Chuong 7 — Tim kiém

Chuong 7 - TIM KIEM

Chuong nay gi6i thiéu bai todn tim kiém mot phan ti trong mot danh séch.
Phan trinh bay tap trung chil yéu vao hai gidi thuat: tim kiém tuan tu va tim
kiém nhi phan.

7.1. Giédi thiéu
7.1.1.Khéa

Trong bai todn tim kiém, dua vio mot phan thong tin dude goi 1a khoa (key),
ching ta phai tim mot mau tin (record) chia cdc thong tin khac lién quan véi
kho4 nay. Cé thé c6 nhiéu mau tin hosc khong c¢6 mau tin nao chia khod can tim.

Hinh 7.1. Mau tin va kho4.
7.1.2.Phan tich

Tim kiém thong thuong 1a tdc vu tén nhiéu thoi gian trong mot chuong trinh.
Vi thé viéc t6 chdc cdu tric dir liéu va gidi thuat cho viéc tim kiém c6 thé cé
nhitng anh huéng 16n dén hiéu sudt hoat dong ciia chuong trinh. 3 day, thong so
do chut yéu 14 s 1an so sdnh khod can tim véi cdc mau tin khéc.
7.1.3.Tim kiém noéi va tim ki€ém ngoai

Bai to4an tim kiém bao gom hai nhém: tim kiém noi va tim ki€m ngoai. Néu
lugng dit liéu 16n phai luu trén thiét bi luu trit ngoai nhu dia hay bang tir thi bai
toan dugc goi 1a tim kiém ngoai. Nguge lai néu toan bo di liéu duge luu trir trén
bd nhé chinh thi duge goi 1a tim kiém ndi. O day ta quan tdm chd yéu dén tim
kiém noi.

Giai thuat tim kiém trén cic ciu tric lién ké&t hoan toan phu thudc vao cich t6
chic dac trung cta ching. Danh sédch lién két don 1a cdu tric lién két don gidn
nh4t, viéc tim kiém chi c6 thé duyét tuan tu qua tiing phan t& ma thoéi. Péi véi
cdc ciu tric lién két khac, ching ta sé c6 dip tim hiéu cdc chién luge tim kiém
khac nhau khi gap ting cdu tric cu thé, ching han nhu cay nhi phan tim kiém,
cay B-tree, hang uu tién,.. C6 mot cdu tric dit liéu kha dic biét doi véi viée tim
kiém, d6 1a bang bam. Y tuéng co ban va dac biét nhat cia bang bam lam cho né
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khédc véi cac cdu trac dit liéu khac ¢ cho, trong bdng bam khong c6 khai niém
duyét qua cac phan ti truéc khi dén dugc phan ti mong muén. Ching ta cling sé
dugc hoc vé bang bam trong chuong 12.

Chuong nay chi trinh bay nhiing y tuéng co ban va don gidn nhat cha viéc tim
kiém. Trong d6, gid st riang khi can truy xudt mot phan ti bat ky nao d6 ching
ta c6 thé nhay ngay dén vi tri cla né trong danh sach véi thoi gian 1a hang so.
Piéu nay chi c6 thé dat dugc khi cac phan ti& dugc luu trong danh sach lién
tuc. Va nhu vay, trong chuong nay céc giai thuat tim kiém rd rang chi phu thudc
vao s0 lan so sanh khéa, chi khong phu thudc vao thoi gian di chuyén qua céc
phan ti.

Céch hién thuc cia cac phuong thice b6 sung ciing nhu cdc gidi thuat tim kiém
dudi day hoan toan s dung cdc phuong thic c6 sin cua 16p List trong chuong 4.
Ching ta nén c¢6 mot sé6 nhan xét nhu sau. Thit nhat, cdch st dung céc phuong
thic ¢6 sdn cua 16p List khong ngin cdm chiung ta viéc st dung hién thuc danh
sach lién két thay vi danh sach lién tuc. Péi v6i danh séch lién két cAn phai chi
phi trong khi truy xudt phan ti tai vi tri position nao d6 (diéu nay van con
diém khéc nhau gitta hai phuong 4n cia danh sdch lién két c6 hosc khong c6 luu
lai thuoc tinh current_position). Déi v6i danh sach lién tuc, c6 thé truc tiép
truy xuat mot phin ti thong qua mot s6 nguyén chi vi tri cha né, thay vi goi
phuong thic ¢6 sdn retrieve.

7.1.4.L6p Record va 16p Key

Ching ta c6 mot sd quy uéc nhu sau. Cac phan tif trong danh sach dang dugc
tim kiém thod céc tiéu chuin t6i thiéu sau:
e Mbi mau tin c6 mot khod di kem.
e Cac khoa c6 thé duge so sanh v6i nhau bing céc toan ti so sanh.
e Mot m4u tin c6 thé duge chuyén do6i tu dong thanh mot khéa. Do d6 cé thé
so sanh cac miu tin véi nhau hodc so sdnh miu tin véi khod thong qua viéc
viéc chuyén d8i mau tin vé khéa lién quan dén né.

Ching ta s& cai dit cdc chuong trinh tim kiém lam viéc véi cdc d6i tugng
thudc 16p Record thod cac diéu kién trén. Ngoai ra con c6 mot 16p Key (c6 thé
trung véi Record) va mot tdc vu dé chuyén d6i mot Record thanh mot Key. Téac
vu d6 c6 thé dugc cai dit theo mot trong hai cach sau:

e Mot phuong thic cua 16p Record c6 khai bdo 1a operator Key() const;

e Mot constructor cua 16p Key c6 khai bdo 1a Key(const Record&);

Néu Record va Key 1a giong nhau thi khong can tac vu nay.

Gido trinh Cdu tric dit liéu va Gidi thudt 138



Chuong 7 — Tim kiém

Trén 16p Key ching ta can phai dinh nghia cdc phép so sanh ==, I=, <, >,
<=, >= moi cip doi tuong thudc 16p Key. Do moi Record déu cé thé dugc chuyén
d6i thanh Key nho trinh bién dich bing mot trong céc tac vu trén, cdc tdc vu so
sanh Key déu c6 thé dugc st dung dé so sanh hai Record hay so sanh mot
Record véi mot Key.

// Khai bao cho l6p Key

class Key{

public:
// Cac constructor va cac phuong thuc.

private:

// Céc thudc tinh ctaa Key.
}:

// Khai bdo céc tac vu so sanh cho khoa.
bool operator ==(const Key &x, const Key &y);
bool operator > (const Key &x, const Key &y);
bool operator < (const Key &x, const Key &y);
bool operator >=(const Key &x, const Key &y);
bool operator <=(const Key &x, const Key &y);
bool operator !=(const Key &x, const Key &y);

// Khai bao cho 16p Record
class Record{
public:
operator Key(); // Chuyén déi tir Record sang Key.
// Céc constructor va cdc phuong thic ctia Record.
private:
/I Céc thudc tinh cta Record

3

7.1.5. Thoéng soé

Cac ham tim kiém sé& nhan hai tham tri. Tham tri th& nhat 14 danh siach can
tim, tham tri th hai 12 phin ti can tim. Thong s thi hai duge goi 1a dich cta
phép tim kiém. Tri trad vé clia ham cé kiéu 1a ErrorCode cho biét viéc tim kiém
c6 thanh cong hay khong. Néu tim thay thi tham bién position chia vi tri tim
thay phan ti lién quan dén khéa can tim trong danh sach.

7.2. Tim ki€m tuan tu
7.2.1. Giai thuat va ham

Phuong phdp don gidn nhat dé tim kiém 1a xuit phat tirf mot dau cta danh
sach va tim doc theo danh sich cho d&n khi giap dugc phan ti can tim hay dén
khi hét danh sach. Pay 1a gidi thuat dugc st dung trong ham sau.
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ErrorCode sequential_search(const List<Record> &the list,
const Key &target, int &position)
/*
post: Néu c6 phan tif trong danh sach c6 khéa trung véi target, ham tra vé success va
tham bién position chia vi tri cia phan tit duge tim thay trongt danh sach. Ngugc lai
ham tra vé not_present va position khong cé nghia.
*/
i L
int s = the _list.size();
for (position = 0; position < s; position++) {
Record data;
the list.retrieve(position, data);
if (data == target) return success;

}

return not_present;

Vong lap for trong ham nay duyét danh sich cho dén khi gip phan ti cin
tim hodc dén khi hét danh sach. Néu gip phan tif can tim thi gidi thuat két thic
ngay lap tdc va position chia vi tri phan ti tim duge, ngudce lai néu khong tim
thay thi ham tra vé not_present va position chi vi tri khong hop 1é.

7.2_.2_.Phan tich

Sau day chung ta sé danh gia khoi luong cong viéc ma gidi thuat tim kiém
tuan tu thuc hién dé lam co sé so sanh v6i cac phuong phéap khac sau nay.

Gia st gidi thuat tim kiém tuan tu dugc thuc thi trén mot danh sach dai. Céc
lénh ngoai vong for dugc thuc hién mot 1an, do d6 khong dnh huéng nhiéu dén
thoi gian chay giai thuat. Trong mdi 1an lip, mot khoa cia mot mau tin duge so
sanh véi khoa dich. Ngoai ra con ¢6 mot s6 tac vu khac ciing duge thuc hién mot
lan cho mdi lan lip.

Nhu vay cdc tdc vu ma ta can quan tam cé lién hé truc tiép véi so6 1lan so sanh
kho4d. Nhitng céach lap trinh khac nhau ciia cung mot gidi thuat c6 thé cho ra céc
s6 lugng cong viéc khic nhau nhung déu cho cung mot sd 14n so sanh. Khi chiéu
dai cha danh sich thay d6i thi s6 lugng cong viéc ciing thay d6i theo mot cach
tuong ung.

J day chiung ta sé tim hiéu su phu thudc cia s6 1an so sanh khoa vao do dai
cia danh sich. Pay 1a thong tin hitu ich nhat trong viéc tim hiéu gidi thuat tim
kiém nay, né khong phu thudc vao cich thic lap trinh cu thé ciing nhu loai may
tinh cu thé dang duogc st dung. Viéc phan tich cdc gidi thuat tim kiém dugc dua
trén gia thiét cin ban la: khoi lugng cong viéc ma mot gidi thuat tim kiém thuc
hién (hay thoi gian chay cta giai thuat) dugc phan anh béi tong s6 1lan so sanh
khoa ma giai thuit thuc hién.
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Ching ta hay tim sd 1an so sdanh khoda ma giai thuat tim kiém tuan tu can khi
né chay trén mot danh sach gom n phan ti. Do gidi thuat tim kiém tuan tu lan
luot so sanh kho4 dich véi ting kho4 clia cdc phin ti trong danh sach nén tong
s0 1an so sanh phu thudc vao vi tri cia dich trong danh sach. Néu dich 1a phan ti
diu tién cta danh siach thi chi cAn mot 1an so sanh. Né&u dich 1a phan ti cudi
cung cia danh sach thi can n 14n so sanh. Néu phép tim kiém khong thanh cong
(khong c6 phan tit dich trong danh sach) thi s6 1an so sanh ciing 1a n. Nhu vay,
trong truong hgp tot nhat, gidi thuat tim kiém tuan tu chi can mot 1an so séanh,
con trong trudng hop xau nhat thi né cdn n lan so sanh.

Trong phan 16n cédc truong hop, ching ta khong biét chinh xac dic diém cia
cdc danh sich can tim kiém, do d6 ching ta thuong khong ap dung dugc cac két
qua vé thoi gian chay “t6t nhat” va “xdu nhat” trén kia. Trong cdc truong hop
nay, ching ta thuong st dung thoi gian chay trung binh. J day trung binh c6
nghia 1a ching ta xét mbi kha niang mot 1an va 14y két qua trung binh cia ching.
Tic 1a ching ta gid st cdc truong hop can tim xay ra véi xac sudt nhu nhau. Luu
¥ ring trong thuc t& khong phai lic nao gid thiét nay ciing phu hop.

Ching ta c6 s6 1an so sanh trung binh ciia gidi thuat tim kiém tuan tu (truong
hop thanh cong) nhu sau.

1+2+3+...+n =1(n+1)
n 2

7.3. Tim kiém nhi phan

Giai thuat tim kiém tuan tu c6 thé dugc cai dat dé dang va kha hiéu qui véi
nhitng danh sach ngén nhung v6i nhitng danh sich dai thi gidi thuat chay rat
cham. Véi cdc danh séach dai, c6 nhiéu phuong phap hitu hiéu hon dé gidi quyét
bai toan tim kiém, nhung vé6i diéu kién 1a cdc khod cta danh siach da dugc sap
xé&p sén.

Mot trong nhitng phuong phédp tot nhat dé tim kiém trén mot danh sich ma
cac khoa da dugc sip x€p la tim kiém nhi phan. Trong phuong phap nay,
chiing ta so sanh khoa dich véi khod ctia phan ti & gitia cia danh sdch. Tuy thudc
vao khod dich nim truéc hay sau khod & gitta ma ching ta tiép tuc qud trinh tim
kiém trong nita dau hay nita sau ctia danh sach. Véi cach nay, tai mdi buéc ching
ta gidm kich thu6c cta danh sach cidn tim di mot nia. Mot danh sich chia
khodng mdot triéu phan ti sé dude xi 1y trong khodng hai muoi 1an so sanh.
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7.3.1.Danh sach cé thu tu

Sau day ching ta dinh nghia mét kiéu dit liéu triu tugng cho mot danh sach cé
thd tu.

Dinh nghia: Danh sach cé thi tu (ordered list) 12 danh siach trong d6 mdi phan ti
c6 chita mot khoa sao cho cac khod nay da duge sdp tha tu. Tic 14 néu
phan ti i ding trude phan tij trong danh sach thi kho4 cia i nhé hon
hay bang kho4 cua j.

Dé tim kiém nhi phan, danh sach can phai cé thi tu. Ching ta cai dit danh
sach c6 thi tu 12 mot 16p duge thira k& tir 16p List da c6 va viét lai cdc phuong
thic insert va replace.

class Ordered_list:public List<Record>{
public:
Ordered_list();
ErrorCode insert(const Record &data);
ErrorCode replace(int position, const Record &data);

3

Phuong thiic insert trén chén mot phan ti vao ding vi tri cla né trong danh
sach dua vao thi tu cia cdc khoa. Néu danh sich chia nhiéu kho4 trung véi khoa
clia phan ti dang thém vao thi kho4d méi sé 1a phan ti dau tién trong s6 cac phan
ti c6 khoa trung nhau.

ErrorCode Ordered_list::insert(const Record &data)

/*

post: Néu danh sich chua day, phan tii méi data duge chén vao vi tri ngay sau phan ti 16n
nhat trong s6 cdc phan tif nhé hon né, phuong thic tra vé success, ngugc lai phuong thic
trad vé overflow.

*/

int s = size();

int position;

for (position = 0; position < s; position++) { // Tim vi tri thich hgp.
Record list _data;
retrieve(position, list data);
if (data >= list_data) break;

}

return insert(position, data); // Goi phuong thiic da c6 cta 16p List.

Phuong thiic replace ciing can kiém tra tinh hgp 1& cia phan ti dugc thay
thé& sao cho danh sach van dam bdo thd tu.
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7.3.2.Xay dung giai thuat

Dé dam bio rang gidi thuat dugc xay dung sé cho ra két qua ding dén, ching
ta cAn mod ta ro rang vé y nghia ctia cdc bién st dung trong chuong trinh va céc
diéu kién can phai thod truéc va sau mdi vong liap, dong thoi vong lip cling phai
dugc dam bao ring sé ding ding.

Giai thuat tim kiém nhi phan sé st dung hai chi s6, top va bottom, dé gidi
han phan danh siach ma ching ta dang tién hanh tim kiém. Tai mdi budc, giai
thuat gidm kich thuéc cta phan nay di khodng mot nia. D€ tién theo doi tién
trinh cda gidi thuat, ching ta can x4c nhan mot diéu ring, trudec mdi 1an lap cé
mot diéu kién ludn ding: khoa dich, néu cé trong danh sach, phai luén nim trong
khodng ti bottom dén top, c6 ké ca hai vi tri nay. Piéu kién nay ldc dau dugc bao
dam bang cach dat bottom bang 0 va top la the_list.size()-1.

Tru6c tién , gidi thuat tim vi tri phan ti & gitta bottom va top theo cong thiec

(bottom + top)
mid =

2
Ké& d6 gidi thuat so sanh khoa dich véi khod cia phan ti tai vi tri mid va thay
déi top hodc bottom dua theo két qua ctia phép so sanh nay.

Ching ta luu ¥ rang gidi thuat nén két thic khi top < bottom; tic 1a khi
phan danh sich cin tim con khong qua mot phan ti (gid st ring gidi thuat da
khong chdm dit sém hon truée dé trong trudong hop khod dich da dugc tim thay).

Cudi cung, dé chic chién riang gidi thuat diing, s6 phin ti can tim cha danh
siach (top — bottom + 1) phai gidm sau mdi 1an ldp cta gidi thuat.

7.3.3. Phién ban thi nhat

Céch cai dat don gidn nhat cia gidi thuat 1a cd ti€p tuc chia d6i danh sach,
bat ké khoa dich c6 dugc tim thay hay chua, cho t6i khi danh sach con lai cé
chiéu dai 1a 1.

Ham sau day dugc viét dé qui.

Error_code recursive _binary 1(const Ordered_list &the list, const Key
&target, int bottom, int top, int &position)

/*

pre: Céc chi s6 bottom va top chi ra diy cac phan ti trong danh siach phuc vu cho viéc tim
kiém target.

post: Néu phan tif c6 khéa tring véi target duge tim thay thi trd vé success, position chi
vi tri tim th4dy. Nguogc lai phuong thic trd vé not_present, position khong cé nghia.

uses: recursive_binary_1 va cdc phuong thic cta l6p List va Record.
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*/
{
Record data;
if (bottom < top) { // List c6 nhiéu hon 1 phan ti.
int mid = (bottom + top) / 2;
the_list.retrieve(mnid, data);
if (data < target) // Can loai bé mot niia s6 phan tit bén phai.
return recursive binary 1(the list, target, mid + 1, top, position);
else // Can loai bd mot nia s6 phan tif bén trai.
return recursive _binary 1(the list, target, bottom, mid, position);
else if (top < bottom)
return not_present; // List rong
else { // List c6 chinh x4c 1 phan ti.
position = bottom;
the list.retrieve(bottom, data);
if (data == target) return success;
else return not_present;
}
}

Su phan chia cia danh sach trong qué trinh tim kiém cé thé dugc minh hoa
nhu sau:

< target ? > target

Tbonom topT

Luu y ring trong so do nay phan dau tién chi chia cac phan ti nhé hon kho4
dich con phan cudi c6 thé chia cdc phan ti 16n hon hodc biang khoa dich. Bing
cach nay, khi phan giifta cia danh sach chi con mot phan t& ma lai 14 phan ti
chita khéa dich thi phan ti nay luén 1a phan ti dau tién néu c6 nhiéu phan ti c6
khoa trung véi né trong danh sach.

Néu danh sich 1a réng thi ham trén that bai, ngugc lai né tinh gia tri cha
mid. Vi mid dugc tinh 14 trung binh cta top va bottom nén né nim giiia top va
bottom, va do d6 né la chi s& hop 1é cia modt phan ti cta danh séch.

Biéu thic chia nguyén ludn 1am tron xudng, nén ching ta cé

bottom < mid < top

Sau khi qud trinh dé qui két thic, gidi thuat phai kiém tra xem khoa dich da
dugc tim thdy hay chua vi qué trinh dé qui khong thuc hién phép kiém tra nay.

Dé chuyén ham trén vé dang ham tim kiém chudn ma ching ta dinh ra § trén
ching ta dinh nghia ham sau:
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Error_code run_recursive _binary_1(const Ordered_list &the_list,
const Key &target, int &position)
{

return recursive _binary 1(the list, target, 0, the list.size() - 1,
position);

Vi phép dé qui duoc st dung trong ham trén la dé qui dudi (tail recursion) nén
c6 thé chuyén thanh vong lap mot cich dé dang. Pong thoi ching ta c6 thé lam
cho céc thong s6 cia ham tré nén thong nhat véi cdc ham tim kiém khac.

ErrorCode binary_search_1 (const Ordered_list &the list,
const Key &target, int &position)
/*
post: Néu phan ti c6 khéa trung vé6i target duge tim thay thi trd vé success, position chi vi tri
tim thay. Ngugc lai phuong thic tra vé not_present, position khong cé nghia.
uses: Céac phuong thic caa 16p List va Record.
*/
{

Record data;
int bottom = 0, top = the list.size() - 1;

while (bottom < top) {
int mid = (bottom + top) / 2;
the_list.retrieve(mnid, data);
if (data < target)
bottom = mid + 1;

else
top = mid;
}
if (top < bottom) return not_present;
else {
position = bottom;
the list.retrieve(bottom, data);
if (data == target) return success;
else return not_present;
}

7.3.4.Nhan biét sém phan ti c6 chiwa khéa dich

Tuy binary search_1 12 mot dang don gidn cia gidi thuat tim kiém nhi
phan, nhung né thuc hién thita mot s6 1lan so sanh vi né khong nhan ra truong
hop phan ti khoa dugc tim thay sém hon. Vi thé ching ta c6 thé cai tién gidi
thuat nhu sau.

Error_code recursive_binary 2(const Ordered_list &the list, const Key
&target, int bottom, int top, iInt &position)
/*
pre: Céc chi s6 bottom va top chi ra diy cac phan ti trong danh sach phuc vu cho viéc tim
kiém target.
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post: Néu phan ti c6 khéa trung véi target duge tim thay thi trd vé success, position chi
vi tri tim thdy. Ngugc lai phuong thic trad vé not_present, position khong cé nghia.
uses: recursive_binary 2 va cdc phuong thic caa 16p List va Record.
*/
{
Record data;
ifT (bottom <= top) {
int mid = (bottom + top) / 2;
the_list.retrieve(mnid, data);
if (data == target) {
position = mid;
return success;

}

else if (data < target)
return recursive _binary 2(the list, target, mid + 1, top, position);
else
return recursive binary 2(the_list, target, bottom, mid - 1,
position);
}

else return not_present;

3+

Error_code run_recursive_binary_2(const Ordered_list &the_list,
const Key &target, int &position)
{

return recursive binary 2(the list, target, 0, the list.size() - 1,
position);

Ching ta c6 thé chuyén ham nay thanh dang khong dé qui nhu sau.

Error_code binary_search_2(const Ordered_list &the_ list,
const Key &target, int &position)
/*
post: Néu phan tif c6 khéa trung véi target duge tim thay thi trd vé success, position chi
vi tri tim th4dy. Nguogc lai phuong thic trd vé not_present, position khong cé nghia.
uses: Cdc phuong thic cta 16p List va Record.
*/
{
Record data;
int bottom = 0, top = the list.size() - 1;
while (bottom <= top) {
position = (bottom + top) / 2;
the list.retrieve(position, data);
if (data == target) return success;
if (data < target) bottom = position + 1;
else top = position - 1;
}

return not_present;

Céc hoat dong nay c6 thé dugc minh hoa nhu sau:
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< target ? > target

fbmtom torﬁ

So do nay la doi xing theo nghia phan thd nhat chi chda cac phan ti nhé hon
kho4, phan thi ba chi chia cac phan tir 16n hon khod. Khi d6, néu nhu khoa xuit
hién & nhiéu vi tri trong danh sach thi gidi thuat c6 thé tra vé bat ky vi tri nao
trong s6 d6. Pay ciing 1a nhudc diém cta cach cai tién dé nhan ra sém phan ti
can tim nay, vi trong mot s6 Gng dung, vi tri tuong ddi gitta phan ti dugc tim
thay so v6i cac phan ti c6 khéa trung v6i né rat quan trong.

7.4. Cay so sanh

Cay so sanh (comparison tree) cuia moOt gidi thuat tim kiém, con goi la cay
quyét dinh (decision tree) hay cay tim kiém (search tree), 12 mot cay c6 dugc bing
cach 14n theo vét cdac hanh vi cha gidi thuat. Mdi nat cta cay biéu dién mot phép
so sanh. Tén cda ndat 14 chi s6 cta phan ti c6 khéa dang duge so sanh véi khoéa
dich. C4c nhdnh xudt phat tit mdi nit 12 cac két qua c6 thé cé cia phép so sanh
tai nat dé va duge dat tén tuong dng. Khi gidi thuat két thic ching ta ¢6 mot nat
14. Néu giai thuat that bai thi nat 14 nay duge dit tén 1a F, nguoc lai tén cta nit
12 chi s6 cia phan ti ¢6 khod trung véi khoa dich.

Cay so sanh cho giai thuat tim ki€m tuan tu rat don gian:

Hinh 7.2- Cay so sanh cho tim kiém tuin tu
S6 1an so sdnh ma mot gidi thuat tim kiém thuc hién khi tién hanh mot phép

tim kiém cu thé 1a sé nat trung gian ma giai thuat di qua ké tir géc (nat trén cung
clia cay) dé di dén nut 14 can thiét.
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Chuong 7 — Tim kiém
Hinh dang cuda ciy so sanh cho tim kiém nhi phan:

Giai thuat tim kiém tuin tu can nhiéu phép so sanh hon gidi thuat tim kiém
nhi phan. Ching ta dé& dang nhan thdy diéu nay qua hinh dang céc ciy so sanh
clia ching. Gidi thuat tim kiém tuin tu c6 cay so sanh hep va cao trong khi cay
so sanh cla gidi thuat tim kiém nhi phan rong va thap hon nhiéu. Hinh dang cay
nay gidp ta hiéu dugc tai sao s6 1an so sanh trong phép tim kiém nhi phan 1a it
hon so v6i tim kiém tuan tu.

Hinh 7.3- Cay so sanh cho tim kiém nhi phan.
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