ gOm tit cé cac canh (v, w) E sao cho v, w € V’
I11. Biéu dién db thi

Mot s6 cau trac dit li¢u co6 theé dung dé bi€u dién do thi. Viéc chon cau trac dit li¢u nao
1a tuy thudc vao cac phép toan trén cac cung va dinh ctia d6 thi. Hai cau trac thuong
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gip 13 biéu dién d6 thi bang ma tran ké (adjacency matrix) va biéu dién do thi bang
danh sach cac dinh ke (adjacency list).

1. Biéu dién d6 thi bing ma tran ké

Ta ding mot mang hai chiéu, chang han mang A, kiéu boolean dé biéu dién cac dinh
ké. Néu db thi c6 n dinh thi ta dung mang A kich thu6e n x n. Gia sir cac dinh dugce
danh s6 1..n thi Ali,j] = true, néu c6 canh nbi gitta hai dinh i va j, nguoc lai Alij] =
false. RS rang néu d6 thi G 1a d thi co huéng thi ma tran ké sé& 14 ma tran ddi xung.
Chang han d6 thi I.1b ¢ biéu dién ma tran ké nhu sau:

1 2 3
0 true true true false
1 true frue true true
2 true frue true frue
3 false true true true

Ta ciing c6 thé biéu dién true 13 1 con false 13 0.

hinh I.1a ¢6 bi€u dién ma tran ké nhu sau:

V6i cach biéu dién nay thi d6 thi

] 0 1 2 3
i

0 1 1 | 0
1 0 1 0 1
2 0 1 | 0
3 0 0 0 1

Trén dd thi c6 nhan thi ma tran ké c6 thé dung dé luu trir nhin ca cac cung ching han
cung gitra 1 va j ¢c6 nhan a thi A[i,j] = a. Vi du ma trén ké ctia d6 thi hinh 1.2 1a:

1 2 3 4
1 50 45
2 50 10 75
3 45 10 30
4 75 30
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O day cac cap dinh khong c6 canh ndi thi ta dé trong, nhung trong cac tng dung ta c6
thé phai gan cho n6 mot gia tri déc biét nao do dé phén biét vdi cac gia tri ¢6 nghia
khac. Chang han nhu trong bai toan tim duong di ngan nhit, cac gia tri s6 nguyén biéu
dién cho khodng cach gitra hai thanh phd thi cip thanh pho khong c6 canh ndi ta gan
cho n6 khoang cach bang x, con khoang cach tir mot dinh dén chinh né 13 0.

Bai tap: Hay viét thi tuc nhap liéu mot ma tran ké bicu dién cho mot do thi. Dir liéu
dau vao la so dinh V, so0 canh E va cac canh no1 hai dinh.

Cach biéu dién d6 thi bang ma tran ké cho phép kiém tra mot cach tryc tiép hai dinh
nao d6 co thé ké nhau khong. Nhung nd phai mat thoi gian duyét qua toan bd mang dé
xéac dinh tit ca cac canh trén do thi. Thoi gian nay doc lap voi s6 canh va sb dinh cua
db thi. Ngay ca khi s6 canh ctia dd thi rat nho thi ta van phai dung m{t ma trdn nxn dé
luu trit. Do vay, néu ta can lam viéc thuong xuyén vdi cac canh cua dd thi thi ta c6 thé
phai dung cach biéu dién khac cho phu hop hon.

2. Biéu dién d6 thi bing danh sich cic dinh keé.
Trong cach biéu dién nay, ta s& luu trit cac dinh ké v6i mot dinh i trong mot danh sach
lién két theo mot thir ty nao d6. Nhu vay ta can mot mang HEAD mot chiéu c6 n phén
tir dé biéu dién cho dd thi c¢6 n dinh. HEADJi] 14 con tro trd téi danh sach cac dinh ké
v6i dinh i. Vi du 6 thi hinh L1a ¢6 thé biéu dién nhu sau:

| e 2 —t | 3 *
2 > 4 *
3 » 2 *
4 » 3 *
Mang HEAD

Bai tap: viét thu tuc nhap dir liéu cho db thi biéu dién bang danh sach ké.
IV. Cac phép duyét dd thi (traversals of Graph)

Trong khi giai nhiéu bai toan dugc mé hinh hoa bang db thi, ta can di qua cac dinh va
cac cung cua dd thi mot cach co hé thé)ng. Vié¢c di qua cac dinh ctia dd thi mot cach c6
hé théng nhu vay goi 1a duyét d6 thi. Co hai phép duyét do thi phd bién d6 1a duyét
theo chiéu sau, va duyét theo chiéu rong.

1. Duyét theo chiéu sau (Depth-first search)

Gia st ta ¢6 dd thi G = (V, E) v6i cac dinh ban dau dugc danh ddu 1a chua duyét
(unvisited). Tir mot dinh v nao d6 ta bat dau duyét nhu sau: danh dau v da duyét, véi
mdi dinh w chua duyét ké voi v, ta thuc hién dé qui qua trinh trén cho w. S¢ di cach
duyét ndy c6 tén 1a duyét theo chiéu sau vi n6 s& duyét theo mot hudng nao d6 sau
nhat co thé duoc. Giai thuat duyét theo chiéu sdu mot dd thi co thé duoc trinh bay nhu
sau, trong d6 ta dung mot mang mark cé n phan tir & danh dau cac dinh cia db thi 1a
da duy¢t hay chua.
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J//danh dau chwa duyét tat cd cac dinh
for (v =0; v <n; v++) mark[v]=unvisited;
//duyét theo chiéu sdu tir dinh ddnh sé 0
for (v =0; v<n; v++)

if (mark[v] == unvisited)

dfs(v); //duyét theo chiéu sdu dinh v

Thu tuc dfs ¢ trong gidi thuat trén co thé dugc viét nhu sau:
void dfs(vertex v) // v thuoc [0..n]

{
vertex w;
mark/[v]=visited;
for (méi dinh w la dinh ké véi v)
if (mark{w] == unvisited)
dfs(w);

/

Hinh 1.3

Vi du: duyét theo chiéu sau db thi trong hinh 1.3. Gia sir ta bat dau duyét tir dinh A,
tire 14 dfs(A). Giai thuat s& danh ddu A da duoc duyét, rdi chon dinh déu tién trong
danh sach cac dinh ké voi A, d6 1a G. Tiép tuc duyét G, G ¢6 hai dinh ké1aBvaC,
theo thtr tyr d6 thi dinh ké tiép duoc duyét 1a dinh B. B ¢6 mot dinh ké 1a A, nhung A
d3 duoc danh dau di duyét nén phép duyét dfs(B) da hoan tat. Bay gio giai thuat s&
tiép tuc voi dinh ké véi G ma con chua duyét 1a C. C khong c6 dinh ké nén phép duyét
dfs(C) két thuc vay dfs(A) ciing két thuc. Con lai 3 dinh chua dugc duyét 1a D, E, F.

Vi du duyét theo chiéu sau do thi hinh I.4 bat dau tir dinh A: duyét A, A c6 cac dinh
ké 1a B, C, D, theo tir tw d6 thi B dugc duyét. B c6 mot dinh ké chwa duoc duyét 1a F,
nén F dugc duyét. F c6 cac dinh ké chua duoc duyét 1a D, G, theo thr tu do thi ta
duyét D. D ¢6 cac dinh ké chua dugc duyét 1a C, E, G, theo thir ty do6 thi C dugc
duyét. Cac dinh ké v6i C déu da duoc duyét nén giai thudt tiép tuc v6i E. E c6 mot
dinh ké chua duyét 13 G, vay ta duyét G. Lic ndy tat ca cac node déu di dugc duyét
xong. Vay thu ty dinh dugc duyét 1a ABFDCEG.
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Hinh 1.4

2. Duyét theo chiéu rong (breadth-first search)

Gia str ta ¢6 db thi G v6i cac dinh ban ddu dugc danh dau 1a chua duyét (unvisited).
Tt mot dinh v nao d6 ta bit dau duyét nhu sau: danh diu v da duoc duyét, ké dén 1a
duyét tat ca cac dinh ké véi v. Khi ta duyét mot dinh v roi dén dinh w thi cac dinh ké
cua v dugc duyét trudce cac dinh ké cua w, vi vay ta dung mot hang doi dé luu trit cac
node theo thtr tu duoc duyét dé co thé duyét cac dinh ké vé6i chung. Ta ciing ding
mang mot chiéu mark dé danh diu mot node da duyét hay chua, twong tu nhu duyét
theo chiéu sau. Giai thuat duyét theo chiéu rong dugc viét nhu sau:

//danh dau chwa duyét tat ca cdc dinh
for (v = 0; v<n; v++) mark[v] = unvisited;
//n la s6 dinh ciia d6 thi
//duyét theo chiéu rong tw dinh danh 56 0
for (v =10, v<n; v++)
if (mark[v] == unvisited)
bis(v);
Thu tuc bfs viét nhu sau:
void bfs(vertex v) // v thuoc [1..n]
{
QUEUE of vertex Q;
vertex X,y;
mark/[v] = visited;
ENQUEUE((,Q), //push cac dinh ke voi v vao Q
while |(EMPTY QUEUE(Q))
{
x = Pop(Q), //lay x ra khoi Q
for (méi dinh y ké véi x)
{
if (mark[y-1] == unvisited)

40



mark[y-1] = visited; {duyét y}
ENQUEUE((y,Q);

}

Vi du duyét theo chiéu rong do thi hinh I.3. Gia st bat dau duyét tir A. A chi c6 mot
dinh k& G, nén ta duyét G. K& dén duyét tat ca cac dinh ké voi G, d6 1a B, C. Sau d6
duyét tat ca cac dinh ké v6i B, C theo thtr tu d6. Céac dinh ké véi B, C d3 duoc duyét,
nén ta tiép tuc duyét cac dinh chua duoc duyét. Cac dinh chua duge duyét 1a D, E, F.
Duyét D, ké dén duyét E, cudi cung duyét F. Vay th tu cac dinh dugc duyét la:
AGBCDFE.

Vi du duyét theo chiéu rong dd thi hinh L.4. Gia st bit dau duyét tr A. Duyét A, ké
dén duyét tat ca cac dinh ké v6i A, d6 1a B, C, D theo thir ty d6. Ké tiép duyét cac dinh
ké cua B, C, D theo thtr ty 6. Vay cac node duoc duyét tiép theo 14 F, E, G. C6 thé
minh hoa hoat dong cua hang doi trong phép duyé¢t trén nhu sau:

Duyét A c6 nghia 1a danh dau visited va dua n6 vao hang doi:

A

Ké dén duyét tat ca cac dinh ké v6i dinh dau hang ma chua duogc duyét, tic 13 ta loai
A khéi hang doi, duyét B, C, D va dua chiing vao hang doi, bay gio hang dogi chira céc
dinh B, C, D.

K& dén lay B ra khoi hang doi va céc dinh ké voi B ma chua dugc duyét, d6 1a F, s
dugc duyét, F dugc day vao hang doi.
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Ké dén thi C duoc léy ra khoéi hang doi va cac dinh ké v6i C ma chua duge duyét s€
duoc duyét. Khong co dinh nao nhu vay, nén budc nay khong thém dinh nao dugc
duyét.

Ké dén thi D duoc 1ay ra khoi hang doi va duyét cac dinh ké chua duyét cua D, tirc 1a
E, G dugc duyét. E, G dugc dua vao hang doi.

G

Tiép tuc, F duoc lay ra khoi hang doi. Khong c¢6 dinh nao ké véi F ma chua dugc
duyét. Vay khong duyét thém dinh nao.
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G

Twong tu nhu F, E rdi dén G duoc iy ra khoi hang. Hang tro thanh rdng va thuat giai
két thuc.

V. Mot so bai toan trén do thi

Phan nay s€ gioi thiu voi mot s6 bai toan quan trong trén dd thi, nhu bai toan tim
duong di ngan nhat, bai todn tim bao dong chuyén ti€p, cay bao trum toi thicu...

1. Bai toan tim dwong di ngan nhit tir mét dinh ciia do thi

Cho db thi G véi tip cac dinh V va tap cac canh E (dd thi c6 hudng hoic vo hudng).
Moi canh cia d6 thi c6 mét nhan, d6 1a mdt gid tri khong am, nhan nay con goi la gia
(cost) cua canh. Cho trudc mot dinh v xéc dinh, goi 1a dinh nguon. Van dé 1a tim
duong di ngan nhat tir v dén cac dinh con lai cua G, tirc 1a cdc duong di tir v dén céc
dinh con lai véi tong cac gia (cost) cia cac canh trén dudong di 1a nho nhat. Chu y rang
ncu do thi c6 hudng thi duong di nay 1a c6 hudng.
Ta c6 thé giai bai toan ndy bang cach xac dinh mét tip hop S chira cac dinh ma
khoang cach ngan nhat tir n6 dén ngudn v da biet. Khoi dau S = {v}, sau d6 moi budc
ta s€ thém vao S cac dinh ma khoang céach tir n6 dén v 1a ngan nhat. Véi gia thiét moi
cung c6 mdt gia tri khong am thi ta ludn luén tim dugc mdt duong di ngan nhat nhu
vay ma chi di qua céc dinh da ton tai trong S. D¢ chi tiét hoa thuat giai, gid st G co n
dinh va nhan trén moi cung duoc luu trong mang hai chiéu C, tirc C[1,j] 1a gia (co6 the
xem nhu d¢ dai) cua cung (1)), néu i, j khong ndi nhau thi C[i L,j] = o (VC). Ta dung
mang mot chiéu L ¢6 n phan tir d¢ luu d6 dai cua dudng di ngan nhat tir mdi dinh cua
db thi den v. Khoi dau khoang cach nay chinh 13 do dai canh (v, 1), tc 1a L[i] = Clv.i].
Tai mbi budc cua giai thuat thi L[i] s& dugc cip nhat lai dé luu do dai dudng di ngin
nhét tir dinh v dén dinh i, duong di nay chi di qua cc dinh di c6 trong S.
Duéi ddy 1a mo ta giai thuat Dijkstra dé giai bai toan trén.
Ki hiéu:

o L(v): dé chi nhan cua dinh v, tirc 1d cdn trén cia chiéu dai dwong di ngdn nhdt

tr sy den v.

o d(sy, v): chiéu dai duwong di ngdn nhat tir sy dén v.

o m(s, v): trong s6 ciia canh (s,v).
Mo ta

Input: G, s

Output: d(sy, v), voi moi v khac s
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Khoi dong:
L) = o, Yv£s, /nhan tam thoi
S = Réng;
Buoc 0
d(so, s9) = L(sg) = 0;
S = {sy}; //sgco nhan chinh thirc
Buoc 1
- Tinh lai nhan tam thoi L(v), voi vg S
Néu v ké vdi s, thi
L(v) = Min{L(v), L(sg) + m(sy, v)};
- Tims,;eSva ke vdi sy sao cho:
L(s;) = Min{L(v): Y veS}; //khi do d(sy, s;) = L(s;)
- S=80{s} /IS = sy s}, s co nhan chinh thic
Budorce 2
- Tinh lai nhan tam thoi L(v), voi vg S
Néu v ké véi s thi
L(v) = Min{L(v), L(s}) + m(s}, v)}
- Tim s,2S va ké véi s, sao cho:
L(s;) = Min{L(v): ¥ veS},; // khi do d(sy, s;) = L(s3)

Néu L(s;) = Min{L(sy), L(s;)+m(s;, s2)} thi dwong di tir s, dén s, qua s; la bé
nhdt, va s; la dinh ké truéc s,

- S=8U{sy}; /IS = sy 81 82}, $5 €O nhan chinh thirc

Budorc i
- Tinh lai nhan tam thoi L(v), voi vg S
Néu v ké véi si; thi
L(v) = Min{L(v), L(si.) + m(si.;, v)};
- Tim s;2S va ké voi s; j€[0,i-1] sao cho:
L(s) = Min{L(v): Y veS}; //khi do d(sy, s;) = L(s;)

Néu L(sy) = Min{L(sy), L(sy)+m(s;, s;)} thi dwong di tir s dén s; qua s;la bé
nhdt, va s; la dinh ké truéc s;

- S=8SU{sy}; /S = sy 81 85...8;}, 8; O nhadn chinh thirc
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Cai dat thuat toan Dijkstra

Dé cai dat thuat giai d& dang, ta gia sir cac dinh cua db thi dugc danh sb tir 1 dén n, tic
1a V= {1,..,n} va dinh ngudn 1a 1. Néu mudn luu trit lai cac dinh trén dudng di ngin
nhat dé c6 thé xay dung lai duong di nay tir dinh nguén dén cac dinh khéc, ta dung
mot mang ddnn. Mang nay s€ luu ddnn[u] = w véi u 1a dinh “trudc” dinh w trong
duodng di.

void Dijkstra(int v)

{
int dnnn[Max];//mang chira dwong di ngan nhat
int i, k, min, dht; //dht: dinh hién tai
int DX[Max], //dinh dau céc dinh di dwa vio S
int L{Max]; //L[i] chira chi phi toi dinh i

for (i =1, i<=n, i++)

{
DX[i] = 0;
L[i] =VC; //VC: v6 cung
/
DX[v] =1;
Liv] =0;
dht = v;
inth=1;
while(h<n-1)
{
min = CV;
for(inti=1, i<=n, i++)
{
if(DX[i] ==0)
{

if(L[dht] + C[dht][i] < L[i]) //tinh lai nhan
{
L[i] = L[dht] + C[dht][i];

dnnn[i] = dht; // gan dinh hién tai bang dinh
trueoc i trén 1o trinh
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/
if(L[i] < min) // chon dinh k
{

min = L[i];

k=1i;

/
//Tai méi buée Ildp h, tim dwoc dwong di ngdn nhdt tir s
//dén k

Xuatddnn(v,k, ddnn);

cout<<’\nTrong so: "<< L[k];

dht = k; // khoi dong lai dht

DX[dht] = 1, //Pwa nut k vao tdp nut da xét

h++;

b

/
Vi du: 4p dung thuat giai Dijkstra cho d6 thi hinh I.5

Hinh 1.5
Két qua khi 4p dung giai thuat

Lan lap S W | L[2] | L[3] | L[4] | L[5]
Khoi dau {1} - 10 [ o | 30 [ 100
ey @ [ @
1 (1,2} 21 10 [ 60 | 30 [ 100
OO [@® D
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2 {124} 4| 10 | 40 | 30 | 90
M@ @D @

3 (12347 [ 3] 10 | 40 | 30 | 50
ORNCONEORNC
4 11,2345 5] 10 | 40 | 30 | 50

M@ D] G

Mang ddnn c6 gia tri nhu sau:
| 2 3 4 5

1 4 1 3

Tir két qua trén ta c6 thé suy ra rang duong di ngén nhat tir dinh 1 dén dinh 3 1a
12>4->3 ¢6 d6 dai 1a 40. Puong di ngan nhat tir 1 dén 5 1a 124->3->5 ¢6 d6 dai la
50.

Bai tap:
1. Viét thu tuc xuit dudng di Xuatdnnn(int v, int k, int ddnn[max]).
2. Cai dat thuat giai Dijkstra.
2. Bai toan tim bao déng chuyén tiép.

Trong mdt s6 trudng hop ta chi cin xac dinh ¢6 hay khong mot duong di ni gitra hai
dinh i,j bat ki. Bay gio khoang cach giita i, j 1a khong quan trong ma ta chi can biét i,]
dugc ndi voi nhau bai mot canh, nguoc lai C[1,j]=0 (co nghia la false). Luc nay mang
A[1,j] khong cho khoang cach ngan nhat gilia 1, j ma no6 cho biét 1a co duong di tur 1
dén j hay khong. A goi 13 bao dong chuyen tiép trong do thi G co biéu dién ma tran ké
1a C. Giai thuat tim bao déng chuyén tiép hay con goi giai thuat Warshall.

int A[n,nj, C[n,n]; //A la bao dong chuyén tié'p, Cla ma tran ké
void Warshall()
{
intijk;
for (i=1; i<=n, i++)
Jor j=1; j<=n; j++)
Afi-1,j-1] = C[i-1,j-1];
for (k=1; k<=n; k++)
for (i=1; i<=n, i++)
iftA[ik] !=0)
for (=1; j<=n; j++)

47



if(A[k] []])
Alij] =1,
/
3. Bai toan tim cay bao trum t6i thidu (minimum-cost spanning tree)

Gia sir ta c6 mot do thi vo huéng G = (V, E). D6 thi G goi 14 lién thong néu ton tai
duong di giita hai dinh bat ki. Bai toan tim cy bao trum tdi thiéu (hodc cdy phu tdi
thiéu) 1a tim mot tap hop T chira cac canh ctia mot d thi lién thong C sao cho V cung
v6i tap céc canh nay cling 1a mot dd thi lién thong, tac 1a (V, T) 1a mdt db thi lién
thong. Hon nita tong do dai cua cac canh trong T 1a nho nhat. Mot thé hién cua bai
toan nay trong thuc té 1a bai toan thiét 14p mang truyen thong, & do cac dinh 1a céac
thanh phd con céc canh cua cay bao trim 14 duong ndi mang giita cac thanh phé.

Gia st G ¢6 n dinh dugc danh sb tir 1..n. Giai thuat Prim dé giai bai toan nay nhu sau:
Y twéng
- Bit déu, tap khéitao la U b::ing 1 dinh nao do6, dinh 1 chéng han, U= {1}, T=
U.

- Sau do ta lap lai cho dén khi U =V, tai mdi buédc 13p ta chon canh nhé nhét ’
(u,v) sao chou eU, ve V-U. Thém v vao U va (u, v) vao T. Khi thuat giai ket
thuc thi (U,T) 1a mgt cay phu toi ticu.

Mo ta thuat toan
o Input: G=(V,E)
o Output: T = (V, ?) la nhé nhat.
o Khoi dong:

- UcV
- T=(U,) = Réng; //do thi rong
- U={1);

o Trong khi (U=V)

Tim canh (u,v) c6 trong sé nhé nhdt véi ue U, ve V. Thém dinh v nay vao U,
thém (u,v) vao T

Cai dat
Dé tién hanh cai dat thuat toan, ta can mo ta dit liéu. D6 thi co trong s6 dugc biéu
dién thanh mgt ma tran ké C[n,n].

Khi tim canh c6 trong s6 nhé nhét nbéi mot dinh trong U va mét dinh ngoai U tai
moi budc, ta dung hai mang dé luu trir:

- Mang closest[], v&ii e V\U thi closest[i]e U 1a dinh ké gan i nhét.

- Mang lowcost[i] luu trong sd cua canh (i, closest[i])
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- Mang daxet danh dau dinh da dugc xét chua

Tai mdi budc ta duyét mang lowcost dé tim dinh closest[k] € U sao cho trong sd
(k, closest[k]) = lowcost[k] 14 nhé nhét. Khi tim dugc, ta in canh (closest[k].k), cap
nhat vao cadc mang closest va lowcost, va c6 k thém vao U. Khi ta tim dugc mot
dinh k cho cdy bao trum, ta cho daxet[k] = DX 1a danh d4u da xét.

#define VC 10000 //dinh nghia gia tri vo cung
#define DX 1 //dinh nghia gia tri khi dinh da dwoc xét

void Prim(MaTranKe C)
{
double lowcost[Max],
int closest[Max],
int daxet[Max];
int i,j,k,Min;
//bat dau tir dinh s6 1

for(i=2; i<=n,; i++)

{
lowcost[i] = C[1]][i];
closest[i] = I;
daxet[i] = 0;
/
for(i=2; i<=n,; i++)
{
Min = lowcost[2];
k=2;
for(j=3; j<=n; j++)
{
if(!daxet[j] && lowcost[j] < Min)
{

Min = lowcost[j];
k=j;
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daxet[k] = DX;
//Khoi dong lai chosest[], lowcost[]

Jor(j=2; j<=n; j++)
if(c[k][j]<lowcost[j] && !daxet[]])

{

lowcost[j] = c[k][j];

closest[j] =k

/

Vi du: 4p dung giai thuat Prim dé tim cAy bao trum tdi thiéu ciia d6 thi lién thong hinh

I.6

Ma tran ké:

HinhI.6

vC

vC

vC

vC

vC

\Y©

Khoi tao

Mang lowcost

2

6

vC

VC

Mang closest
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2 3 4 5 6

1 1 1 1 1
Mang daxet

2 3 4 5 6

0 0 0 0 0

Budc 1: tim dugc Min=1, k =

Mang lowcost

3, mang lowcost va closest cap nhat nhu sau:

2 3 4 5 6
5 1 5 6 4
Mang closest
2 3 4 S 6
3 1 1 3 3
Mang daxet
2 3 4 5 6
0 1 0 0 0
Budc 2: tim dugc Min=4,k=6
Mang lowcost
2 3 4 5 6
5 1 2 6 4
Mang closest
2 3 4 S 6
3 1 6 3 3
Mang daxet
2 3 4 S 6
0 1 0 0 1

Budc 3: tim dugc Min=2,k =4

Mang lowcost



Mang closest

2

Mang daxet

2

Budc 4: tim dugc Min= 5,k =2

Mang lowcost

2

w

Mang closest

2

Mang daxet

2

Budc 5: tim Min = 3,

Mang lowcost

k=5

2

Mang closest

2

Mang daxet

2
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Bai tap
1. Viét biéu dién d6 thi 1.7 bang:
- Ma tran ké.

- Danh sach céc dinh ké.

Hinh [.7
2. Duyét @6 thi hinh 1.7 (xét cac dinh theo thir tu a,b,c...)
- Theo chiéu rong bat dau tir a.
- Theo chiéu sau bat dau tir f
3. Ap dung giai thuat Dijkstra cho d6 thi hinh L.7, véi dinh ngudn 13 a
4. Viét biéu dién d0 thi 1.8 bang:

Hinh I.8

- Ma tran ké.

- Danh sach cac dinh ké.
5. Duyét dd thi hinh 1.8 (xét cac dinh theo thir ty A,B,C...)

- Theo chiéu rong bat dau tir A.

- Theo chiéu siu bat dau tir B.
6. Ap dung giai thuat Dijkstra cho do thi hinh I.8, véi dinh ngudn 1a A.
7. Tim cay bao trum tdi thiéu cta do thi hinh L.8 bing giai thuat Prim.
8. Cai dat dd thi c6 hudng bang ma tran ké rdi viét cc giai thuat:

- Duyét theo chiéu rong.
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- Duyét theo chiéu sau.
- Tim dudng di ngan nhét tir mot dinh cho trudc (Dijkstra).

9. Cai dit d thi co hudng bang danh sach cac dinh ké rdi viét cac giai thuat duyét theo
chiéu rong.
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Chuong I11
Bang Bam

Muc tiéu

Trong chuong nay, chiing ta s& nghién ctru bang bam. Bang bam 14 c4u tric dir liéu
duoc st dung dé cai diat KDL tir dién. Nhé lai réng, KDL tir dién 1a mot tap cac doi
tuong dir liéu dugce xem xét dén chi v6i ba phép toan tim kiém, xen vao va loai bo.
DPuong nhién 1 ching ta c6 thé cai dit tir dién boi danh sach, hodc béi cay tim kiém
nhi phan. Tuy nhién bang bam la mdt trong cac phuong tién hiéu qua nhat dé cai dat
tu dién.

Kién thitc co ban can thiét

Pé hoc tot chuong nay sinh vién can phai nim vitng k¥ nang 1ap trinh co ban nhu:
- Céu trac mang, danh sach
- Céc céu trac diéu khién, 1énh vong lip.

- Léap trinh ham, thu tuc, cach goi ham.

Noi dung

Trong chuong nay, chiing ta s& dé cap tdi cac van dé sau day:
- Phuong phap bam va ham bam.
- Céc chién lugc giai quyét sy va cham.
- Cai dat KDL tir dién boi bang bam.

I. Phwong phap bam

Van dé dugc dat ra 13, ching ta c6 mot tap dir liu, ching ta can dua ra mot ciu truc
dr liéu (CTDL) cai dat tap dir liéu nay sao cho cac phép toan tim kiém, xen, loai duogc
thuc hién hiéu qua. Trong cac chuong trudc, chung ta da trinh bay cac phuong phap
cai dat KDL tap dong (tir dién 14 truong hop riéng cua tap dong khi ma ching ta chi
quan tim t&i ba phép toan tim kiém, xen, loai). Sau ddy chiing ta trinh bay mét k¥
thuat mai dé luu giltr mot tap dir li€u, do 1a phuong phép bam.

Néu nhu céc gia tri khod cua cac dit liéu 1a s6 nguyén khong 4m va nam trong khoang
[0..SIZE-1], chiing ta c6 thé str dung mot mang data c6 ¢& SIZE dé luu tap dit lidu do.
Dit liéu c6 khod 14 k s& dugc Iuu trong thanh phan data[k] cua mang. Boi vi mang cho
phép ta truy cép truc tiép toi timg thanh phan ctia mang theo chi sb, do do cac phép
toan tim kiém, xen, loai dugce thue hién trong thoi gian O(1). Song dang tiéc 13, khoa
c6 thé khong phai 1a sé nguyén, thong thuong khoa con c¢o thé 1a s thuc, 1a ky tu hodc
xau ky tu. Ngay ca khoa 1a sb nguyén, thi cac gi tri khoa noi chung khong chay trong
khoang [0..SIZE-1].

Trong truong hop tong quét, khi khod khong phai 13 cac s6 nguyén trong khoang
[0..SIZE-1], ching ta ciing mong muén luu tap dir liéu boi mang, dé loi dung tinh vu
viét cho phép truy cip truc tiép cia mang. Gia sir chiing ta mudn luu tap dit liéu trong
mang T vdi cd 1a SIZE. Pé lam dugc didu do, voi mdi dit lidu ching ta can dinh vi
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duoc vi tri trong mang tai d6 dir liéu duoc luu gitr. Néu chung ta dua ra dugc céch tinh
chi s6 mang tai do luu dir li¢u thi ching ta c6 thé Iuu tap dir li€u trong mang theo so
do Hinh III.1.

Tinh dia
chi

Ham bam
Tap cac gia tri khoa

SIZE-1

Mang T

Hinh I11.1. Lugc d6 phuong phap bam.

Trong lugc @6 Hinh I11.1, khi cho mot dir liéu c6 khod 1 k, néu tinh dija chi theo k ta
thu duoc chi s i, 0 <= i <= SIZE-1, thi dif liéu s& duoc luu trong thanh phan mang
T[]

Mot ham tng véi moi gia tri khoa cua dit liéu vi mot dia chi (chi s6) cua dir lidu
trong mang duogc goi 1a ham bam (hash function). Phuong phap luu tap dir liu theo
luge do trén dugc goi 1a phuong phap bam (hashing). Trong luoc d6 I1.1, mang T
dugc goi la bang bam (hash table).

Nhu vay, ham bam 1a mét anh xa h tir tdp cac gia tri khoé cua dﬁ: liéu vao tap cac sb
nguyén {0,1,..., SIZE-1}, trong d6 SIZE la c& cia mang dung dé luu tap dir ligu, tic
la:

h:K - {0,1,...,SIZE-1}

v6i K 1a tap cac gid tri khoa. Cho mot dir li€u c6 khod 1a k, thi h(k) duoc goi 1a gié tri
bam cua khoa k, va dir liéu dugc luu trong T[h(k)].

Néu ham bam cho phép tng cac gia tri khoa khac nhau voi cac chi sé khac nhau, tic
1a néuk, = ky thi h(k;) # h(ks), va viéc tinh chi s6 h(k) tng véi m01 khod k chi doi
hoi thoi gian hing, thi cac phep toan tim kiém, xen, loai ciing chi can thoi gian O(1).
Tuy nhién, trong thyc té mot ham bam co thé anh xa hai hay nhiéu gia tri khoa t6i
cung mot chi s nao d6. Pidu do ¢ nghia la ching ta phai luu cac dir liéu do trong
cing mot thanh phdn mang, ma mdi thanh phan mang chi cho phép luu mot dir licu !
Hién tuong nay dugc goi 1a sy va cham (collision). Van dé dat ra 1a, giai quyét su va
cham nhu thé nao? Chéng han, gia st dir li€u d; véi khod k; da duogc luu trong T[i], 1=
h(k;); bay gio chung ta can xen vao dit liéu d, vai khoa ks, néu h(k,) =1 thi dit li¢u d,
can duogc dit vao vi tri ndo trong mang?

Nhu vay, mgt ham bam nhu thé nao thi duoc xem 1a tdt. Tir nhirng diéu da néu trén,
chung ta dua ra cac ti€u chuéan dé thiét ké mot ham bam tot nhu sau:
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1. Tinh duoc dé dang va nhanh dia chi tmg v6i méi khoa.
2. Pbam bao it xay ra va cham.
II. Cac ham bam

Trong cac ham bam dugc dua ra dudi day, chung ta sé ky hi€u k 1a mot gié tri khoa

bat ky va SIZE la c& cua bang bam. Trudce hét chung ta s& xét trudng hop cac gia tri
kho4 13 cac s6 nguyén khong 4m. Néu khong phai la truong hop nay (ching han, khi
cac gia tri khoa 1a cac xau ky tu), chiing ta chi can chuyén dbi cac gié tri khoa thanh
cac s0 nguyén khong am, sau d6 bam chung bang mot phuong phap cho truong hop
khoa 1a s0 nguyén.

C6 nhiéu phuong phap thiét ké ham bam da dugc dé xuat, nhung duoc sir dung nhiéu
nhat trong thuc té 1 cac phuong phap duoc trinh bay sau day:

1. Phwong phap chia
Phuong phéap nay don gian 1a 1y phan du ctia phép chia khod k cho ¢& bang bam
SIZE lam gié tri bam: h(k) =k mod SIZE
Bang cach nay, gia tri bam h(k) 1a mét trong cac s6 0,1,..., SIZE-1. Ham bam nay
duogc cai dat trong C++ nhu sau:
unsigned int hash(int k, int SIZE)

{
return k % SIZE;

/

Trong phuong phéap nay, dé bam mot khoa k chi cdn mot phép chia, nhung han ché co
ban cua phuong phap nay 13 dé han ché xay ra va cham, chung ta can phai biét cach
lra chon ¢ ctia bang bam. Cac phan tich 1y thuyét da chi ra rang, de han ché va cham,
khi sir dung phuong phap bam nay ching ta nén lya chon SIZE la sO nguyén t6, tot
hon 12 s6 nguyén t6 c6 dang déc biét, chang han c6 dang 4k+3. Vi du, c6 thé chon
SIZE =811, vi 811 14 s6 nguyén t6 va 811 =4 . 202 + 3.

2. Phuong phap nhan

Phuong phap chia c6 wu diém 14 rat don gian va d& dang tinh dwoc gid tri bam, song
d6i voi sy va cham n6 lai rat nhay cam véi ¢& cia bang bam. Pé han ché su va cham,
chung ta c6 thé str dung phuong phap nhan, phuong phap nay c6 vu diém 1a it phu
thudc vao cd cia bang bam.

Phuong phap nhan tinh gia tri bam ciia khoa k nhu sau. Dau tién, ta tinh tich ciia khoa
k vé1 mot hang so thuc «, 0 < o <1. Sau d6 lay phan thap phan cta tich o k nhan véi
SIZE, phan nguyén cua tich nay dugc lay lam gia tr1 bam cua khod k. Tuc la:

h(k) =L (ok - Lak]) . SIZE]|

(Ky hié¢u [xJ chi phan nguyén cia sb thuc x, tirc 13 s6 nguyén 10n nhat <=x, ching han
13]=3,13.407]=3)
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Chu ¥ rang, phan thap phan cia tich ok, tic 132 ak - lak |, 1a sd thue duong nho hon
1. Do d6 tich cta phan thap phan vé6i SIZE 1a s6 dwong nho hon SIZE. Tir d6, gia tri
bam h(k) 1a mdt trong cac s6 nguyén 0,1,..., SIZE- 1.
Dé c6 thé phan phéi dél} cac gié tri khod vao cac vi tri trong bang bam, trong thuc té
nguoi ta thuong chon hang s6 o nhu sau:

a=0"~0,61803399
Ching han, néu ¢& bang bam 1a SIZE = 1024 va hang s6 & duoc chon nhu trén, thi
véi k = 1849970, ta co:

h(k) = [(1024.(c.. 1849970 - | .. 1849970 J) | =348.

3. Ham bam cho cac gia tri khoa 1a xau ky tw

Pé bam cac xau ky ty, trude hét ching ta chuyén d6i cac xau ky tu thanh cac sO
nguyén. Cac ky tu trong bang ma ASCII gom 128 ky tu dugc danh sO tir 0 dén 127, do
dé mot xau ky tu ¢o the xem nhu mot sb trong hé dém co s6 128. Ap dung phuong
phap chuyén d6i mot sé trong hé dém bat ky sang mot so trong hé dém co sd 10,

ching ta s& chuyén qOI dugc mot xau ky tuthanh mot s6 nguyén. Chang han, xau
“NOTE” duogc chuyén thanh mdt s6 nguyén nhu sau:

“NOTE” = ‘N’.128° + ‘0°.128% + ‘T°.128 + ‘E’ =
78.128° +79.128% + 84.128 + 69

Van dé ndy sinh vdi cach chuyén doi nay 1a, chiing ta can tinh cac luy thtra cia 128,
voi cac xau ky tu tuong doi dai, két qua nhan duoc s€ 1a mot s6 nguyén cuc 16n vuot
qué kha nang biéu dién cia may tinh.

Trong thyc té, thong thuong mot xau ky tur duoc tao thanh tir 26 chir cai va 10 chir s6,
va mot vai ky tu khac. Do d6 chung ta thay 128 boi 37 va tinh s6 nguyén ing véi xau
ky tu theo luat Horner. Chang han, s6 nguyén ung véi xau ky tu “NOTE” dugc tinh
nhu sau:

“NOTE” > 78.37° +79.37° + 84.37 + 69 =
((78.37 + 79).37 +84).37 +69

Sau khi chuyén d6i xau ky tu thanh s6 nguyénbing phuong phap trén, ching ta s& ap
dung phuong phéap chia dé tinh gia tri bam. Ham bam cac xau ky tu dugc cai dat nhu
sau:

unsigned int hash(const string &k, int SIZE)
{

unsigned int value = 0;

for (int i=0; i< k.length(), i++)
value = 37 *value + k[i];
return value % SIZE;
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II1. Cac phwong phap giai quyét va cham

Trong myc I1.2 ching ta da trinh bay cac phuong phap thiét ké ham bam nham han
ché xdy ra va cham. Tuy nhién trong cac ung dung, sy va cham 1a khong tranh khoi.
Chung ta s& thay rang, cach giai quyét va cham anh hudng truc tiép dén hiéu qua cia
cac phep toan tir dién trén bang bam. Trong muc nay chiing ta s€ trinh bay hai phuong
phap giai quyét va cham. Trong phuong phap tht nhat, mdi khi xay ra va cham, chiing
ta tién hanh thim do dé tim mot vi tri con trong trong bang va dat dur liéu mai vao do.
Mot phuong phap khéc 13, chung ta tao ra mot cau trac dir lidu luu gii tat ca cac dir
liéu dugc bam vao cung mot vi tri trong bang va “gén” cau trac dir liéu nay vao vi tri
doé trong bang.

1. Phwong phap dinh dia chi mé

Trong phuong phép nay, cac dir liéu duoc luu trong cac thanh phan ciia mang, mdi
thanh phan chi chtra dugc mot di lidu. Vi thé, mdi khi can xen mot dir liéu méi voi
khoa k vao mang, nhung tai vi tri h(k) da chira dit liéu, chung ta s& tién hanh tham do
mot s6 vi tri khac trong mang dé tim ra mot vi tri con tréng va dat dir liéu méi vao vi
tri d6. Phuong phap tién hanh tham do dé phat hién ra vi tri trong duoc goi 1a phuong
phap dinh dia chi m¢ (open addressing).

Gid su vi tri ma ham bam xac dinh ung vi khoa k 1a 1, i=h(k). Tt vi tri nay ching ta
1an lugt xem Xét C4c Vi tri ig , i1 5 12 5.y im »---

Trong d6 iy =1, im(m=0,1,2,...) 13 vi tri thaim do & 1an th m. Dy céc vi tri ndy s&
duogc goi 1a ddy tham do. Véan dé dit ra 13, x4c dinh day thim do nhu thé nao? Sau day
chung ta s& trinh bay mot s6 phuong phép tham do va phan tich uu khuyét diém cia
mdi phuong phap.

Thim do tuyén tinh.

Pay la phuwong phap tham do don gian va dé cai dat nhat. Vi khoa k, gia st vi tri
dugc xac dinh béi ham bam la i=h(k), khi d6 day tham do la 1, i+1, 1+2,

Nhu vay thim do tuyén tinh c6 nghia 13 chiing ta xem xét cac vi tri tiép lién nhau ké tir
vi tri ban dau duoc x4c dinh boi ham bam. Khi can xen vao mot dit liéu méi véi khoa
k, néu vi tri i = h(k) da bi chiém thi ta timdén céc vi tri di lién sau d6, gap vi tri con
trong thi dat dit 1iéu méi vao do.

Vi du. Gia st ¢& ctia mang SIZE = 11. Ban dau mang T rdng, va ta can xen lan lugt
cac dir liéu véi khod 1a 388, 130, 13, 14, 926 vao mang. Bam khoa 388, h(388) =3, vi
vy 388 dugc dat vao T[3]; h(130) =9, dat 130 vao T[9]; h(13) = 2, dat 13 trong T[2].
Xét tlep dir liéu voi khoa 14, h(14) = 3, Xay ra va cham (vi T[3] d4 bi chiém boi 388),
ta tim dén vi tri tiép theo 1a 4, vi tri nay tréng va 14 dugc dit vao T[4]. Tuong tu, khi
xen vao 926 cling xdy ra va cham, h(926) =2, tim dén céc vi tri tlep theo 3,4, 5 va 92
duoc dat vao T[5]. Két qua la chung ta nhan dugc mang T nhu trong Hinh I11.2.
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0 1 2 3 4 5 6 7 8 9 10
Hinh II1.2. Bang bam sau khi xen vao cac dit li¢u 38, 130, 13, 14 va 926

Bay gio chiing ta xét xem, néu luu tap dir liu trong mang bang phuong phap dinh dia
chi mo thi cac phép toan tim kiém, xen, loai duoc tién hanh nhu thé nao. Céc k¥ thuét
tim kiém, xen, loai duoc trinh bay dudi day c6 thé st dung cho bat ky phuong phap
tham do ndo. Trudc hét can luu ¥ ring, dé tim, xen, loai chung ta phai sir dung cung
mot phuong phap tham do, chang han tham do tuyén tinh. Gi sir chung ta can tim dit
lidu voi khoa 1a k. Pau tién can bam khoa k, gia str h(k)=i. Néu trong bang ta chua mot
1an nao thuc hién phép toan loai, thi ching ta xem x¢ét cac dir liéu chira trong mang tai
vi tri i va cac vi tri tiép theo trong ddy tham do, , ching ta s€ phathién ra dir liéu cén tim
tai mot vi tri nao do trong day tham do, hoac néu gip mot vi tri trdng trong day tham
do thi c6 thé dimg lai va két luan dir liéu can tim khong c6 trong mang. Chang han
chung ta muodn tim xem mang trong Hinh II1.2 ¢6 chtra dit li¢u véi khoa 1a 47?7 Boi vi
h(47) = 3, va dix liéu dugc luu theo phuong phap thim do tuyén tinh, nén ching ta lan
luot xem xét cac vi tri 3, 4, 5. Cac vi tri nay déu chira dit liéu khéac v6i 47. Dén vi tri 6,
mang trong. Vay ta két luan 47 khong co6 trong mang.

Pé loai dit liéu voi khoa k, trude hét chung ta can ap dung tha tuc tim kiém di trinh
bay & trén dé dinh vi dit liéu & trong mang. Gia st dir liéu dugc luu trong mang tai vi
tri p. Loai dit liéu & vi tri p bang cach nao? Néu dat vi tri p 1a vi tri trong, thi khi tim
kiém néu tham do gip vi tri tréng ta khong thé dimg va dua ra két luan dir liéu khong
c6 trong mang. Ching han, trong mang Hinh I11.2, ta loai dit liéu 388 bang cach xem
vi tri 3 1a tréng, sau d6 ta tim dit liéu 926, vi h (926) = 2 va T[2] khong chira 926,
timdén vi tri 3 13 tréng, nhung ta khong thé két luan 926 khong co trong mang. Thuc
t€ 926 ¢ vi tri 5, vi lic dua 926 vao mang cac vi tri 2, 3, 4 d bi chiém. Vi vay dé dam
bao thi1 tyc tim kiém d4 trinh bay & trén van con dung cho truong hop da thuc hién
phép toan loai, khi loai dir 1i€u ¢ vi tri p chung ta dat vi tri p 1a vi tri da loai bo. Nhu
vay, chung ta quan niém mdi vi tri i trong mang (0 <= i <= SIZE-1) c6 thé 1a vi tri
trong (EMPTY), vi tri d4 loai bo (DELETED), hodc vi tri chira dit liéu (ACTIVE).
Puong nhién 1a khi xen vao dir liéu méi, chung ta co thé d3t né vao vi tri da loai bo.

Vi¢c xen vao mang mdt dir li€u mai dugce tién hanh bang cach lan lugt xem xét cac vi
tri trong day tham do ung vé1 moi khod cua dir 1i€u, khi gdp mot vi tri trong hodc vi tri
da duoc loai bo thi dat dir 1iéu vao do.

Sau day 1a ham tham do tuyén tinh
int  Probing (int i, int m, int SIZE)
// SIZE la c6 cua mang
/i la vi tri ban dau dwoc xdc dinh béi bam khod k, i = h(k)
// ham trd vé vi tri tham do & lan thir m=0, 1, 2, ..

{
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return (i+m) % SIZE;
/

Phuong phap tham do tuyén tinh c¢6 vu diém 1a cho phép ta xem xét tat ca cac vi tri
trong mang, va do d6 phép toan xen vao ludn ludn thuc hién duge, trir khi mang day.
Song nhuoc diém cta phuong phap nay 1a cac dit liéu tap trung thanh timg doan, trong
qua trinh xen céc dir liéu méi vao, cac doan c6 thé gdp thanh doan dai hon. Diéu d6
1am cho céc phép toan kém hiéu qua, ching han néu i = h(k) & ddu mot doan, dé tim
dir liéu véi khod k chiing ta can xem xét ca mot doan dai.

Tham do binh phuong

Pé khac phuc tinh trang dir lidu tich ty thanh ting cum trong phuong phap tham do
tuyén tinh, ching ta khong thim do cac vi tri ké tiép lién nhau, ma tham do bo chd
theo mot quy luat nao do.

Trong thim do binh phuong, néu vi tri tmg voi khoa k 14 1 = h(k), thi day tham do 1a
i, 17, i+ 2%, it m,

Vi du. Néu c0 cia mang SIZE = 11, va i = h(k) = 3, thi tham do binh phuong cho phép

ta timdén cac dia chi 3,4, 7, 1, 8 va 6.

Phuong phap tham do binh phuong tranh duge sy tich tu dir liéu thanh timg doan va
tranh dugc sy tim klem tuan tu trong cac doan. Tuy nhién nhuoc diém cta no 1a khong
cho phép ta tim dén tat ca cac vi tri trong mang, chang han trong vi du trén, trong s6

11 vitritr 0, 1,2, ..., 10, ta chi im dén cac vi tri 3,4, 7, 1, 8 va 6. Hau qua cua diéu
d6 13, phép toan xen vao c6 thé khong thyuc hién dugce, mic dau trong mang van con
cac vi tri khong chura dir.

Bam kép
Phuong phap bam kép (double hashing) c6 uu dlem nhu tham do binh phuong 1a han

ché duoc sy tich tu dir liéu thanh cym; ngoai ra néu chung ta chon ¢& cia mang la 5O
nguyén to, thi bam kép con cho phép ta tham do toi tat ca cac vi tri trong mang.

Trong thim do tuyén tinh hodc thim do binh phuong, cac vi tri tham do cach vi tri
xuat phat mot khoang cach hoan toan xac dinh trudc va cac khodng cach nay khong
phu thudc vao khod. Trong bam kép, ching ta sir dung hai ham bam h, va hy:

- Ham bam h; dong vai tro nhu ham bam h trong cac phuong phap trude, n6 xac
dinh vi tri tham do dau tién.

- Ham bam h, xac dinh budc tham do.
Diéu d6 c6 nghia 13, ing vi mdi khoa k, diy tham do la:
h(k) + m hy(k), véim=0, 1, 2, ...

Boi vi hy(k) 12 bude tham do, nén ham bam h, phai thoa man diéu kién hy(k) # 0 voi
moi k.
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C6 thé chimg minh dugc rang, néu ¢d clia mang va budc tham do hy(k) nguyén t6
cung nhau thi phuong phap bam kép cho phép ta tim dén tat ca cac vi tri trong mang.
Khang dinh trén s& dang néu chung ta Iya chon ¢& ciia mang 13 s6 nguyén td.

Vi du. Gia st SIZE = 11, va cac ham bam duogc xac dinh nhu sau:
hi(k)=k % 11
hyk)=1+ (k% 7)

v6i k = 58, thi budc thim do 13 hy(58) = 1 + 2 = 3, do d6 ddy tham do 1a: hy(58) = 3, 6,
9,1,4,7,10,2,5,8, 0. con véi k = 36, thi budc tham do 1a hy(36) = 1 + 1 =2, va diy
thim do 143,5,7,9,0,2, 4, 6, 8, 10.

Trong cac ung dung, chung ta co thé chon c¢& mang SIZE 1a s6 nguyén té va chon M 1a
s6 nguyén t6, M < SIZE, roi st dung cac ham bam

hy(k) =k % SIZE
hy(k) =1+ (k % M)
2. Phuong phap tao diy chuyén

Mét céc}l tiép can khac dé giai quyét su va cham la ching ta tao mdt (;éu trac dur liéu
dé luu tat ca 92’10 dir liéu duoc bém vao cung m@t V1 tri tronggnéng. Céu‘trﬁc dir liu
thich hop nhat la danh sach lién két (day chuyén). Khi d6 moi thanh phéan trong bang
bam T[i], v6i1=0, 1, ..., SIZE — 1, s€ chtra con tré tro téi dau mot DSLK. Cach gidi
quy€t va cham nhu trén dugc goi 1a phwong phap tao day chuyen (separated chaining).
Luogc do luu tap dir liéu trong bang bam str dung phuong phap tao day chuyén dugc
mo ta trong Hinh II1.3.

— = [ ..
\Hambam/ :
AN

T - -
1> B 1> -

Hinh I11.3. Phuong phép tao ddy chuyén

T

Uu diém ctia phuong phép giai quyét va cham nay la s6 dir lidu dugc luu khong phu
thudc vao cd cia mang, n6 chi han ché boi by nhd cap phat dong cho céc day chuyén.

Bay gio chiing ta xét xem cac phép toan tir dién (tim kiém, xen, loai) duogc thuc hién
nhu thé nao. Cac phép toan dugc thuc hién rat dé dang, dé xen vao bang bam dir licu
khoa k, chiing ta chi can xen dir liéu ndy vao dau DSLK duogc tro t6i boi con tro
T[h(k)]. Phép toan xen vao chi doi héi thoi gian O(1), néu thoi gian tinh gia tri bam
h(k) 1a O(1). Viéc tim kiém hodc loai bo mot dit liéu v6i khoa k duoc quy vé tim kiém
hoic loai bo trén DSLK T[h(k)]. Thoi gian tim kiém hodc loai bo duwong nhién 1a phu
thudc vao do dai cia DSLK.

Chung ta c6 nhan xét rang, du giai quyét va cham bang cach tham do, hay giai quyét
va cham bang cach tao day chuyén, thi bang bdm déu khong thuan tién cho su thuc
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hién cac phep toan tap dong khac, chang han phép toan Min (tim dir liéu c6 khoa nho
nhat), phép toan DeleteMin (loai dir li¢u c6 khoa nho nhat), hodc phép duyét dir licu.

Sau nay chung ta s& goi bang bam véi giai quyét va cham béng phuong phap dinh dia
chi m¢ la bang bam dia chi m¢, con bang bam giai quyet va cham bang cach tao day
chuyén la bang bam day chuyén.

IV. Cai dat bang bam dia chi m¢

Trong muc ndy chung ta s& nghién ctru su cai dat KDL tir dién boi bang bam dia chi
mo. Chiing ta s& gia thiét rang, cac dir liéu trong tir dién c6 kiéu Item nao d6, va chung
chira mét truong dung lam khoa tim kiém (truong key), cac gia tri khoa co kiéu int.
Ngoai ra dé don gian cho viét ta gia thiét rang, c6 thé truy cap truc tlep truong key.
Nhu da thao luén trong muc III.1, trong bang bam T, mo6i thanh phan T[], 0 <=1<=
SIZE -1, s& chtra hai bién: bién data dé luu dit liéu va bién state dé luu trang thai cua
vi tri 1, trang thai ctia vi tri i c6 thé 1 réng (EMPTY), ¢6 thé chua di liéu (ACTIVE),
hoic ¢ thé d3 loai bo (DELETED). Chiing ta s& cai dit KDL béi 16p OpenHash phu
thudc tham bién kiéu Item, 16p nay str dung mdt ham bam Hash va mgt ham tham do
Probing di duoc cung cap. Lép OpenHash dugc khai béo nhu sau:

const int SIZE =811,
enum stateType {ACTIVE, EMPTY, DELETED),
struct  Entry
{
int data;
stateType state;
/
Entry T[SIZE],
OpenHash(); // khéi tao bang bam rong.
bool  Search(int k, Item & I) const;
// Tim dir liéu co khoa la k.
// Ham tra vé true (false) néu tim thdy (khéng tim thay).
// Néu tim kiém thanh cong, biénl ghi lai diF liéu can tim.
void Insert(const Item & object, bool & Suc)
// Xen vao dit liéu object. bién Suc nhdn gia tri true
// néu phép xen thanh céng, va false néu that bai.
void  Delete(int k),
// Loai khoi bang bam dir liéu co khod k.
bool Find(int k, int & index, int & indexl) const;
// Ham thyc hién tham do tim dir liéu co khoa k.
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// Néu thanh cong, ham tra vé true va bién index ghi lai chi
// 56 tai d6 chira diF liéu.
// Néu thdt bai, ham tra vé false va bién index] ghi lai
// chi $6 & trang thai EMPTY hodc DELETED néu thiam do
// phat hién ra.
Dé khoi tao bang bam rdng nhu sau:

for (inti=0;i<SIZE;i++)

T[i].state = EMPTY;

Chu ¥ rang, cac phép toan tim kiém, xen, loai déu can phai thyc hién tham do dé phat
hién ra dir liéu can tim hodc dé phat hién ra vi tri rdng (hodc bi tri d3 loai bo) dé dwa
vao dit liéu méi. Str dung ham Find ta dé dang cai dit duoc cac ham Search, Insert va
Delete. Trudc hét chung ta cai dat ham Find. Trong ham Find khi ma qu4 trinh thim
do phat hién ra vi tri rong thi c6 nghia 14 bang khong chtra dir liéu can tim, song trudc
khi dat toi vi tri rong c6 thé ta da phat hién ra cac vi tri da loai bo, bién index1 s& ghi
lai vi trf d3 loai bo dau tién da phat hién ra . Con néu phat hién ra vi tri réng, nhung
trude do ta khong gap vi tri da loai bd nao, thi bién index1 s& ghi lai vi tri r5ng. Ham
Find duoc cai dat nhu sau:

bool Find(int k, int & index, int & indexl)
{
int i = Hash(k),
index = 0;
indexl = i;
for (int m= 0 ; m< SIZE ; m++)
{
int n = Probing(i,m); //vi tri thdm do & lan thir m.
if (T[n].state = = ACTIVE && T[n].data= =k )
{
index = n;
return true,
/
else if (T[n].state = = EMPTY)
{
if (T[index1].state |= DELETED)

indexl = n;
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return false;

/
else if (T[n].state = = DELETED & & T[indexl].state!= DELETED)

indexl = n;

/

return false; // Dirng tham do ma van khéng tim ra dir liéu

// va ciing khéng phat hién ra vi tri rong.
/

Str dung ham Find, cic ham tim kiém, xen, loai duoc cai dat nhu sau:

bool Search(int k)
{

int ind, indl;
if (Find(k,ind,indl))
{

return true;

/

else

{

return false;

/
void Insert(int & object, bool & Suc)

{
int ind, indl;
if (!Find(object, ind, indl))
if (T[indl].state = = DELETED || T[indl].state = = EMPTY)

{
T[indl].data = object;
T[indl].state = ACTIVE,
Suc = true;

/

else Suc = false;



/
void Delete(int k)

{
int ind, indl;
if (Find(k, ind, indl))
T[ind].state = DELETED;
/

Trén day ching ta di cai dat bang bam dia chi mé boi mang c¢6 ¢& ¢ dinh. Han ché
cua cach nay 1a, phép toan Insert co thé khong thuc hién duoc do mang day hoic c6
thé mang khong day nhung tham do khong phat hién ra vi tri rdng hodc vi tri di loai
bo dé dat dit liéu vao. Cau hoi dit ra 13, chiing ta ¢ thé cai dit boi mang dong nhur
chung ta da lam khi cai dat KDL tap dong. Cau tra 161 1a co, tuy nhién cai dat bang
bam bdi mang dong s€ phure tap hon, vi cac 1y do sau:

- C0& cua mang can 1a s6 nguyén to, do d6 chiing ta can tim s6 nguyén to ti€p theo
SIZE lam c& cua mang maoi.

- Ham bam phu thudc vao c& cia mang, ching ta khong thé sao chép mot cach
don gidan mang cli sang mang mai nhu chiung ta da [am trude day, ma can phai
st dung ham Insert dé xen tung dir li€u cua bang cii sang bang mai

. Cai dit bang bim diy chuyén

Trong muc ndy ching ta s& cai dat KDL tir dién boi bang bam day chuyén. Lép
ChainHash phu thudc tham bién kiéu Item v&i cac gia thiét nhu trong muc IV. Lop
nay duogc dinh nghia nhu sau:

struct  Cell
{
Item data;
Cell* next;
) // Cau triic té bao trong ddy chuyén.
Cell* T[SIZE].// Mdng cdc con tré tré dau cdc day chuyén
// Céc phép todan tir dién:
bool Search(int k, Item & I) const;
void Insert(const Item & object, bool & Suc);
void Delete(int k),

Pé khai tao ra bang bam rdng, chiing ta chi can dit cac thanh phan trong mang T 13
con tro NULL.

Ham kién tao mac dinh nhu sau:
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for (inti=0; i< SIZE ; i++)
T[i] = NULL,

Céac ham tim kiém, xen, loai duoc cai dat rat don gian, sau khi bam chung ta chi can
ap dung céac ky thuat tim kiém, xen, loai trén cac DSLK. Cac ham Search, Insert va
Delete duoc xac dinh dudi day:

bool Search(int k, Item & 1)
{
int i = Hash(k);
Cell* P=TJi];
while (P! = NULL)
if (P 2data.key = = k)
{
1 = P=>data;
return true;
/
else P= P 2next;

return false;

/
void Insert(const Item & object, bool & Suc)
{
int i= Hash(k),
Cell* P = new Cell;
If (P !=NULL)
{
P 2data = object;
P 2next = T[i];
T[i] = P; //Xen vao ddu ddy chuyén.
Suc = true;
/
else Suc = false;
/
void Delete(int k)
{
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int i= Hash(k),
Cell* P;
If (T[i] != NULL)
If (T[i] Pdata.key = = k)
{
P=1TJi;
T[i] = T[i] Pnext;
delete P;
/

else
{
P=TJi];
Cell* Q = P 2next;
while (Q != NULL)
if (Q 2data.key = = k)
{
P next = Q Anext;
delete Q;
O =NULL,
/
else
{
P = 0
0 = Q~2next;

/

Uu diém 16n nhat ciia bang bam day chuyén 13, phép toan Insert luén ludn duogc thuc
hién, chi trir khi bo nhé dé cap phat dong da can kiét. Ngoai ra, cac phép toan tim
kiém, xen, loai, trén bang bam day chuyén ciing rat don gian. _Tuy nhién, phuong phap
nay tiéu tén bo nhé gianh cho cac con trd trong cac diy chuyén.

68



VI. Hi€u qua cia cac phwong phap bam

Trong myc nay, ching ta s€ phén tich thoi gian thyc hién cac phép toan tur dién (tim
kiém, xen, loai) khi sur dung phuong phap bam. Trong truong hop xau nhat, khi ma
ham bam bam tat ca céc gia tri khod vao cung mot chi s6 mang dé tim kiém chang
han, chung ta can xem xét ting dir liéu giéng nhu tim kiém tuan tw, vi vay thoi gian
cac phép toan doi hoi 1a O(N), trong d6 N 1a s6 dit liéu.

Sau day chung ta s& danh gia thoi gian trung binh cho cac phép toan tir dién. Panh gia
ndy dya trén gid thiét ham bdm phan phoi déu céc khod vao céc vi tri trong bang bam
(uniform hashing). Chung ta s€ sir dung mot tham sd a, duge goi 1a mirc d6 day (load
factor). Mirc do dy o 1a ty s giita s6 dir liéu hién c6 trong bang bam va cd cua bang,
tuc la:

N
 SIZE

trong d0, N 1a s6 dit liéu trong bang. RS rang 13, khi @ ting thi kha ning xay ra va
cham s& tang, diéu nay kéo theo thoi gian tim kiém s& tang. Nhu vay hiéu qua cua cac
pheép toan phu thugc vao mirc do day o .Khicd mang c6 dinh, hiéu qua s¢€ giam néu
sO dir li¢u N tang 1én. Vi vay, trong thyc hanh thiét ké bang bam, chung ta can danh
gia s6 ti da cac dir liéu can luu dé lya chon ¢& SIZE sao cho « dii nhd. Murc d6 day
a khong nén vuot qua 2/3.

Thoi gian tim kiém cling phu thudc sy tim kiém 1a thanh cong hay thét bai. Tim kiém
that bai doi hoi nhidu thoi gian hon tim kiém thanh cong, chang han trong bang bam
day chuyén chiing ta phai xem xét toan bd mot day chuyén méi biét khong co dir lidu
trong bang.

D.E. Knuth (trong The art of computer programming, vol3) da phan tich va dua ra céc
cong thirc danh gia hiéu qua cho timg phuong phap giai quyét va cham nhu sau.

Thoi gian tim kiém trung binh trén bang bam dia chi mé& sir dung tham do tuyén tinh.
S6 trung binh cac 1an tham do cho tim kiém xap xi 1a:

(e
, e
Tim kiém thanh cong 2\ 1-@

1 5ey)
Tim kiém thét bai 2\ (1-@)
Trong d6 o 1a mirc do day va o < 1.
Vi du. Néu c& bang bam SIZE = 811, bang chira N = 649 dir liéu, thi muc do day 1a

_ 649

= 80% 5 p

811 Khi d6, dé tim ki€ém thanh cong mét dir li¢u, trung binh chi doi1 hoi xem

x€t 3 vi tri mang, vi

l[HLJzl I+L)=3
2 l-a/ 2 1-038
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Thoi gian tim kiém trung binh trén bang bam dia chi m¢6 sir dung tham do binh
phuong (hodc bam kép). SO trung binh cac lan tham do cho tim kiém dugc danh gia la
~In(l-a)
Tim kiém thanh cong a
1
Tim kiém that bai 1-«
Phuong phap tham do nay doi hoi s6 1an tham do it hon phuong phap tham do tuyén

tinh. Chang han, gia sir bang day ti 80%, dé tim kiém thanh cong trung binh chi doi
hoi xem xét 2 vi tri mang,

—In(l-a) -In(1-08) 16
a 0.8 0.8 8
Thot gian tim kiém trung binh trén bang bam day chuyén. Trong bang bam day
chuyén, dé xen vao mot dir liéu mai, ta chi can dat dir 1iéu vao dau mét day chuyén
duoc dinh vi bdi ham bam. Do do, thoi gian xen vao 1a O(1).

Dé tim kiém (hay loai bo) mot dir liéu, ta can xem xét cac té bao trong mot day
chuyén. Duong nhién la day chuyén cang ngan thi tim kiém cang nhanh. D¢ dai trung
N

) ——=a, . ., o
binh ciia mot day chuyén la SIZE (voi gia thiet ham bam phan phoi déu).

Khi tim kiém thanh cong, chung ta can biét day chuyén co6 rong khong, roi can xem
x¢ét trung binh 1a mdt nira day chuyén. Do do, so0 trung binh cac vi tri can xem xét khi
o

( 1
tim kiém thanh cong la 2

Néu tim kiém that bai, c6 nghia 1a ta dd xem xeét tat ca cac té bao trong mot day
chuyén nhung khong thay dir liéu can tim, do d6 s6 trung binh céc vi tri can xem xét
khi tim kiém that bai 1a « .
Tom lai, hiu quéa cta phép toan tim kiém trén bang bam day chuyén la:
1
» . R 1+ —
Tim ki€m thanh cong  «

Tim kiém that bai «
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Mic d6 diy Bang bim dia Bang bim dia Béang bim
o chi m¢ véi tham chi mo voi thaim  day

do tuyén tinh do binh phuong  chuyén

0,5 1,50 1,39 1,25
0,6 1,75 1,53 1,30
0,7 2,17 1,72 1,35
0.8 3,00 2,01 1,40
0,9 5,50 2,56 1,45
1,0 1,50
2,0 2,00
3.0 3,00

Hinh I11.6. S6 trung binh céc vi tri can xem xét trong tim kiém thanh cong.

Céc con sb trong bang & Hinh I11.6, va thyc tién cling chung to rang, phuong phap
bam la phuong phap rat hi¢u qua dé cai dat tr dién.

Bai tap
1. Hay cai dat ham bam stir dung phuong phap nhan muc I1.2.
2. Hay cai dit ham tham do su dung phuong phap bam kép.

3. Giasu C(N)” ciia bang bam 1a SIZE = s va d, da, ..., ds; 12 hoan vi ngau nhién
cuacacso 1,2, ..., s-1. Day tham do tng véi khod k dugc xac dinh nhu sau:
ip=1=h(k)

in=0+d) %SIZE,1 < m< s-1
Hay cai dat ham tham do theo phuong phap trén.

4. Cho c¢ bang bam SIZE = 11. Tur bang bam rong, st dung ham bam chia
lay du, haydua lan lugt cac dir li¢u véi khoa:

32,15,25,44,36,21
vao bang bam va dua ra bang bam két qua trong cac truong hop sau:
b. Bang bam dugc chi mé voi tham do tuyén tinh.
c. Bang bam dugc chi mé véi tham do binh phuong.
d. Bang bam day chuyén.
5. Tu cac bang bam két qua trong bai tap 4, hiy loai bo dir liéu voi khod 13 44
roi sau d6 xen vao dir li€u véi khoa la 65.
6. Bang bam chi cho phép thuc hién hi¢u qua cac phép toan tap dong nao?
Khong thich hgp cho cac phép toan tdp dong nao? Hay giai thich tai sao?



7. Gia sir khoa tim kiém 1a tir tiéng Anh. Hay dua ra it nhat 3 cach thiét ké
ham bam. Binh luan vé cac cach thiét ké do6 theo cac ti€u chuan ham bam
tot.

72



Chuong IV
Mot s6 phwong phap thiét ké thuat giai
co ban

Muc tiéu

Sau khi hoc xong chuong nay, sinh vién nim dugc mot s6 phuong phap thiét ké gia
thuat co ban, cai dat va van dung dé giai mot so bai toan thuc té.

Kién thirc co ban cén thiét
Pé hoc tot chuong nay sinh vién can phai nim vitng k¥ nang 1ap trinh co ban nhu:
- Céc cau trac diéu khién, 1énh vong lap.
- Léap trinh ham, thu tuc, cach goi ham.
- Lap trinh d¢ qui va goi d¢ qui.
Noi dung

Trong chuong nay chung ta s& nghién ctru mot s phuong phap thiét ké giai thuat co
ban nhu sau:

- Phuong phéap chia dé tri
- Phuong phap quay lui
- Phuong phép tham lam
I. Phwong phap chia dé tri
1. Mé diu
Y twéng:
C6 1& quan trong va ap dung rong rai nht 13 ki thuat chia dé tri. N6 phan ra bai toan
kich thuéc n thanh céc bai toan nho hon ma viée tim 101 gidi cua chiing 1a cuing mét
cach. Loi giai cua bai toan 16n dugc xay dung tir 101 giai cua cac bai toan con nay.
Taco thé noi vin tit ¥ tuong chinh cua phuong phap nay 1a: chia dir liéu thanh timg
mién nho, giai bai toan trén cac mién da chia rdi tong hop két qua lai.
Mo hinh
Néu goi D&C(R) v6i R 1a mien dif ligu 1a ham thé hién cach giai bai toan theo
phuong phap chia dé tri thi ta c6 thé viét:
Void D&C(R)

{
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If(R i nho)

Giai bai toan

Else
{
Chia R thanh R, .., R,
For(j=1; j<=m, j++)
D&C(R));
Tong hop két qua;
/

/
Sau day 1a mot s6 vi du minh hoa cho phuong phép chia dé tri
2. Tim kiém nhi phin
Phat biéu bai toan
Cho mang n phan tr dé dugce sap xép tang dan va mot phan tor x. Tim x c6 trong mang
hay khong? Néu c6 tra vé két qua 1a 1, nguoc lai tra vé két qua 13 0.

Y tudéng

Chia d6i mang, mdi 1an so sanh phan tir gifta v6i x, néu phan tir giita nhé hon x thi tim
X & ntra bén phai, nguoc lai thi tim x ¢ ntra bén phai.

Mo ta thuit toan
Input: afl..n]
Output:
1: néu x thuéc a
0: néu x khéong thuéc a
Mo ta:
TKNP(a, x, dau, cudi)=
If(dau > cuoi)
Return 0;
Else
{
gitta = (dau + cuoi)/2;
If(x == a/giira])
Return 1;
Else if(x > afgitta])

74



3.

TKNP(a, x, giita +1, cuéz);
Else TKNP(a, x, dau, gita-1);
/
Do phurc tap cia thuit toan
Truong hop t6t nhét: Gng véi truong hop tim thay x trong 1an so sanh dau tién. Ta co:
Tig (n) = O(1)
Trudong hop x4u nhat: do phuc tap la O(Ign). That vy, néu goi T(n) 1 d6 phtrc tap cua
thudt toan, thi sau khi kiém tra di€u kién (x == a[gitta]) khong thoa va goi d¢ quy thuét
todn nay voi dir liéu giam di mot nira, thda man cong thuc truy hoi:
T(n) = 1+T(n/2); n>=2 va T[1]=0.
Bai toan Min-Max
Phat biéu bai toan
Tim min-max trong doan a[l..r] cia mang a[1..n]
Y twéng
Tai mdi budc chia doi doan can tim rdi tim min, max cua ting doan, sau d6 tong hop
két qua lai.
Néu doan chia chi c6 mot phan tir thi min = max va bang phan tir do.
Vi du minh hoa:

J 1 2 3 4 5 6 7 8

a[j] |10 |1 5 0 9 3 15 |19

Tim gia tri min, max trong doan a[2..7].
Ki hiéu:
MinMax(a,l,r,Min, Max) cho Min, Max trong doan a[l..r].
MinMax(a,2,7,Min,Max) cho Min=0, Max=15 trong doan a[2..7]
Mo ta thuat toan
Input: afl..v] (I<=r)
Output:
Min = min(afl] ...a[r])
Max = max(afl]..a[r])
Mo ta:
MinMax(a,l,r,Min,Max)
Iftl==r)
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Min = afl];
Max = afl];

Else

MinMax(a,l,(I1+r)/2,Minl,Max1)
MinMax(a,(l+r)/2,r,Min2,Max2)
If(Minl<Min2)
Min = Minl;
Else Min = Min2;
If(Max1<Max2)
Max = Max2;
Else Max = Max1;
/
D0 phirc tap thuat toan
Goi T(n) 12 sb phép so sanh can thyc hién. Khi d6 ta cé:

T(n/2)+T(n/2)+2;n>2

T(n) =<Ln=2
On=1
Véin =2, thi:
k-1 .
T(n) =2 +2T(n/2) = 2+ 2° + 2°T(n/2*) = ... = 2°'T(2)+ > 2'=

i=l

ikl =kl okl 5 _3pp 2.

=
i1
Vay T(n) € O(n).
4. Thuat toan QuickSort
Phat biéu bai to4n
Sép xép mot mang khong cé thtr ty thanh mot mang co6 thur ty xac dinh,chéng han tang
hodc giam.
Y tuéng
Chon ngiu nhién mét phan tir x.
Duyét déy tir bén trai (theo chi s6 1) trong khi a; < x.

76



Duyét ddy tir bén phai (theo chi sd j) trong khi aj > X.

Déi chd a[i] va a[j] néu hai phia chua vuot qua nhau, .. tiép tuc qua trinh duyét va d6i

chd nhu trén trong khi hai phia con chua vuot qua nhau (tirc 1a i<=j).

Két qua phan hoach ddy thanh 3 phan:
a, <=x voi k = 1.,j (ddy con thap);
a, >=X vO1 m = 1..n (day con cao);

ap=x voih=j+1.1-1.

Vi vay phuong phap nay con goi 1a sap xép phan hoach

ag X dm

L 1 I

Tiép tuc phan hoach cho phan trai va phan phai cho dén khi cac phan hoach chi con lai

mot phan tir 1 sap xép xong.
MO ta thuat toan:

Input: afl..r]

Output: afl..r] khong giam

QuickSort(a,l,r)
{
i=l;
j=
x= a[(1+r)/2] ;//chon phdn ti giita
do
{
While(a[i]<x) i++;
While(a[j]>x)j--;
If(i<=j)
{
Doi cho afi] va afj];
i+t
=
/

Jwhile(i<=j)

If(I<=j) QuickSort(a,lj);
If(i<=r) QuickSort(a,i,r),
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/
D¢ phire tap thuat giai

Diéu tot nhit co thé xay ra trong QuickSort m01 giai doan phan hoach chia mang thanh
hai nira. Diéu nay khién cho s6 lan so sanh can thiét ciia QuickSort thoa min cong
thirc sau day:

T,=2T,, +n=nlgn.

2T,»: phi ton sap xép 2 mang con.

n: phi t6n kiém tra mdi phan tir
Trudng hop x4u nhat ing cho viéc chon phan tir x lai ¢6 gia tri 10n nhat hodc nho nhét
trong dady. Gid stir phan tur 16n nhat dugc chon (x), khi d6 moi budce chia s€ chia n phan
tu thanh n-1 phan tir trdi va 1 phan tr phai. Ket qua can tdi n phép chia (thay cho nlgn)
va nhu thé d6 phirc tap s& 1a T(n) = O(n?).
Trong trudng hop ndy diy da c6 thir tw thuan hay nguogc, phan tir 16n nhat dugc chon
s€ ndm & cac bién (trdi hodc phai), nén thuat toan khong cé hiéu qua.
Truong hop trung binh, cong thirc truy hoi dé tinh s 1an so sanh ma thuat todn can dé
hoan vi ngau nhién n phan tir 1a:

T(n) =(n+1)+ — z (Tir + Taa; voI n>=2; Co = C, = 1;
I<=k<=n
Gia tri n+1 bao ham chi phi so sanh phan tir phan hoach v&i mdi phén tir con lai, tong
con lai mang ¥ nghia 1a moi phan tir k c6 thé 1a phan tr phan hoach véi xac suat 1/k va
sau do6 con lai cac mang con c6 kich thudce k-1 va n-k.

n

T,= n+1+32 Ty

n =1

Thuec hién lién tiép cac phép toan sau cho ca hai vé: nhan n va trir cho (n-1)C,.;:

n

—(-D)Tpy =n(n-1)+ 23 Ty, - (n-1)T,,

k=1

n n—1

=n@t)+ 2 T - @D+ -2 5 Tl

k=1 n—1:3
n n—1
=n(n+l) —n(n-1)+2 > T -2> Ty
k=1 k=1
Ta duogc: nT,, — (n-1)T,.; = n(n+1) —n(n-1)+ 2T,
Suy ra: nT, = (n+1)T,.; + 2n

Nhan ca hai vé cho n(n+1):
T/ (n+1) =Ty 1/n+2/(n+1) = Ty p/(n-1)+ 2/n + 2/(n+1)
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=2/(n+1) +2/n+...2/4+2/3+T/2=1/2+ 2 Z_l
imk+

n+l

=12+ 22_

n+l

T/(n+1) = 2 Z— zzjldx = 2ln(n)

k= 3

Nhu vay do phuec tap trung binh 1a O(nlnn)

I1. Phuong phap quay lui

1.

Mé dau

Y twéng

Nét dic trung cua phuong phap quay lui 1a cac bude hudng toi 1o giai cudi cing cua
bai toan déu duoc lam thur.

Ta_}i mdi bude néu cd m(f)t’h_ra chon duoc chép nhan thi ghi nhan lai lga chon nay va
tién hanh céac budc thir tiép theo. Con nguoc lai khéng co su lya chon nao thich hop
thi 1am lai budc trudce, xda bo ghi nhan va quay vé chu trinh thir cac lya chon con lai.
Hanh dong nay dugc goi 13 quay lui, thuat toan thé hién phuong phap nay goi 13 quay
lui.

Diém quan trong cua thudt toan la phai ghi nh¢ lai mdi bude di qua dé tranh trung lap

khi quay lui. D& thay 1a cac thong tin nay can duoc luu trit vio mot ngin xép, nén
thuat toan thé hién mot cach dé quy.

Mo hinh
Loi giai ciia bai toan thudng dugc biéu dién bang mot vector gdm n thanh phan x= (x,
..X,) phai thoa cac diéu kién nao do6. Dé chi ra 161 gii x ta phai xay dung cac thanh
phan 101 giai x;.
Tai mbi budc i:

Pi xay dung xong cac thanh phan x,..x;.;.

X4y dung thanh phan x; bang cach 1an luot thir cac kha ning ma x; c6 thé chon:

- Néu mot kha ning j nao d6 phu hop véi x; thi x4c dinh x; theo kha ning
j. Thudng phai c6 thém thao tac ghi nhan trang thai méi cia bai toan dé
hd trg cho budc quay lui. Néu i = n thi ta c6 dugc mot 10i giai, nguoc lai
thi tién hanh budc i+1 dé xac dinh ;.

- Néu khong c6 mot kha nang nao chép nhan duoc cho x; thi ta lui lai
budc trude (budce i-1) dé€ xéac dinh lai thanh phan x;.;.

Pé don gian ta c6 thé gia dinh cac kha ning chon lira cho céc x; tai mdi bude 1 nhu
nhau, do d6 ta phai c6 thém thao tac ki€m tra kha nang j nao chap nhan duogc cho x;.
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M6 hinh cua phuong phap quay lui c¢6 thé viét bang thi tuc nhu sau, véi n 1a s6 budc
can phai thyc hién, k 1a s6 kha ning ma x; ¢ thé chon lya

Try(i)=
For(j=1-2>k)
If{x; chdp nhdn dwoc kha néing j)
{
Xdc dinh x; theo kha nang j;
Ghi nhan trang thai moi;
If(i<n)
Try(i+1);
Else
Ghi nhan nghiém,
Tra lai trang thai cii cho bai toan,
/

2. Bai toan liét ké day nhi phan do dain
Phit bicu bai toan
Liét ké day co chiéu dai n dudi dang x4,X,,..,X, trong do x; thudc {0,1}
Thiét ké thuit ton

Ta c6 thé st dung so do tim tat ca 10i giai cta bai toan. Ham Try(i) xac dinh x;, trong
d6 x; chi c6 mot trong hai gia tri 0 hodc 1. Ham Try(i) c6 thé viét nhu sau:

Try(i)
{
For(j=0; j<=1; j++)
{
x[i] =J;
if(i<n)
Try(i+1);
Else Xudt x.
/

/
3. Bai toan liét ké cac hoan vi
Phat biéu bai toan

Li¢t ké cac hoan vi ciia n s6 nguyén duong dau tién
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Thiét ké thuit toan

Ta biéu dién cac hoan vi du:oi dang a;,..,ay; a; € {1,..,n}, a; # a neu1 =] .Vobi
moi i, a; chdp nhén gia tri j néu j chua duoc sir dung va vi vy ta can ghi nh¢ j di duoc
sir dung hay chua khi quay lui. Dé lam diéu nay ta sir dung mét day cac bién logic b;
vO1 quy udc:

1; Néu j chua st dung

0; Néu j da str dung
Sau khi gan j cho a;, ta cAn ghi nhd b; (b; = 0) va phai tré lai trang thai cti cho b; (bj=1)
khi thyc hién viéc in xong mot hoan vi.
Ta can chu ¥ rang diy cac bién b; s€ duoc khoi dong bang 1.

Thuat toan

Try(i)
{
For(j=1; j<=n; j++)
{
If(o[j])
{
afi] =J;
blj] = 0;
if(i<n)
Try(i+1);
Else Xudt;
blj] = 1;
/

/
4. Bai toan duyét dd thi theo chiéu sau (DFS)
Phat biéu bai toan
G = (V,U) 1a don db thi (c6 huéng hodc vo huéng). V: tap cac dinh cua dd thi, U 1a

tap cac cung ciia do thi. Véi s, t 1a hai dinh cua d6 thi, tim tat ca cac dudng di tir s dén
t.

Y twéng
Thuét toan DFS tién hanh tim kiém trong dd thi theo chiéu sau. Thuét toan thuc hién
viéc tham tat ca cac dinh co6 thé dat duoc cho téi dinh t tir dinh s cho trudc. Pinh dugc
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tham cang mudn s€ cang som dugc duyét xong (co ché vao sau ra trudc). Nén thuat

toan c6 thé to chirc bang mot thi tuc dé quy quay lui.

M6 ta thuat toan

Input: G = (V,U), s,t

Output: Tdt ca cdc dwong di tir s dén t.(néu c6)

DFS(int s)
{
For(u=1; u<=n; u++)
If(chcfp nhan dwoc)
{
Ghi nhan no;
Iftu!=1)
DFS(u);
Else Xudt dwong di
Bo viéc ghi nhan,
/
/
Vi du: Cho d6 thi ¢6 hudéng v6i ma trén ké sau:
7
0 0 0 1 0 1 1
0 0 1 1 0 0 0
0 1 0 1 0 1 0
1 0 1 0 0 0 0
0 0 0 0 1 1 0
I 0 0 0 1 0 0
1 0 0 1 0 0 0
Két qua:
s=1, t=4 s=2,t=5
1>4 22324212625
12724 2232625
224212625
224232625
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II1. Phuwong phap tham lam

1. Mé diu
Y twéng
Phuong phap tham lam 13 ki thuat thiét ké thuong dugc ding dé giai cc bai toan t0i
uu. Phuong phap dugc tién hanh trong nhi€u budc. Tai moi bude, theo mot chon lya

tuong tmg. Lo1 gidi cta bai toan dugce bo sung dan tirng budc tir 161 gidi cua céc bai
toan con.

Céc lo1 giai bﬁng phuong phap tham lam thuong chi la chap nhan dugc theo diéu kién
nao do, chua chac da to1 uu.

Cho trudc mot tap A gém n d6i tuong, ta can phai chon ra mdt tdp con S cua A. Véi
mot tap con S duogc chon ra théa man yéu cau ctia bai toan, ta goi la mot nghiém chép
nhan duoc. Mot ham muc tiéu gan modi nghiém Chép nhan dugc voi mot gia tri.
Nghiém t6i vu 1a nghiém chép nhan dugc ma tai d6 ham muc tiéu dat gia tri nhé nhét
(16n nhat).

Pic trung tham lam ctia phuong phép thé hién boi: trong mdi bude viée xir 1y s& tudn
theo mot sy chon lya trudc, khong ké dén tinh trang khong tot co thé xdy ra.

M6 hinh
Chon S tu tap A.
Tinh chét tham lam cta thuat toan dugc dinh hudng béi ham chon
Khéi dong: S = rong
Trong khi A khéc rong
Chon phan tr t5i wu nhat ctia A gan vao x : x = chon(A);
Cap nhat cac ddi twong dé chon: A = A-{x};
Néu Su {x} théa mén yéu cau ctia bai toan thi cip nhat 10i giai: S = Su {x};
Thu tuc tham lam
Input: A[1..n]
Output: loi giai S

Greedy(A4,n)
{
S = Rong;
While(A + Rong)
{
A = A-{x};
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If(SU {x} chdp nhdn duoc)
S=85u{x};
/
Return S;
/
2. Bai toan nguoi du lich
Phit biéu bai toan
Mot ngudi du lich mubn tham quan n thanh phd Ty, .., T,. Xut phat tir mot thanh ph

nao d6 va di qua tit ca cac thanh phd con lai, mdi thanh phd qua ding mot 1an va quay
ve€ thanh pho xuat phat.

Goi C;; 1a chi phi chi tir thanh pho T; dén thanh phd T;. Hay tim mot hanh trinh thoa
yéu cau bai toan vdi chi phi nhd nhat.

Y twéng

Pay 13 bai toan tim chu trinh ¢6 trong s nho nhat trong mot do thi don c6 huéng 6
trong soO.

Thuét todn tham lam cho bai toan 1a chon thanh phd c6 chi phi nho nhét tinh tir thanh
pho hién thoi dén céc thanh pho chua di qua.

Mo ta thuat toan
Input: C = Cj
Output: TOUR //Hanh trinh t6i wu
COST //Chi phi twong ung

TOUR = 0;
COST=0;v=u,
Vk=1 2n

Chon <v,w> la doan néi hai thanh phé c6 chi phi nhé nhdt tinh tir thanh phé v dén
cdc thanh phoé chua qua.

TOUR = TOUR + <v,w>;
COST = COST + C,,,
Hoan thanh chuyén di
TOUR = TOUR + <v,u>;
COST = COST + C,,

Do phirc tap thuat toan
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Thao tac chon dinh thich hop trong n dinh duoc t6 Chl"IC bang mot vong lap dé duyét,
nén chi phi cho thuat toan x4c dinh boi hai vong 13p 16ng nhau, nén d¢ phuc tap T(n)
cO(n).

Cai diit

int GTS(matra a, int n, int Tour[max], int Ddau)

{

intv, k, w;

int min;

int cost;

int daxet[max];
for (intk=1; k<=n, k++)
daxet[k] = 0;

cost = 0;

inti;

v = Ddau;
inti =1;
Tour[i] =v;
daxet[v] = 1;
while (i < n)

{

min = VC;
for (intk=1; k<=n, k++)

{

if(daxet[k])
if (min > a[v][k])
{

min = a[v][k];

w=k;

i++;
Tour[i] =v;
daxet/v] = 1;
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cost = cost + min;

/
cost = cost + a[v][Ddau],
return cost,
/
3. Thuat toan Prim - Tim ciy bao trum nhé nhat
(trinh bay trong chuong D6 thi)
4. Bai toan chiéc tui sich

Phat biéu bai toan

Co n vat, mdi vat i, ie[1..n] duoc dic trung béi trong lugng wi(kg) va gia tri sir dung

vi. C6 mdt chiée tai xach c6 kha nang mang m kg. Gia st w;, v;, me N*, Vie[l.n].
Hay chon vat xép vao tai sao cho tii sach thu dugce gia tri st dung 16n nhat.
Céc trong luong ctia n vat co thé biéu dién boi mang:
w = (W1,W2,..,Vp)
Va gid tri st dung tugng trng vi cac vat:
v =(V1,V2,...,Vp)

Céc vat dugc chon dugc luu trit vao mot mang ¢ voi1 quy udc: £[i] =1 tac 1a vat 1
duoc chon.

Bai toan tré thanh:
n

z £V, — max

i=1

n
zgivi <m
i=1

g e{01}Vi=1n

Thiét ké thuit toan
Thuat toan tham lam cho bai todn chon vat c¢6 gia tri giam dan (theo don gid).
Input:

w = (W;,w,..,w,); //Mang trong luwong cdc vat

v =(v,Vy...,W,), //Mang gia tri cdac vat

m: suc chua cua ba 16

Output:
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e[l..n]; //mang danh déu céc vat dwoc chon
Ve gid tri lon nhat

Mo ta

Knap Greedy(w,v,Chon,n,m)

{
Khéi dong bfi] =i, Vi=1,n; //Luu trit chi s6 lam cho mdng giam dan
Khoi dong Chon[i] =0, Vi= Ln ;//Mang danh déu vit dwge chon
Khoi dong V=0,
Tinh don gid: d; = 2, Yi=1,n
For(i=1; i<=n && m>0; i++)
{
j =max(d,n,i); //d[j] = Max{d[i],...,d[n]};
b[i] <b[j]
iftm>w/[b[i]])
{
Vinaxt=v[b[i]];
Chon/[b[i]] = 1,
M-=w[b[i]];
/
dfi] d[j]
/
Return V,,,,,
/

Do phirc tap thuat toan

Thuat toan chon max dugc st dung chinh la thuat toan chon truc tiép, nén do phuc tap
ctia thut toan trong cac truong hop 1a O(n?).

Bai tap

1. Cai dat cac thuat toan trinh bay trong gido trinh

2. Nhan céc s6 16n
K¥ thuat chia dé tri nhan 2 s6 nguyén duong x, y du6i dang chudi:
Nhan(x, y)
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If(I(x) va 1(y) <=4) // chiéu dai nho hon 4
Nhan hai s6 nguyén kiéu long
Else
Gid su I(x) = l(y) =n;
Tach thanh x hai chudi con: a(ntra trai), b(nira phai)
Téch thanh y hai chudi con: c(nira trai), d(nira phai)
Kq = Nhan(a,c)*10" + Nhan(a,d)*10™ + Nhan(b,c)*10"* + Nhan(b,d)
. Sap tang dan mot ddy x cac sO bang thuat toan tron ty nhién:
Trong khi (s6 duong chay cta x >1)
Tach luan phién duong chay cia x vao hay day trung gian x;,X;.
Tron tung cap dudng chay cia x1, x2, luu vao x

. Gia st 6 khoa c6 n cong tac. MO1 cong tdc & mdt trong hai trang thai dong hodac mé.
Khoa dugc mo néu c6 it nhat n/2 cong tac & trang thai mé. Liét ké tat ca cac cach mo
khoa

. Mot ngudi mudn tham quan qua n thanh phé T1, ..., Tn. Xuat phat tor mot thanh phd
nao do, nguoi du lich muén di qua tat ca cac thanh pho con lai, mdi thanh phé di qua
dung mot 1an rdi quay lai thanh phd xudt phat.

Goi Cij 1a chi phi di tir thanh pho Ti dén thanh phd Tj.
- Liét ké tit ca cac hanh trinh ma nguoi d6 c6 thé di va kém theo chi phi twong
ung.
- Chi ra hanh trinh di tir thanh phé tir Ti dén thanh phd Tj thoa yéu cau bai toan
(néu co) sao cho chi phi thap nhat.

. Cho mdt ludi hinh vuéng cap n, moi 6 dugce gdn véi mot s6 tu nhién. Tai mot 6 c6 thé
di chuyén dén 6 khac theo hudng 1én trén, xudng dudi, qua trai, qua phai.

Tim dudng di tir 6 dau tién (1,1) dén 6 (m, m) sao cho tong cac 6 di qua 13 nho nhat.
(1<=m <=n)

. bai toan dbi tién xu.
C6 mot déng xu gia tri 1a n. Hay ddi thanh cac d@)ng xu c6 gid tri 1 xu, 5 xu, 10 xu, 20
Xu, 25 xu sao cho tong s6 dong xu la it nhat.
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