Chuong 10 — Cay nhiéu nhdnh

Chuong 10 - CAY NHIEU NHANH

Chuong nay tiép tuc nghién ciu vé cac cau tric dit lidu cay, tap trung vao céc
cdy ma s6 nhanh tai mdi nat nhiéu hon hai. Ching ta bat dau ti viéc trinh bay
cdc moi noéi trong cay nhi phan. K& tié€p ching ta tim hiéu vé mot 16p cha cay goi
1a trie dugc xem nhu tir dién chda cac tir. Sau d6 ching ta tim hiéu dén cay B-tree
c6 y nghia rat 16n trong viéc truy xuat thong tin trong céc tap tin. Méi phan
trong s6 nay doc lap v6i cac phan con lai. Cudi cung, ching ta d4p dung ¥y tuéng
cia B-tree dé c6 dugec mot 16p khac cia cay nhi phan tim kiém goi 1a cay dé-den
(red-black tree).

10.1. Vuon cay, cay, va cay nhi phan

Nhu ching ta da th4y, cAy nhi phan 14 mot dang cdu truc dit liéu don gian va
hiéu qud. Tuy nhién, v6i modt s6 Ging dung can st dung ciu tric di liéu cdy ma
trong d6 sé con cia mdi nut chua biét truée, ciy nhi phan véi han ché& moi nat chi
c6 t6i da hai con khong ddp Ung dugc. Phan nay lam sang té6 mot diéu ngac nhién
tha vi va hitu ich: cay nhi phan cung cdp mot kha ning biéu dién nhiing cay khac
bao quat hon.

10.1.1. Cac tén goi cho cay

Tru6c khi mé rong vé cac loai cdy, ching ta xét dén cac dinh nghia. Trong
toan hoc, khai niém ciy c6 mot y nghia rong: d6 1a mot tap bat ky cdc diém (goi
l1a dinh), va tap bat ky cdc cip noi hai dinh khédc nhau (goi 14 canh hoidc nhanh)
sao cho ludn c6 mot day lién tuc cac canh (duong di) tir mot dinh bat ky dén mot
dinh b4t ky khéc, va khong c6 chu trinh, nghia 14 khong c6 duong di nao bit dau
tif mot dinh nao d6 lai quay vé chinh né.

Doi véi cédc tng dung trong may tinh, ching ta thuong khong can nghién ciu
cay mot cach téng quat nhu vay, va khi can lam viéc v6i nhiing cay nay, dé nhan
manh, chidng ta thuong goi ching la cac cay tu do (free tree). Cac cdy cua chidng
ta phan 16n ludon c6 mot dinh dic biét, goi 1a gdc clia cdy, va cdc cdy dang nay
chiing ta sé& goi l1a cdc cay c6 goc (rooted tree).

Mot cay c6 goc c6 thé duge vé theo cach thong thudng cta ching ta 1a goc nam
trén, cac nat va nhanh khac quay xudng duéi, véi cdc nat 14 nam duéi cung. Mic
du vay, cdc cay c6 gboc van chua phai 12 tat cd cic dang cAy ma ching ta thuong
dung. Trong mot cay c6 goc, thuong khong phan biét trai hoic phai, hodc khi mot
nat c6 nhiéu nat con, khong thé néi ring nat nao 1a nat con thd nhat, thia hai,
v.v...Néu khong vi mot ly do nao khéc, su thi hanh tuan tu céc 1énh thudng budc
chat mot tha tu 1én cac nat con cia mot niat. Chiang ta dinh nghia mot cay cé tha
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tu (ordered tree) la mot cay c6 goc trong d6 cdc con cua mot nat duge gan cho
mot thi tu.

Luu ¥ rang cédc cay c6 thd tu ma trong dé6 mdi niut c6 khong qud hai con van
chua phdi cung mot 16p véi cAy nhi phan. Néu mot nit trong cdy nhi phan chi cé
mot con, né c6 thé nam bén trai hodc bén phai, lic d6 ta c6 hai cAy nhi phan
khac nhau, nhung ching cung 1a mot cay c6 thua tu.

Nhu mot nhan xét cudi cung lién quan dén cac dinh nghia, ching ta hay luu y
ring cdy 2-tree ma ching ta da nghién ctu khi phan tich cdc gidi thuat ¢ nhiing
chuong truéc 14 mot cay c6 goc (nhung khong nhat thiét phai 1a cay cé thi tu) véi
dac tinh 132 mbi ndat trong cay c6 0 hodc 2 nit con.

Ty O}f%@\{

Froe trees with Ffour or fewer vertices
(Arrangement of vertoes 1s wrelevant)

O ‘% A

Rooted trees with four or fewer vertioes
(Rool s at the top of tree)

TR P A

Ordered trees with four or fewer vertlces

Hinh 10.1 - C4c dang khéc nhau cua cay.

Hinh 10.1 cho th4dy r4t nhiéu dang cay khac nhau véi s6 nit nhé. Mbi 16p cay
ké tir cay dau tién c6 dugc biang cdch két hgp cdc cay tiu cac 16p cé trude theo
nhiéu cich khac nhau. C4c cay nhi phan cé thé cé dugc tir cdc cay cé thd tu tuong
Ung, bing cdch phan biét cdc nhanh trai va phai.
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10.1.2. Cay co thu tu

10.1.2.1. Hién thuc trong may tinh

Néu ching ta mudn st dung mot cay cé thd tu nhu mot cdu trac di liéu, mot
cach hién nhién d€ hién thuc trong b nhé mdy tinh 14 mé rong cdch hién thuc
chuin cia mot cAy nhi phan, véi s6 con tré thanh vién trong mdi nit tuong lng
sO cay con c6 thé cé, thay vi chi c6 hai nhu ddi v6i cAy nhi phan. Chang han,
trong mot cay c6 mot vai nit c6 dén mudi cdy con, ching ta can phai giit dén
mudi con tré thanh vién trong mot nat. Nhung nhu vay sé dan dén viéc cay phai
chiia mot s6 rat 16n céc con tré chia tri NULL. Ching ta c6 thé tinh dugce chinh
xdc con s6 nay. Néu cay c¢6 n niat, moi nat ¢6 k con trdé thanh vién, thi sé c6 tat ca
la n x k con tré. Méi niat ¢6 chinh xéc 12 mot con tré tham chiéu dén né, ngoai trir
nut goc. Nhu vay c¢6 n-1 con tré khac NULL. Ti 1 céc con tré NULL sé la:

nxk)-(n-1) 1

> 1-—
nxk k

Néu mot nut c¢6 thé c6 mudi cay con, thi c6 hon 90% con tré 1a NULL. R rang
14 phuong phap biéu dién cay c6 thd tu nay hao ton rat nhiéu ving nhé. Ly do 1a
vi, trong mbdi nut, ching ta da giit mot danh sach lién tuc cdc con tré dén tat ca
c4c con cda né, va cac danh sach lién tuc nay chia qud nhiéu ving nhé chua dugc
sit dung. Ching ta can tim cach thay thé cic danh séch lién tuc nay béi cdc danh
sach lién két.

10.1.2.2. Hién thuc lién két

D€ ndm céc con ctia mot nit trong mdt danh sach lién két, ching ta cdn hai
loai tham chiéu. Thi nhat 14 tham chiéu tir nat cha d&n niat con dau tién bén trai
cua né, ching ta sé goi 1a First_child. Thd hai, moéi nat, ngoai tri nat goc, sé
xuat hién nhu mot phan ti trong danh sach lién két nay, do d6 né can thém mot
tham chiéu dén nut ké& trong danh sach, nghia la tham chiéu dén nut con ké tiép
cung cha. Tham chiéu thi hai nay duge goi 14 next_sibling. Hién thuc nay dugc
minh hoa trong hinh 10.2.

first_child: black; next_sibling: color

Hinh 10.2 — Hién thuc lién két cta cay c6 thi tu
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10.1.2.3. Su tuong dng ty nhién

Do6i v6i mdi nat cia cay c6 thd tu ching ta dd dinh nghia hai tham chiéu
first_child va next_sibling. Bing cich st dung hai tham chiéu nay ching ta
c6 dugc cAu tric ciia modt cAy nhi phan, nghia 14, hién thuc lién két cia mot cay cé
thi tu 12 mot cay nhi phan lién két. Néu mudn, ching ta c6é thé c6 duge mot hinh
anh dé& nhin hon cho ciay nhi phan bing cach st dung hién thuc lién két cia cay
c6 thi tu va quay theo chiéu kim dong hé mot géc nhd, sao cho cdc tham chiéu
huéng xuéng (First_child) huéng sang trdi, va cdc tham chi€u nim ngang
(next_sibling) huéng sang phdi. P6i v6i hinh 10.2, ching ta c6 duge ciay nhi
phén 6 hinh 10.3.

(]

first_child (left) links: black
next sibling (right) links: color

Hinh 10.3 — Hinh da dugc quay cia hién thuc lién két

10.1.2.4. Su tuong d¥ng ngudgc lai

Gia st nhu ching ta lam nguoc lai cac budc cia qué trinh trén, bit dau tit mot
cay nhi phan va c6 ging khoi phuc lai mot ciy cé thi tu. Diéu quan sat dau tién
ching ta can nhan thay la khong phai moi cdy nhi phan déu c6 thé cé dugc ti
mot cay c6 thd tu béi quéa trinh trén: do tham chiéu next_sibling cia nut goc
clia cay c6 thi tu luon biang NULL nén goc cta cay nhi phan tuong Gng ludn cé cay
con bén phai rong. Pé tim hiéu su tuong Gng nguoc lai ndy mot cach can than,
ching ta can phai xem xét mot 16p cdu tric dit lidu khac qua mot s6 dinh nghia
mdi dudi day.
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10.1.3. Rung va vuon

Trong qué trinh tim hiéu vé cay nhi phan ching ta da c6 kinh nghiém vé céach
st dung dé quy, d6i vé6i cac 16p khac cua cay chung ta ciing sé tiép tuc lam nhu
vay. St dung dé quy c6 nghia 14 thu hep vdn dé thanh vdn dé nhé hon. Do d6
ching ta nén xem thi diéu gi sé x3y ra néu ching ta 1dy mot cay cé goe hoic
mot ciy cé thu tu va cit bé di nat goc. Nhitng phan con lai, néu khong rong, sé
12 mot tap cac cay cé goc hoic mot tap cé thyd tu cac cay cé thyd tu tuong
ung.

Thuat ngit chudn dé goi mot tap triu tuong cac cay d6 1a riung (forest), nhung
khi ching ta dung thuat ngit nay, néi chung ching ta thuong hinh dung d6 la cac
cay c6 goc. Cum ti “rimg c6 thi tu” (ordered forest) doi khi con duge st dung dé
goi tap c6 thu tu cac cay cé thu tu, do d6 ching ta sé& dé clt mot thuat ngit c6
tinh dac ta tuong tu cho 16p cac cay cé tha tu, d6 la thuat ngt vuon (orchard).

Luu ¥ rang ching ta khong chi c6 dugc mot rirng hodc mot vudn nhd vao
cach loai bd di niut goc cia mdt cAy cé goéc hodc mot cay c¢é thid tu, ching ta
con c6 thé tao nén mot cay cé goc hoidc mot cay cé thu tu biang cach bat dau tiu
mot rirng hoic mot vuon, thém mot niat mdéi tai dinh, va néi cdc nhanh tir nat
mdéi ndy dén goc cua tat ca cdc ciy trong ring hoic vuon dé. Cach nay duge minh
hoa trong hinh 10.4.

Adjoin
Delete NEW

B,

Ordered tree Orchard Ordered tree

Hinh 10.4 — Loai bé va thém nut goc.

Ching ta sé st dung qud trinh nay dé dua ra mot dinh nghia dé quy méi cho
cdc cay c6 thd tu va cac vuon. Trude hét, ching ta hdy xem thi nén bit dau nhu
th& nao. Ching ta nhé rang mot cdy nhi phan cé thé rdong. Mot rimg hay mot
vuon cling ¢6 thé rong. Tuy nhién mot cay c6 goc hay mot cay cé thi tu khong thé
14 cay réng, vi né phai chia it nhat 1a mot nat goc. Néu ching ta muén bat dau
xay dung cdy va ring, ching ta c6 thé luu ¥ ring mot cay v6i chi mot nit c6 thé
c6 dugc bang cdch thém mot géc méi vao mot rimg dang réng. Mot khi ching ta
da c6 cay nay rdi thi ching ta c6 thé tao dugc mot rimg gdm bao nhiéu cady mot
nat ciing duge. Sau d6 ching ta c6 thé thém géc méi dé€ tao cac cay c6 goc chiéu
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cao 1a 1. Bing c4ach nay ching ta c6 thé tiép tuc tao nén céc ciy c6 goc phu hop
v6i dinh nghia dé quy sau:

Dinh nghia: Mot cdy cé goc (rooted tree) bao gom mot nat don v, goi la goc
(root) cia cay, va mot rung F (forest) gom céc cay goi la cic cay con
cla nut goc.

Mot rimg F' 1a mot tap (c6 thé rong) cdc cay cé goc.

Mot qua trinh tao tuong tu cho cac cay cé thi tu va vuon.

Dinh nghia: Mot cay cé thit tu T (ordered tree) bao gom modt nit don v, goi la
goc (root) ctia cay,va mot vudn O (orchard) gom céc cay duge goi 1a céc
cay con cta goc v.

Chung ta c6 thé biéu dién cay c6 thu tu bing mot cip cé thi tu
T = {v, O}.

Mot vuon O hoidc 12 mot tap rong, hodc gdom mot cay cé6 tha tu T, goi 1a cay tha
nhat (first tree) ciia vuon, va mot vuon khac O’ (chia cdc cay con lai ctia vuon).
Chung ta c6 thé biéu dién vuon biang mot cip cé thd tu

O0=(T,O0).

Luu y rang thd tu cta cidc cdy 4n chda trong dinh nghia cta vudn. Mot vudn
khong réng chia ciy thi nhit va cdc ciy con lai tao nén mot vudn khéc, vuon
nay lai c6 mot cay thi nhat va 1a cay thi hai cta vuon ban dau. Tiép tuc doi véi
c4c vuon con lai ching ta ¢6 cay thi ba, thi tu, v.v...cho dén khi vudn cudi cung la
mot vudn rong. Xem hinh 10.5.

Flrst triea

.

o

remalning
trees

Crchard

]
|
|
|
|
|
| Orchard of
|
1
1
1
of subtrees I
1
1
1
1

Hinh 10.5 — C4u tric dé quy cia cac cay cé thi tu va vuon.
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10.1.4. Su tuong dng hinh thuc

Bay gio ching ta c6 thé c6 mot két qua mang tinh nguyén tic cho phan nay.

Dinh ly: Cho S la mot tdp hitu han bdt ky géom cdc nut. Cé6 mét dnh xa mét-mot f
t tap cdc vuon c6 tdp nut la S dén tdp cdc cdy nhi phdn cé tdp nut la S.

Chiing minh dinh ly:

Ching ta sé& dung nhiing ky hiéu trong céc dinh nghia dé chiing minh dinh ly
trén. Truéc hét ching ta cAn mot ky hiéu tuong tu cho cdy nhi phan. Mot cay nhi
phan B hoic 1a mot tap rong & hodc gbm mot nit goc v va hai cady nhi phan B;
va Bg. Ky hiéu cho mot cay nhi phan khong rong 1a mot b ba

B = [v, By, Bal.

Chting ta s& chiitng minh dinh ly bing phuong phap quy nap todn hoc trén so
nat trong S. Trudng hop thd nhat duge xét 12 mot vuon réng O, tuong Ung véi
mot cAy nhi phan rdng.

)= @.
Né&u vudn O khong réng, né duge ky hiéu bang mot bo hai
O =(T, Oy
v6i T 1la mot cay co thda tu va Og la mot vuon khac. Cay tha tu T duge ky hiéu

béi mot cap
T ={V, 01}

v6i v 1a mot nat va O;1a mot vuon khéc. Thay biéu thie T vao biéu thie O ta c6
O = ({v, O}, Oy).

Theo gia thiét quy nap, f 12 mdt 4nh xa mot-mot tir cdc vudn cé it niat hon S dén
cac cdy nhi phan, v6i O; va Oz nhé hon O, nén cac cdy nhi phan flO;) va fOz)
duge xdc dinh bdi gid thiét quy nap. Néu ching ta dinh nghia 4nh xa f tir mot
vuon dén mot cAy nhi phan bdi

flv, 011, O2) = [v, flOy), flO2)].
thi £ 1a mot su tuong Gng mot-mot gilta cdc vudon va cdc cdy nhi phan c6 cung s6

nut. Vé6i bat ky cach thay thé nao cho cac ky tu v, O;, va O & v& trai déu c6 chinh
xac mot cdch dé€ thay thé cho ching ¢ vé phai, va ngugc lai.
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10.1.5. Phép quay

Ching ta c6 thé st dung dang ky hiéu cta su tuong tng dé hinh dung phép
bién d6i ti vuon sang cdy nhi phan. Trong cdy nhi phan [v, AO;), fAO2)] tham
chiéu trai tir v dén nat goc cta cay nhi phan f (O;), d6 la nit con thi nhat cta v
trong cay c6 thd tu {v, O;}. Tham chiéu phdi tir v dén nat von 1a goc cta cay co
tha tu k& tié€p vé bén phai trong vudn. Cé nghia 1a, “tham chiéu trdi” trong cay
nhi phan tuong Gng véi “con thi nhat” trong cay cé thi tu, va “tham chiéu phai”
tuong tng “em ké&”. Cac quy tic bién d6i trong hinh nhu sau:

1. Vé vuon sao cho con thi nhit cia mdi niat ndm ngay duéi né, thay vi canh
khodng cédch cho tat ca cac con ndm déu bén dué6i nit nay.

2. Vé mot tham chiéu thing ding tir méi nat dén ndat con thd nhat cha né, va
vé mot tham chiéu ndm ngang tif mdi nat dén em ké cta né.

3. Loai b6 tat ca cdc tham chiéu khac con lai.

4. Quay so d6 45 do theo chiéu kim dong ho, sao cho cidc tham chiéu thing
ding tré thanh cdc tham chiéu trai va cdc tham chiéu nim ngang tré thanh
c4ac tham chiéu phai.

5. Qua trinh nay dugc minh hoa trong hinh 10.6

O

Rotate
45

Orchard Colored links added,
broken links removed

Elnary tres

Hinh 10.6 — Chuyén déi tir vuon sang cdy nhi phan.

10.1.6. Tong két

Ching ta da xem xét ba cdch biéu dién su tuong Gng giita cdc vudn va cac cay
nhi phan:

e Ci4c tham chiéu first_child va next_sibling.
e Phép quay cac so do.
e Su tuong duong ky hiéu mot cach hinh thic.

Nhiéu ngudi cho rang cach thd hai, quay cdc so do, 1a cdch dé nhé va dé hinh

dung nhat. Cach thd nhat, tao cdc tham chiéu, thuong dugc dung dé viét cac
chuong trinh thuc su. Cudi cung, cach thd ba, su tuong duong ky hiéu mot cach
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hinh thic, thudng rat cé ich trong viéc ching minh rat nhiéu dic tinh ciia cay nhi
phan va vuon.

10.2. Cay ti dién tim kiém: Trie

Trong cac chuong trude ching ta da thay su khac nhau trong viéc tim kiém
trong mot danh sdch va viéc tra ctu trong mot bang. Ching ta c6 thé 4p dung y
tuéng trong viéc tra ctu bang vao viéc truy xuat thong tin trong mot cay bang
cach st dung mot khéa hodic mot phan cta khéa. Thay vi tim kiém bing cach so
sanh cac khoéa, chung ta c6 thé xem khéa nhu 1a mot chudi cac ky tu (chit cai hoic
ky s0), va st dung cdc ky tu nay dé xac dinh duong di tai mdi budec. Néu cac khéa
cua chiung ta chda cac chit cai, ching ta sé tao mot ciy c6 26 nhanh tuong tng 26
chit c4i 1a ky tu dau tién cta cac khéa. Mdi cay con bén du6i lai c6 26 nhanh
tuong Ung véi ky tu thd hai, va ci thé ti€p tuc ¢ cdc mic cao hon. Tuy nhién
ching ta cling c6 thé tién hanh phan thanh nhiéu nhidnh & mot s6 mic ban dau,
sau d6 néu cay tré nén qua 16n, ching ta c6 thé dung mot vai cach thic khéc nao
d6 dé sap thi tu cho nhitng mdc con lai.

10.2.1. Tries

C6 mot phuong phép 1a cit tia b6t cdc nhanh khong can thiét trong cay. D6 la
cdc nhanh khong dan dén mot khéa nao. LAy vi du, trong tiéng Anh, khong cé
cac tir bat dau béi ‘bb’, ‘be’, ‘bf, ‘bg’, ..., nhung cé céc tir bat dau béi ‘ba’, ‘bd’, ‘be’.
Do d6, moi nhanh va nit cho cac tir khong ton tai c6 thé duge loai khéi cay. Cay
két qua nay dugc goi la Trie. Tu nay nguyén thuay dugc 14y tit retrieval, nhung
thuong dugc doc la “try”.

Dinh nghia: Mot cay Trie bac m c6 thé duge dinh nghia mot cdch hinh thic 1a
mot cAdy rong hodc gom mot chudi noi tiép c6 thi tu cla m cay Trie
bac m.

10.2.2. Tim kiém mot khéa

Gia sl céc ti ¢6 3 ky tu c6 nghia gom cédc ti duge luu trong cady Trie ¢ hinh
10.7. Viéc tim ki€m mot khéa dugc bat diu ti nut goc. Ky tu dau tién cha khoa
dugc dung dé xidc dinh nhdnh nao can di xuéng. Nhdanh can di réng c6 nghia la
khéa can tim chua cé trong cay. Ngugc lai, trén nhanh dudc chon nay, ky tu thi
hai lai dugc dung dé xdc dinh nhénh nao trong mic ké tiép can di xudng, va cd
thé& tiép tuc. Khi ching ta xét dén cudi ti, 1a ching ta da dén duge nuat cé con trd
tham chiéu dén thong tin can tim. Déi v6i niat tuong tng mot tir khong c6 nghia
sé c6 con tré tham chiéu dén thong tin 14 NULL. Chang han, tir a 14 phan dau cda
tir aba, ti nay lai 1a phan dau cla tir abaca, nhung chudi ky tu abac khong phai
1a mot ti c6 nghia, do d6 nit biéu dién abac c6 con tré tham chiéu thong tin la
NULL.
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10.2.3. Giai thuat C++

Ching ta sé chuyén qua trinh tim kiém via dugec mod td trén thanh mot
phuong thic tim kiém cdac ban ghi c6 khoa la cac chudi ky tu. Chung ta sé su
dung phuong thic char key letter(int position) tra vé ky tu tai vi tri
position trong khéa hoic ky tu rong néu khéa cé chiéu dai ngén hon position,

Hinh 10.7 — Trie chda céc tir duge cau tao tir a, b, c.

va ham phu tr¢g int alphabetic_order(char symbol) trd vé thd tu cla
symbol trong bang chit cdi. Ham nay tra vé 0 cho ky tu roéng, 27 cho cac ky tu
khong phai chit cdi. Trong hién thuc lién két, cAy Trie chia mot con tré dén nut
gbc cua né.

class Trie {
public: // Cac phuong thic cidp nhat, tim kiém, truy xuét.

private:
Trie_node *root;

3
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Mbi nit cha Trie can chita mot con tré chi dén mot ban ghi va mot mang céc
con trd dén cdc nhanh. S6 nhdnh la 28 tuong Gng két qua trd vé cuaa
alphabetic_order.

const int num_chars = 28;
struct Trie_node {

// Cac thudc tinh

Record *data;

Trie_node *branch[num_chars];
// constructors

Trie_node();

3

Constructor cho Trie_node don gian chi gdn tat cd cdc con tré 1a NULL.
10.2.4. Tim kiém trong cay Trie

Phuong thie sau tim mot ban ghi chia khéa cho trude trong cay Trie.

Error_code Trie::trie_search(const Key &target, Record &x) const
/*
post: Néu tim thiy khéa target, ban ghi x chita khéa sé dugc tra vé, phuong thic tra vé
success. Ngugce lai phuong thic tra vé not_present.
uses: Céc phuong thic caa 16p Key.
*/
{
int position = 0;
char next_char;
Trie_node *location = root;
while (location!=NULL&&(next _char=target.key letter(position))!=" )

{

location = location->branch[alphabetic_order(next_char)];
// Di xudng dan cdc nhanh tuong tng véi cdc ky tu trong target.
position++;// DE xét ky tu ké tiép cia target.
}

if (location = NULL && location->data "= NULL) {
X = *(location->data);
return success;

}

else
return not_present;

biéu kién két thic vong lap 1a con tré location biang NULL (khéa can tim
khong c6 trong cay), hodc ky tu k& 1a réng (da xét hét chiéu dai khéa can tim).
K&t thuc vong lidp, con tréo location néu khac NULL chinh 14 con tré tham chiéu
ban ghi chita khéa can tim.
10.2.5. Thém phan t& vao Trie

Thém mot phan tit vao cay Trie hoan toan tuong tu nhu tim kiém: 1lan theo

cac nhanh dé di xudng cho dén khi gap vi tri thich hop, tao ban ghi chda dit liéu
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va cho con tré6 data chi dén. Néu trén duong di ching ta gip mot nhianh NULL,
ching ta phai tao thém cac nut méi dé dua vao cay sao cho cé thé tao dugc mot
duong di dén niat tuong Gng véi khéa méi can thém vao.

Error_code Trie::insert(const Record &new_entry)

/*

post: Néu khéa cia new_entry da cé trong Trie, phuong thic tra vé duplicate_error.
Nguoc lai new_entry dugc thém vao Trie, phuong thic tra vé success.

uses: cdc phuong thic caa cac 16p Record va Trie_node.

*/
{
Error_code result = success;
if (root == NULL) root = new Trie_node; // Tao mot cAy Trie rong.
int position = 0; // Vi tri ky tu dang xét trong new_entry.
char next_char;
Trie_node *location = root; // Di dan xudéng cac nhanh trong Trie.

while (location = NULL &&
(next_char = new_entry.key letter(position)) 1= " ") {
int next_position = alphabetic_order(next_char);
if (location->branch[next _position] == NULL)
location->branch[next_position] = new Trie_node;
location = location->branch[next_position];
position++;
}
// Khong con nhanh dé di tiép hoic da xét hét cac ky tu ciia new_entry.
if (location->data !'= NULL) result = duplicate_error;
else location->data = new Record(new_entry);
return result;

10.2.6. Loai phan td trong Trie

Céch thuc hién cia viéc thém va tim kiém phan ti ciing dugc ap dung cho viée
loai mot phan ti trong cay Trie. Ching ta 1an theo dudng di tuong tng véi khéa
can loai, khi gip nit nay, ching ta gdan NULL cho con tré data. Tuy nhién, néu
nat nay cé tat cd cac thudc tinh déu la céc con tré NULL (céc cay con va con tré
data), ching ta can x6a ludon chinh né. Va diéu nay can phai dugc thuc hién cho
tat ca cac niat trén cha né trén dudng di ti né nguge vé nut goc cho dén khi gip
mot nit c6 it nhat mot thuoc tinh thanh vién khdc NULL. D& lam dugc diéu nay,
ching ta c6 thé tao mot ngan xé&p chia cac con tré dén cac nut trén duong di tur
nit gbc dén nit can tim dé loai. Hodc ching ta c6 thé sit dung dé quy trong gidi
thuat loai phan ti nhim tranh viéc s dung ngan x&p mot cdch tudng minh. Ca
hai cach nay déu dugc xem nhu bai tap.

10.2.7. Truy xuat Trie

S6 bu6c can thuc hién dé tim kiém trong cay Trie (hodc thém ndt méi vao
Trie) ti 1é v6i s6 ky tu tao nén mot khéa, khong phu thudc vao logarit cia so
khéa nhu céc cach tim kiém dua trén cdc cdy khdc. Néu s6 ky tu nhd so véi
logarit cd s6 2 cua s6 khoéa, cAy Trie té ra ¢6 uu thé hon ciy nhi phan tim kiém
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nhiéu. Lay vi du, cidc khéa gom moi kha néng ctia mot chudi 5 ky tu, thi cay Trie
c6 thé chia d6n n = 26° = 11,881,376 khéa v6i mdi 1an tim ki€m t6i da 1a 5 1an
lap dé di xuéng 5 mic, trong khi d6 cay nhi phan tim kiém tét nhat c6 thé thuc
hién dén Ig n ~ 23.5 1an so sanh céc khoéa.

Tuy nhién, trong nhiéu tng dung cé s6 ky tu trong mot khéa 16n, va tap céc
khéa thuc su xudt hién lai it so v6i moi kha ning c6 thé c6 cia cac khéa. Trong
trudng hop nay, s6 lan lip can c6 dé tim mot khéa trong cay Trie c6 thé vugt xa
s6 1an so sanh cédc khéa can cé trong cay nhi phan tim kiém.

Cudi cung, 181 gidi tot nhat c6 thé 1a su két hop cha nhiéu phuong phap. Cay
Trie c6 thé dugc sit dung cho mot it ky tu dau cia cdc khéa, va sau d6 mot phuong
phép khéc c6 thé duge st dung cho phan con lai cia khéa.

10.3. Tim kiém ngoai: B-tree

T truée dén nay, ching ta da gid st rang moi ciu tric dit lieu déu duge giir
trong bo nhé toc do cao; nghia 1a ching ta da chi xem xét viéc truy xuidt thong tin
trong (internal information retrieval). V6i mot s6 tng dung, gid thiét nay cé6 thé
chap nhan duge, nhung vé6i nhiéu tng dung quan trong khéc thi khong. Ching ta
hiay xem xét vaAn dé truy xudt thong tin ngoai (external information retrieval),
trong d6 céac ban ghi can tim kiém va truy xuat dugc luu trong cac tap tin.

10.3.1. Thoi gian truy xuat

Thoi gian can c6 dé thAm nhap va truy xuit mot ti trong bo nhé toc do cao
nhiéu nhat 134 mot vai microgidy. Thoi gian cdn dé dinh vi mot ban ghi trong dia
cing dugc do bing miligidy, d6i v6i dia mém cé thé vuot quia mot gidy. Nhu vay
thoi gian cho mot 1an truy xuit ngoai 16n gdp hang ngan 1an so véi mot 1an truy
xuat trong. Khi mot bdn ghi nidm trong dia, thuc t& mdi 1an khong phai chi doc
mot tir, ma doc mot trang 16n (page) hay con goi 14 mot khoi (block) thong tin.
Kich thuéc chuin cta khoi thuong tir 256 dén 1024 ky tu hoic tu.

Muc dich clia ching ta trong viéc tim kiém ngoai 1a phai lam t6i thiéu sé lan
truy xuat dia, do mdi 1an truy xudt chiém thoi gian ddang ké so vé6i cac tinh toan
bén trong bd nhé. Mbi 1an truy xuidt dia, ching ta c6é dugc mot khoi ma c6 thé
chita nhiéu ban ghi. Bing cach st dung cdc ban ghi nay, ching ta c6 thé chon lua
gitta nhiéu kha niang dé quyét dinh khéi nao sé dugc truy xudt ké tiép. Nho d6 ma
toan bo dit liéu khong can phéi luu déng thoi trong bd nhé. Khéi niém ciy nhiéu
nhanh ma ching ta s& xem xét dudi day dic biét thich hgp d6i véi viéc tim kiém
ngoai.
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10.3.2. Cay tim ki€ém nhiéu nhanh

Cay nhi phan tim kiém dugc téng quat héa mot cidch truc tiép dén cay tim
kiém nhiéu nhéanh, trong d6, véi modt s6 nguyén m nao dé duge goi la bac (order)
clia cay, mdi nit c6 nhiéu nhat m nit con. Néu k (k < m) 14 s6 con ctia mot nat thi
niat nay chia chinh xéc 1a k-1 khéa, va cac khéa nay phan hoach tat ca cdc khéa
cia cdc cay con thanh k tip con. Hinh 10.8 cho thdy mot cay tim kiém c6 5
nh4dnh nim xen k& cdc phan ti tir thd 1 va dén thd 4 trong mdi nut, trong dé
mot vai nhanh c6 thé rong.
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10.3.3. Cay nhiéu nhanh cian bang

Giad st mdi 1an doc tap tin, ching ta doc 1én dugc mot khoi chia cdc khoa
trong cuing mot nit. Nho su phan hoach cac khéa trong cac cady con dua trén cac
khéa nay, ching ta biét dugc nhdanh nao ching ta can tiép tuc cong viéc tim kiém
khéa can tim. Bang cach nay sd 1an doc dia t6i da chinh 14 chiéu cao cta cay. Va
chi phi bd nhé ciing chi danh t6i da 1a cho cdc ndat trén dudng di tir nat goc dén
nat c6 khéa can tim, chit khong phai toan bo dit liéu luu trong cay.

Muc dich clia ching ta st dung cdy tim kiém nhiéu nhianh dé lam gidm viéc
truy xudt tap tin, do d6 ching ta mong mudn chiéu cao clia ciy cang nhd cang tot.
Ching ta c6 thé thuc hién diéu nay biang cach cho ring, thi nhat, khong cé cac
cdy con rong xuat hién bén trén ciac nat 14 (nhu vy su phan hoach cdc khoa
thanh céc tap con sé hiéu qua nh4t); thi hai, réng moi nit 14 déu thudc cing mot
muc (dé€ cho viéc tim kiém dugc bdo ddm 1a sé két thic véi cung s 1an truy xuat
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tap tin); va, thd ba, rang moi nat, ngoai trif cdc nat 14 c6 it nhat mot sé niat con
t6i thiéu nao d6. Chiung ta dua ra yéu cAu ring, moi niat, ngoai trif cdc nut 14, c6 it
nh4t 14 mot nita s& con so vdi s6 con toi da c6 thé c6. Cac diéu kién trén dian dén
dinh nghia sau:

Dinh nghia: Mot cdy B-tree bac m la mot cdy m nhanh, trong do,

1. Moi nut 14 ¢6 cung miic.

2. Moi nat trung gian (khéng phdi nidt 14 va nat goc), cé6 nhiéu nhat m nit con
khéc rbng, it nhat 1a [m/2 | nit con khéc réng.

3. S0 khoéa trong mdi nat trong nhé hon s6 nat con khac rong 1 don vi, va cac
khéa nay phan hoach céac khéa trong céc cay con theo cach ciia cay tim kiém.

4. Nat goc c6 nhiéu nhat m ndat con, va néu né khong dong thoi 1a nat 14 (truong
hop cay chi c¢6 1 nit), thi né c6 thé c6 it nhat 1a 2 nat con.

Cay trong hinh 10.8 khong phai la cAy B-tree, do mot vai nat ¢6 cdc nat con
rong, mot vai ndat c6 qua it con, va cdc nit 14 khong cung mot mice. Hinh 10.9
minh hoa mot ciy B-tree cé bac la 5 véi cac khoéa la cac ky tu chit cai. Truong
hop nay mbi nidt trung gian cé it nhat 3 niat con (phan hoach béi 2 khéa).
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Hinh 10.9 — Cay B-tree bac 5.

10.3.4. Thém phan t& vao B-tree

Piéu kién moi nat 14 thudc cing mic nhan manh hanh vi dic trung cia B-
tree: Nguge v6i cAy nhi phan tim kiém, B-tree khong cho phép 16n 1én tai cac
nat 14; thay vao d6, né 16n 1én tai goc. Phuong phdp chung dé thém phan ti vao
né nhu sau. Tru6c hét, thuc hién viéc tim kiém dé xem khéa can thém da cé
trong cdy hay chua. Néu chua c6, viéc tim kiém sé& két thuc tai mot nat 14. Khéa
méi sé& duge thém vao nit 14. Néu nat 14 von chua day, viéc thém vao hoan tat.
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Khi nit 14 can thém phan ti méi da day, nat nay sé duge phan lam hai nit canh
nhau trong cung mot mic, khéa chinh gitia sé khong thudoc nat nao trong hai nit
nay, né dugc gbi ngugc 1én dé thém vao nat cha. Nho vay, sau nay, khi can tim
kiém, su so sanh véi khéa giita nay sé din duong xudng tiép cdy con tuong Ung
bén trai ho#c bén phai. Qua trinh phan d6i cidc nit c6 thé duge lan truyén ngugc
vé goc. Qua trinh nay sé chdm didt khi c6 mot nit cha nao dé can duge thém mot
khéa géi tir duéi 1én ma chua day. Khi mot khéa duge thém vao nit goc da day,
nut goc sé dugec phan lam hai va khéa nim giiia ciing dugc géi nguge 1én, va né sé
tré thanh mot goc méi. D6 chinh 1a ldc duy nhat cAy B-tree ting truéng chiéu
cao.

Qua trinh nay c6 thé dugc lam sdng té bang vi du thém vao cay B-tree cdp 5
¢ hinh 10.10. Ching ta sé lan lugt thém cac khéa

a g f bk dh mjes ir xclntup
vao mot cay rong theo thi tu nay.

Bon khéa dau tién s& duge thém vao chi mot nat, nhu trong phan dau cta hinh
10.10. Ching dugc sip thi tu ngay khi dugc thém vao. Tuy nhién, d6i véi khoéa
thi nam, k, nat nay khong con chd. Nut nay dudc phan lam hai nit méi, khéa
nam gitia, f, duge chuyén 1én trén va tao nén nat méi, dé ciing 14 goc méi. Do céc
nat sau khi phan chia chi chita mot ntia s6 khéa cé thé c6, ba khéa tiép theo c6
thé dugc thém vao ma khong gip khé khan gi. Tuy nhién, viéc thém vao don gian
nay ciing doi héi viéc t6 chdc lai cac khéa trong mot nit. P& thém j, mot 14n nifa
lai can phan chia mot nit, va 1an nay khéa chuyén 1én trén chinh 1a j.

Mot s6 1an thém cac khéa tiép theo dugc thuc hién tuong tu. LAn thém cudi
cung, p, dac biét hon. Viéc thém p vao trudc tién lam phan chia mot nat von
chita k, 1, m, n, va géi khéa nam giita m 1én trén cho nut cha chia e, f, j, r, tuy
nhién, nat nay da day. Nhu vay, nit nay lai phan chia 1am hai nat méi, va cudi
cung nut géc méi chia j duge tao ra.

C6 hai diém can chd y khi quan sat su 16n 1én cé trat tu ctia B-tree. Thi
nhat, khi mot nat duge phan d6i, né tao ra hai nat méi, mdi nut chi c6 mot nia
s0 phan tir toi da c6 thé c6. Nho d6, nhitng 1an thém tiép theo c6 thé khong can
phai phan chia nat 14n nita. Nhu vdy mot 1an phan chia nidt 1a chudn bi cho mot
vai 1an thém don gidn. Thi hai, khéa dugc chuyén 1én trén luon 1a khéa nim gitta
chit khong phai chinh khéa can thém vao. Do d6, nhiéu 1an thém lap lai sé& cé
chiéu huéng cai thién su can bing cho cay, khong phu thudc vao thi tu ciac khéa
dugc thém vao.
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Hinh 10.10 — Su 16n 1én cta cay B-tree.

10.3.5. Giai thuat C++: tim kiém va thém vao

Dé phat trién thanh gidi thuat C++ tim ki€m va thém vao mot cay B-tree,
chiing ta hay bat dau véi cac khai bdo cho cay. P& don gidn ching ta sé xay dung
cay B-tree trong bd nhé téc do cao, sit dung cdc con trdé chita dia chi cdc nit
trong cay. Trong phan 16n cac Ung dung, cdc con trdé nay cé thé dugc thay thé béi
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dia chi ctha cac khoi hodc trang trong dia, hodc s6 thi tu cdc ban ghi trong tap
tin.

10.3.5.1. Cac khai bao

Ching ta s& cho nguoi st dung tu do chon lua kiéu ciia ban ghi ma ho muén
luu vao cady B-tree. Lép B-tree cua chiang ta, va 16p node tuong Ung, sé co
thong s6 template 1a 16p Record. Thong s6 template thi hai sé 1a mot s6
nguyén biéu dién bac cta B-tree. Pé c6 dugc mot d6i tuong B-tree, ngudi su
dung chi viéc khai bdo mot ciach don gidn, ching han:B-tree<int, 5>
sample_tree; sé khai bao sample_tree la mot cAy B-tree bac 5 chia cac ban
ghi 1a c4c s6 nguyén.

template <class Record, int order>
class B_tree {

public: // Cac phuong thtc.

private: // Thujc tinh:
B_node<Record, order> *root;
// Céc ham phu trg.
}:

Bén trong mbi nat cia B-tree ching ta cidn mot danh sich cdc phan ti va
mot danh sach cac con trd dén cdc nit con. Do cdch danh sich nay ngin, dé don
gian, ching ta dung cdc mang lién tuc va mot thudc tinh count dé€ biéu dién
ching.

template <class Record, int order>
struct B node {

// Cac thubc tinh:

int count;

Record dataJorder - 1];

B _node<Record, order> *branch[order];
// constructor:

B node();
};

Thuoc tinh count chda s6 ban ghi hién tai trong tiing nat. Néu count khac 0
thi nat c6 count+1 nit con khac réng. Nhanh branch[0] chi dén ciy con chia
cdc ban ghi ¢6 cdc khéa nhé hon khéa trong data[0]; véi mdi tri cha position
nim gitta 1 va count-1, k& ca hai cian nay, branch[position] chi d&n cay con
c6 cac khéa nim gitta hai khéa cia data[position-1] va data[position]; va
branch[count] chi dén ciy con cé cic khéa 16n hon khéa trong data[count-

1].

Constructor cia B_node tao mot nit réng bing ciach gan count bang 0.
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10.3.5.2. Tim kiém

Nhu vi du don gidn dau tién, ching ta viét phuong thdc tim kiém trong mot
cdy B-tree cho mot ban ghi c¢6 khoa trung véi khoa cta target. Trong phuong
thic tim kiém cta ching ta, nhu thudng 1é, ching ta sé gia thiét ring cdc ban ghi
nay c6 thé dugc so sanh bdi cdc toan ti so sanh chuin. Cing nhu viéc tim kiém
trong cdy nhi phan tim kiém, ching ta bat dau bang cach goi mot ham dé quy
phu trg.

template <class Record, int order>

Error_code B_tree<Record, order>::search_tree(Record &target)

/*

post: Néu tim thdy phan ti c6 khéa trung véi khéa trong target thi toan bd ban ghi phan ti
nay dugc chép vao target, phuong thic trad vé success. Ngugc lai, phuong thic tra vé
not_present .

uses: Ham dé quy phu trg recursive_search_tree
*/
{

3

return recursive_search_tree(root, target);

Thong s6 vao cho ham dé quy phu tro recursive_search_tree la con tré
dén goc clia cAy con trong B-tree va ban ghi target chia khéa can tim. Ham sé
trd vé ma 16i cho biét viéc tim kiém két thic thanh cong hay khong; néu tim
thdy, target dugc cap nhat bdi ban ghi chita khéa duge tim thiy trong cay.

Phuong phéap chung dé tim kiém bang cach 1an theo cédc con tré dé di xudng
trong cAy tuong tu cdch tim ki€m trong cidy nhi phan tim kiém. Tuy nhién, trong
mot cdy nhiéu nhanh, ching ta cdn tén nhiéu cong hon trong viéc xac dinh ra
nh4anh cin xudng ti€p theo trong mbi nut. Viéc nay sé& dugc thuc hién bdi mot
ham phu tr¢g khac cia B-tree la search_node, ham nay tim ban ghi c6 khéa
trung véi khéa clia target trong s cac ban ghi c6 trong nit duge tham chiéu béi
con tré6 current. Ham search_node c6 st dung tham bién position, néu tim
thay, tham bién nay sé& nhan vé chi s6 ctia ban ghi chia khéa can tim trong nut
tham chiéu béi current; ngugc lai n6é chia chi s6 ctia nhanh bén duéi tiép theo
can tim.

template <class Record, int order>
Error_code B tree<Record, order>::recursive_search_tree
(B_node<Record, order> *current, Record &target)
/*
pre: current la NULL ho#c chi dén goc mot cly con trong B_tree.
post: Néu khéa trong target khong tim thay, ham tra vé not_present. Ngugc lai, target
dugc cap nhat béi ban ghi c6 chita khéa tim dugc trong cay, ham tra vé success.
uses: Ham phu trg recursive_search_tree moét cach dé quy va ham search_node.
*/
{

Error_code result = not_present;
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int position;
if (current != NULL) {
result = search_node(current, target, position);

if (result == not_present)
result=recursive_search_tree(current->branch[position],
target);
else

target = current->data[position];

}

return result;

b

Ham trén dugc viét dé quy dé ching té su tuong tu gitfa ciu tric ctia né véi cau
tric cia ham thém phan ti trong phan tiép theo du6i day. Tuy nhién, day 1a dé
quy dudi, va né c6 thé duge thay béi cau tric lap.

10.3.5.3. Tim kiém trong mét nuit

Ham search_node du6i day thuc hién viéc tim tudn tu. Ham nay can xdc
dinh xem target da cé trong nut hién tai hay chua, néu chua, né can xéc dinh
nhanh nao trong s6 count+l nhanh la chita target. Du6i day 1a cdch tim tuan

tu v6i bién tam chay tor 0 dén vi tri tim thdy hodc vita vugt qua khéa cua
target.

template <class Record, int order>
Error_code B tree<Record, order>::search_node
(B_node<Record, order> *current, const Record &target, int &position)

/*

pre: current chida dia chi 1 nidt trong B_tree.

post: Néu khoa trong target dugc tim thdy trong *current, thong s6 position sé& chia vi tri
cia phan tif target trong nit nay, target dugc cap nhat lai, ham tra vé success.
Nguoc lai, ham tra vé not_present, position sé la chi s6 cia nhanh con bén du6i can
tiép tuc viéc tim kiém.

uses: Céc phuong thic cia 16p Record.

*/

position = O;
while (position < current->count && target >current->data[position])

position++; // Tim tuan tu.

if (position < current->count && target == current->data[position])
return success;

else

return not_present;

Doi v6i cay B-tree cé6 cac nit kha 16n, ham trén can dugc sta déi dé st dung
cach tim nhi phan thay vi tim tuan tu. Trong mot vai ing dung, mdi ban ghi cta
cay B-tree chida rat nhiéu dit liéu, diéu nay lam cho bac cta cay tré nén tuong
doi nhé, va viéc tim tuan tu trong mot niat 1a thich hgp. Trong nhiéu tGng dung
khac, chi c6 cac khoa la duge chita trong cac nit, nén bac cia cdy tré nén kha Ion,
ching ta can dung céch tim nhi phan dé tim vi tri cia mot khéa trong mét nit.
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Mot kha nang khéc cling c6 thé duge xem xét, d6 1a viée st dung mot cay nhi
phan tim kiém thay cho mang lién tuc cdc phin ti trong mdi nit ctia ciy B-tree.

10.3.5.4. Thém vao: phuong thuc insert va ham dé quy push_down

Viéc thém phan ti vao mot ciy B-tree c6 thé dugc xay dung mot cach tu
nhién nhu mot ham dé quy. Pé quy cho phép ching ta giit duge vét cia duong di
dén mot nidt trong cay, dé khi quay vé (khi cdc 1an goi dé quy lan lugt két thic),
ching ta c6 thé thuc hién ti€p mot sé cong viéc can thiét & cdc nat thudc miic
trén theo thd tu ngude véi khi di xuéng. Nho vay, ching ta khong can st dung
ngan xép mot cach tudong minh. Cach lam nay hoan toan tuong tu véi cdch ma
ching ta da lam trong viéc can bang lai khi thém hoic loai mdt nit trong cay can
bang.

Nhu thudng 1&, ching ta can biét chic 1a khéa can thém chua c6 trong cay.
Phuong thic thém vao insert chi can mot thong s6 new_entry chia ban ghi
can thém. Tuy nhién, ham dé quy push_down cda ching ta can thém ba tham
bién b6 sung. Thong qua cdc tham bién nay, modt nat, sau khi goi dé quy xudng
nat con clia né, sé biét dugc cAn phai gidi quyét nhiing viéc gi ma nit con cta né
da géi gadm tré lai. P6 chinh 14 khi mot nit 6 mic nao dé duge phan déi va qua
trinh nay c6 thé sé phai lan truyén ngugc vé nit goc cta cay.

Ham dé quy push_down véi thong s6 new_entry dudc goi xudng ciy con co
goc 1a current dé thém new_entry vao cay con nay. Ham push_down tra vé
duplicate_error néu new _entry di cé trong ciy; trd vé success néu viéc
thém vao thanh cong va moi chuyén da dugc gidi quyét triét dé trong cidy con ma
noé xu ly. Trong truong hop cé6 su thém new_entry vao cdy con ma cong viéc con
chua gidi quyét triét dé (ngay tai nat *current cé su phan chia lam hai nut),
ham push_down sé& tra vé overflow dé bao 1én nit cha clia cdy con nay gidi
quyét tiép. Lac d6, cac tham bién sé& cé vai tro nhu sau. Do nit *current can
dugc phan doi, ching ta s& dé current chi dén nut chda mot nida s6 phan ti bén
trai, va dia chi cia nat méi chita mot nita s6 phan ti bén phai sé duge tra lén mdc
trén thong qua tham bién right_branch. Tham bién median dugc st dung dé
chita ban ghi nidm giita dé tra 1én mic trén.

Truong hgp c6 mot nit duge phan doéi dugec minh hoa trong hinh 10.11.
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current right_branch

Hinh 10.11- Hanh vi ctia ham push_down khi mét nat duge phan déi.

Qua trinh dé quy dugc bat dau trong phuong thic insert cta B-tree. Trong
trudng hop nhiing viéc can gidi quyét lan truyén 1én dén tan nat gdc va lan goi dé
quy ngoai cung ctia ham push_down trd vé overflow, thi vdn con mot ban ghi,
median, can dugc thém vao cay. Mot nit goc mdéi can dugc tao ra dé chia ban ghi
nay, va chiéu cao clia cady B-tree ting thém 1. D6 1a cach duy nhat dé B-tree

tang chiéu cao.

template <class Record, int order>
Error_code B_tree<Record, order>::insert(const Record &new_entry)

/*

post: Néu khéa trong new_entry da cé trong B-tree, phuong thic tra vé duplicate_error.

Nguoc lai, new_entry dudc thém vao ciy sao cho cay van théa diéu kién cay B-tree,

phuong thic tra vé success.

uses: Cac phuong thic cia B_node va ham phu trg push_down.

*/

Record median;

B node<Record, order> *right_branch, *new_root;
Error_code result =push_down(root, new_entry, median, right branch);

if (result == overflow) { // Cay tiang chiéu cao lén 1 don vi.
//Mbt nit méi duge tao ra dé lam goc méi cho cay, goc cii clia cAy sé la goc clia ciy con

thudc nhanh con diu tién cta nit goc.
new_root = new B_node<Record, order>;

new_root->count = 1;
new_root->data[0] = median;
new_root->branch[0] = root;

new_root->branch[1] = right_branch;

root = new_root;
result = success;

}

return result;

b
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10.3.5.5. Thém dé quy vao mdt cay con

Ching ta hay hién thuc ham dé quy push_down. Ham nay si dung con tro
current tham chiéu dén goc clia cay con can thuc hién viéc tim kiém dé thém
vao. Trong cdy B-tree, ban ghi méi trugc hét can dugc thém vao mot nat l4.
Chting ta s& st dung diéu kién current == NULL dé€ két thic dé quy; nghia 13,
ching ta s& tiép tuc di chuyén xudng theo ciy trong khi tim kiém new_entry cho
dén khi gap phai mot cay con réng. Do ciy B-tree khong 16n 1én bing cach
thém nat 14 mdéi, ching ta khong thém new_entry ngay lap tic, ma thay vao dé
ham sé& tra vé overflow, new_entry dugc gdi trd vé thong qua tham bién
median va sé dugc thém vao modt nat 14 da c6 6 mic trén. Viéc can lam tiép theo
cling hoan toan gidng véi truong hop tong quat tai bat cd nat nao trong cay ma
ching ta sé xem xét tiép sau day.

Khi mot 1an dé quy trd vé overflow, ciing cé nghia 1a con mot ban ghi
median van chua dugc thém vao cay, va ching ta sé thit thém né vao ndat hién
tai. N&u nat nay con chd trong, viéc thém sé hoan tit, ham tra vé success. Diéu
nay ciing lam cho céc 1an dé quy truéc d6 sé 1an luot két thic ma khong phai lam
gi thém. Nguogc lai, nit *current dugc phan thanh hai nat *current va
*right_branch, va mot ban ghi niam gitta, median (c6 thé khac v6i ban ghi
median ti 1an dé quy bén dué6i tra vé), dugc géi nguoc lén phia trén cta cay,
thong s6 tra vé van duogc giit nguyén la overflow.

Push_down st dung ba ham phu trg: search_node (giong nhu trong trudng
hop tim kiém); push_in thém ban ghi median vao nut *current véi gia thiét
ring nat nay con chd trong; va split dé chia doi nat *current da day thanh
hai nat méi, hai nit nay sé la anh em trong cung mot muc trong cay B-tree.

template <class Record, int order>
Error_code B_tree<Record, order>::push_down
(B_node<Record, order> *current,
const Record &new_entry,
Record &median,
B_node<Record, order> *&right_branch)
/*
pre: current la NULL hoac chi dén mot nat trong cay B_tree.
post: Néu khéa trong new_entry da cé trong ciy con cé goc current, ham tra vé
duplicate_error. Ngugc lai new_entry dugc chén vao ciy con, néu diéu nay lam cho
cay con cao lén, ham tra vé overflow va ban ghi median dugc tach ra dé dugc chen &
mtc cao hon trong cady B-tree, dong thoi right_branch chita goc cia cay con bén phai
ban ghi median nay. Néu ciy con khong can cao 1én thi ham tra vé success.
uses: Ham push_down (mét cach dé quy), search_node, split_node, and push_in.
*/
{
Error_code result;
int position;
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if (current == NULL) { // Do khong thé chén vao mot cy con réng nén dé quy // két
thic, viéc can lam sé dugc gidi quyét ¢ mic trén sau dé.
median = new_entry;
right _branch = NULL;
result = overflow;

else { // Search the current node.

if (search_node(current, new_entry, position) == success)
result = duplicate error;
else {

Record extra_entry;
B _node<Record, order> *extra_branch;
result = push_down(current->branch[position], new_entry,
extra_entry, extra_branch);
if (result == overflow) { // Can gidi quyét cong viéc nit con géi lén.
it (current->count < order - 1) {
result = success;
push_in(current, extra entry, extra branch, position);

}

else split_node(current, extra_entry, extra_branch,
position, right branch, median);

//Ban ghi median va right_branch ducgc cdp nhat trong chinh ham nay

b
¥
¥
return result;

b

10.3.5.6. Thém mot khéa vao mot nut

Ham phu tro ké tiép, push_in, thém ban ghi entry va con tré bén phai cia
né 1la right_branch vao nat *current, gid st ring niat nay con chd trong dé
thém vao. Hinh 10.12 minh hoa truéng hgp nay.
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entry f
current b ldih]i
right_branch
tielelrly - !
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template <class Record, int order>
void B_tree<Record, order>::push_in(B_node<Record, order> *current,
const Record &entry, B _node<Record,
order> *right_branch, int position)
/*
pre: current chia dia chi mot nit trong B_tree. Nut *current chua day va entry can
dugc chén vao *current tai vi tri position, right_branch cin dugc cip nhat chinh
la cay con bén phéi cia entry trong *current.

post: entry va right branch da dugc chén vao *current tai vi tri position.
*/
{ - _ o
for (int i = current->count; 1 > position; i--) {
// Di chuyén céc phan tif can thiét sang phai d€ nhudng ché.
current->data[i] = current->data[i - 1];
current->branch[i + 1] = current->branch[i];

current->data[position] = entry;
current->branch[position + 1] = right_branch;
current->count++;

b

10.3.5.7. Phan déi mot nut dang day

Ham phu trg cudi cung cho phuong thic thém vao, split_node, dudc st dung
khi cAn thém bdn ghi extra_entry cung con tré chi dén ciy con extra_branch
vao nut da day *current. Ham nay tao nat méi tham chiéu béi right_half va
chuyén mot nita s6 ban ghi bén phdi clia niat *current sang, géi ban ghi nim
giita 1én phia trén clia cay dé né c6 thé dugc thém vao sau do.

Di nhién la khong thé thém ban ghi extra_entry thang vao nut da day:
tru6c hét ching ta can xdc dinh xem extra_entry sé thudc nita bén trai hay nia
bén phdi s6 ban ghi sdn c6 trong nit *current, sau d6 di chuyén cac ban ghi
thich hop, va cudi cung sé thém extra_entry vao bén tuong tng. Ching ta sé
chia d6i s6 phan ti trong nit *current sao cho ban ghi median la phan ti cé6
khéa 16n nh4t trong nita s6 phan tit bén trai. Hinh 10.13 minh hoa diéu nay.

template <class Record, int order>
void B_tree<Record,order>::split_node

(B_node<Record,order> *current, // Nit can dugc phan dai.
const Record &extra_entry, // Phan ti mé6i can chen vao.
B_node<Record,order>*extra_branch, // Cay con bén phai cia extra_entry.

int position,// Vi tri clia extra_entry trong *current so véi cdc phan tir da cé.
B_node<Record,order>*&right_half,

//Nut méi d€ chita mot ntia s6 phan ti tir *current.
Record &median)//Phan ti gitia khong nam trong ca hai *current hoéc
// *right_half ma sé dugc chuyén lén phia trén trong cay B_tree.
/*
pre: current chda dia chi mot niat trong cay B_tree.
Nuat *current da day, nhung phan ti extra_entry cung ciy con bén phai cda né
extra_branch can dugc chén vao vi ri position, 0 <=position <order.
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post: Céc phan ti da c6 trong niat *current cung véi extra_entry va extra_branch (xem
nhu d3 duge xé&p vao ding vi tri position) dugc phan phéi vao nat *current va nat méi
*right_half, ngoai trit phan ti chinh gitia trong s6 cdc phan ti nay dugc dua vao
median.
uses: cdc phuong thdc cda B_node, ham push_in.
*/
{ right _half = new B _node<Record, order>;
int mid = order/2; //
if (position <= mid){ // Truong hgp 1: extra_entry thudc nia bén trai.
for (int i = mid; i < order - 1; i++){ // Chuyén cac phan ti tir
// *current sang *right_half trudc roi méi goi ham push_in dé
// chen extra_entry va extra_branch vao *current sau.
right_half->data[i - mid] = current->data[i];
right_half->branch[i + 1 - mid] = current->branch[i + 1];
}
current->count = mid;
right_half->count = order - 1 - mid;
push_in(current, extra entry, extra branch, position);

}
else { // Truong hgp 2: extra_entry thudc nita bén phai.
mid++; // Tam thoi van dé& phan tit can chép vao median § lai trong nita bén
trai.
for (int i = mid; i < order - 1; i++) {// Chuyén cac phan ti tir
// *current sang *right_half trudc réi méi goi ham push_in dé
// chen extra_entry va extra_branch vao *right_half sau.
right_half->data[i - mid] = current->data[i];
right_half->branch[i + 1 - mid] = current->branch[i + 1];
}
current->count = mid;
right_half->count = order - 1 - mid;
push_in(right_half, extra entry, extra branch, position - mid);
}

median = current->data[current->count -1];//Chép phan ti vao median
right_half->branch[0] = current->branch[current->count];
current->count--;
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Case 1. position == 2; order==5; Case 2; position == 3; order ==5;
(extra_entry belongs 1n left half) (extra_entry belongs in right half )
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Hinh 10.13 — Hanh vi cia ham split.

10.3.6. Loai phan td& trong B-tree

10.3.6.1. Phuong phap

D6i vé6i viée loai bé phan ti, ching ta mong muén rang phan ti duge loai bd
thudc mot nat 14 nao d6. Néu phan ti nay khong thudc nuat 14, thi phan ti ngay
ké trude né (hodc ngay ké sau né) theo thi tu tu nhién ctia céc khoa sé thudc nat
14. Ching ta sé dit phan ti ké truéec nay (hodc k& sau) thé& vao chd cta phan ti
can loai, sau d6 loai vi tri clia né ra khéi nat 14. Cach 1am nay rat giong véi cach
lam trong ciy nhi phan tim kiém.
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Néu nit 14 can loai di mot phan ti ¢6 nhiéu hon s& phan ti t6i thiéu thi viéc
loai két thic. Nguge lai, néu niat 14 dang chda s6 phan ti bang s§ phan ti toi
thiéu, thi truéc hét ching ta s& xem xét hai nut 14 k& can véi né va cung mot cha
(hodc chi mot nat 14 k& can trong trudng hop nit 14 dang xét nam & bién), néu
mot trong hai c6 nhiéu hon s6 phan ti t6i thiéu thi mot phan ti trong s6 dé cé
thé di chuyén lén nit cha va phan ti trong nat cha sé di chuyén xudng nut la
dang thi€u phan ti (Chung ta biét ring can phai di chuyén nhu vay dé bao dam
thy tu gitta cac phan t&). Cudi cung, néu ci hai nat 14 k& can chi c6 s6 phan ti
toi thiéu, thi nat 14 dang thiéu can két hop véi mot trong hai niat 14 ké& can, cé
ldy thém mot phan t& ti nit cha, thanh mot ndt 14 méi (Do sé nit con
giam nén sé phan t& trong nit cha cing phai giam). Nut nay sé chia so
phan ti khong nhiéu hon s6 phan ti t6i da dugc phép. Néu buéec nay lam cho nit
cha con lai s6 phan ti it hon s6 phan ti toi thiéu, thi viéc gidi quyét cling tuong
tu, va qud trinh nay sé lan truyén ngudc 1én phia trén cia cdy. Qua trinh lan
truyén sé cham didt khi mot nat cha nao d6 khi cho di mét phan ti van khong trd
nén thiéu hut phan ti. Trong trudng hop dic biét, khi phin ti cudi cung trong
nat goc bi 14y di thi nat nay ciing dude gidi phéng va cay sé giam chiéu cao.

10.3.6.2. Vidu

Qu4 trinh loai bé trong ciy B-tree bac 5 san c6 cia ching ta duge minh hoa
trong hinh 10.14. Lin loai thd nhat khong c6 van dé gi do h niam trong nut 14
dang c6 nhiéu hon s6 phan ti t6i thiéu. Lan thi hai, loai r, do r khong thudc nuit
14, nén phan ti ngay ké& sau r 1a s dugc chép de 1én r, va s dugc loai khéi nut 14.
Lan thd ba, viéc loai p 1am cho nit chita né con qué it phan ti. Khéa s tir nit cha
dugc chuyén xudng 14p di su thiéu hut va vi tri cta s dugc thé béi t.

Viéc loai d tiép theo phic tap hon, né lam cho nit con lai qué it phan td, va
cd hai niat k& cung cha déu khong thé sang b6t phan ti cho né. Nit dang thiéu
hut nay phai két hgp v6i mot trong hai nit k&, khi d6 mot phan ti nam gitta
ching ti nat cha duge dua xuéng (biéu dién béi nét roi trong so dd thi nhat cta
trudng hop nay). Nat két hop duge gdm céc phan ti a, b, ¢, e theo so do thi hai.
Tuy nhién, qué trinh nay lam cho nit cha chi con lai mdt phan ti f. Ba nat phia
trén cda cay phai dugc két hop lai va cudi cing ching ta cé cay nhu so d6 cudi cia
hinh vé.
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Hinh 10.14 — Loai phan tif ra khéi B-tree.
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10.3.6.3. Hién thuc C++

Ching ta c6 thé viét gidi thuat loai phan ti v6i cdu tric tdng thé tuong tu nhu
gidi thuat thém vao. Ching ta sé st dung dé quy, v6i mot phuong thic riéng dé
khéi dong qua trinh dé quy. Thay cho viéc ddy mot phan ti ti nat cha xudng
trong khi goi dé quy xuéng bén duéi, ching ta sé cho ham dé quy trd vé mot nit
dang thiéu phan tif thong qua tham bién. Lan goi d& quy bén trén sé& phan tich
diéu gi da xdy ra va thuc hién viéc di chuyén céac phan ti can thiét. Khi phan ti
cudi cung trong nit goc bi 14y di, nit réng sé duge gidi phéng va chiéu cao cla cay
giam bét 1.

template <class Record, int order>

Error_code B_tree<Record, order>::remove(const Record &target)

/*

post: Néu khéa trong target dugc tim thay trong cdy, phan ti chia khéa nay bi loai khéi cay,
phuong thic tra vé success. Nguoc lai, phuong thic tra vé not_present.

uses: Ham recursive_remove.
*/
{
Error_code result;
result = recursive_remove(root, target);
if (root !'= NULL && root->count == 0) { // Cay gidm chiéu cao.
B _node<Record, order> *old_root = root;
root = root->branch[0];
delete old_root;
}
return result;

3

10.3.6.4. Loai dé quy

Phan 16n cong viéc dugc thuc hién trong ham dé quy recursive_remove.
Trude tién né tim nat chia target. Néu target duge tim thdy va nat chia né
khong 1a nat 14, thi phan ti k& sau target sé duge tim va duge chép de 1én né.
Phan ti k& sau nay sé dugc loai bé. Viéc loai phan t trong nit 14 duge thuc hién
mot cich dé& dang, va nhiing phan cong viéc con lai sé& dugc tiép tuc nhd dé quy.
Khi mot 1an goi dé quy dugce tra vé, ham sé kiém tra xem nit tuong Gng c6 con du
s6 phan ti hay khong, néu thiéu, né di chuyén cac phan ti dé dap Ung yéu cau.
Céc ham phu trg sé dugc st dung trong mot s6 buéc nay.

template <class Record, int order>
Error_code B _tree<Record, order>::recursive_remove
(B_node<Record, order> *current, const Record &target)

/*

pre: current la NULL hosc chia dia chi nut goc cia mot cdy con trong B_tree.

post: Néu khéa trong target dugc tim thay trong cidy, phan ti chida khéa nay bi loai khéi cay
sao cho cdy van giii tinh chat cdy B-tree, phuong thic trda vé success. Nguogc lai,
phuong thic trd vé not_present.

uses: Cac ham search_node, copy_ in_predecessor,

recursive_remove (mot cach dé quy), remove_data, va restore.
*/
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{

Error_code result;
int position;
if (current == NULL) result = not _present;
else {
if (search_node(current, target, position) == success){

// Khoéa trong target dugc tim thay trong current.
result = success;

if (current->branch[position] !=NULL){//current khéng phai nait 14
copy_in_predecessor(current, position);

recursive_remove(current->branch[position],
current->data[position]);

}

else remove data(current, position);// Loai phan ti trong nat 14.

else result =recursive_remove(current->branch[position], target);
if (current->branch[position] = NULL)
if (current->branch[position]->count < (order - 1) / 2)
restore(current, position);
}

return result;

b

10.3.6.5. Cac ham phu trg

Gio ching ta da c6 thé két thiac qua trinh loai bd trong mot cAy B-tree bang
cach viét cac ham phu tro cho né. Ham remove_data loai mot phan t va nhanh
bén phai cia n6 khoi mot nit trong cdy B-tree. Ham nay dugce goi chi trong
truong hop khi mot phan tir duge loai khoi mot nat 14 cta cay.

template <class Record, int order>
void B_tree<Record, order>::remove_data(B_node<Record, order> *current,
int position)

/*

pre: current la dia chi nat 14 c¢6 entry tai vi tri position.

post: entry dugc loai khéi nut *current.

*/

{ o o _
for (int i = position; I < current->count - 1; i++)

current->data[i] = current->data[i + 1];

current->count--;

3+

Ham copy_in_predecessor duge goi khi mot phan ti cAn dugc loai ra khéi
mot nit khong phai niat 14. Trong truong hop nay, phan ti ngay ké trude (theo
thi tu cdc khéa) sé dugc tim bing cdch bit dau tir nhanh bén trdi cia né va di
xudng theo cic nhanh tan cung bén phai cia mdi nut cho dén khi gip nut 4.
Phan ti tan cung bén phai clia nit 14 nay sé thay thé phan ti can duge loai.
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template <class Record, int order>
void B_tree<Record, order>::copy_in_predecessor
(B_node<Record, order> *current, int position)
/*
pre: current la dia chi nit khong phai nit 14 trong B-tree va c6 entry la phan ti can loai
tai position.
post: entry dugc thay thé bdi phan ti diing ngay ké trude né trong thi tu ting dan cta khéa.
*/

{
B_node<Record, order> *leaf = current->branch[position]; // Di chuyén qua
nhénh trai dé tim phan ti ngay ké trudc entry.
while (leaf->branch[leaf->count] "= NULL)
leaf = leaf->branch[leaf->count]; // Xudng phan ti cuc phai ciia nhanh trai cia
current.
current->data[position] = leaf->data[leaf->count - 1];
}

Cudi cung, ching ta can chi ra cach khéi phuc lai s6 nat t6i thiéu cho nat duge
tham chiéu béi root->branch[position] néu nhu lan dé quy bén trong lam cho
né tré nén thiéu phan ti. Ham ching ta viét duéi day hoi thién vé bén trai,
nghia 13, tru6c hét né tim nat anh em ké bén trai dé xin b6t phan ti, va né chi
xét dén nut anh em ké bén phai khi nit ké bén trai khong thira phan ti. Céc
buéc thuc hién dugec minh hoa trong hinh 10.15.

v u
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Hinh 10.15 — Khéi phuc lai s6 phan ti t6i thiéu trong mot nit.
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template <class Record, int order>
void B_tree<Record, order>::restore(B_node<Record, order> *current,

/*

int position)

pre: current la dia chi mot nat khong phdi nat 14 trong B-tree;

current->branch[position] la dia chi nat dang bi thiéu mot phan ti.

post: Nt do current->branch[position] chi dén dugc khoi phuc lai cho di s6 phan ti toi

thiéu can cé.

uses: Cac ham move_ left, move right, combine.

*/
{

if (position == current->count)// Trudng hop khéng ¢6 nit anh em bén phai.
if (current->branch[position - 1]->count > (order - 1) /7 2)
move_right(current, position - 1);
else
combine(current, position);
else if (position == 0) // Truong hgp khong c6 nat anh em bén trai.
if (current->branch[1]->count > (order - 1) 7/ 2)
move_left(current, 1);
else
combine(current, 1);
else // Trudng hgp c6é nat anh em ca hai bén.
if (current->branch[position - 1]->count > (order - 1) /7 2)
move_right(current, position - 1);
else if (current->branch[position + 1]->count > (order - 1) / 2)
move_left(current, position + 1);
else
combine(current, position);

Cac hanh vi cta ba ham con lai move_left, move_right, va combine dugc

thé hién rat rd rang trong hinh 10.15.

template <class Record, int order>
void B_tree<Record, order>::move_left(B_node<Record, order> *current,

/*

int position)

pre: current la dia chi mot nit trong B-tree, nhénh con tai position cé nit goc c6 s6

phan tif nhiéu hon s phan tit t6i thiéu theo quy dinh, nhdnh con tai position—1 c6 nit
gbc dang thiéu 1 phan ti.

post: Mot phan ti cia *current di chuyén xuéng nit goc ciia nhanh con tai

*/
{

position—1, phan ti tai vi tri 0 trong nit goc clia nhanh tai position di chuyén lén
*current (cay con tai vi tri 0 cling nhu cdc phan tif con lai trong nit goc cia nhanh nay
s& dugc dich chuyén hogp 1y).

B_node<Record, order> *left_branch = current->branch[position - 1],
*right_branch = current->branch[position];
left_branch->data[left_branch->count] = current->data[position - 1];

// Lay mot entry tir nat cha *current.
left_branch->branch[++left_branch->count] = right_branch->branch[0];

// Giai quyét cho cay con tai vi tri 0 trong nh4dnh con bén phai: s6 phan ti trong nhédnh con
// bén trai ting thém 1 nén s6 cdy con ciing phai tang thém 1, dong thoi cach di chuyén nay
// van bdo ddm tht tu cdc khéa trong cay.
current->data[position - 1] = right _branch->data[0];

// Nt cha *current 14y mot entry ti nhanh con bén phaéi.
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right_branch->count--;
for (int i = 0; 1 < right_branch->count; i++) {
// Dich chuyén tat cd cac phan tii vé bén trai dé 14p chd trong.
right_branch->data[i] = right_branch->data[i + 1];
right_branch->branch[i] right_branch->branch[i + 1];

right_branch->branch[right_branch->count] =
right_branch->branch[right_branch->count + 1];

template <class Record, int order>
void B_tree<Record, order>::move_right(B_node<Record, order> *current,
int position)
/*
pre: current la dia chi mot nat trong B-tree, nhanh con tai position cé nit goc c6 so
phan ti nhiéu hon s phan ti t6i thiéu theo quy dinh, nhdnh con tai position+1 c6 nit
goc dang thiéu 1 phan ti.
post: Mot phan ti cia *current di chuyén xuéng nit goc ciia nhanh con tai
position+l. Phan ti c6 khéa 16n nhat (tai count-1) trong nit goc cia nhanh tai
position di chuyén lén *current (cay con bén phai ctia né dugc bd tri lai hop ly).
*/
{ _ L
B_node<Record, order> *right_branch = current->branch[position + 1],
*left_branch = current->branch[position];
right_branch->branch[right_branch->count + 1] =
right_branch->branch[right _branch->count];
for (int i = right_branch->count ; i > 0; 1--) {
// Di chuyén sang phai dé€ danh chd trong cho phan ti tit *current dua xudng.
right_branch->data[i] = right _branch->data[i - 1];
right_branch->branch[i] = right branch->branch[i - 1];
}
right_branch->count++;
right_branch->data[0] = current->data[position];
// Nhan entry tu nat cha *current.
right_branch->branch[0] = left_branch->branch[left_branch->count];

2

// B tri lai cay con thita § nhénh trai do s6 phan tif gidm b6t 1 (thd tu c4dc khéa trong

B-tree van bao dam).
left_branch->count--;
current->data[position] = left_branch->data[left_branch->count];

template <class Record, int order>
void B_tree<Record, order>::combine(B_node<Record, order> *current,
int position)

/*

pre: current chia dia chi mdt nat trong B-tree cé céc nit goc cia hai nhanh con tai
position va position — 1 can ghép (lai do khong di s6 phan tir d€ di chuyén qua lai
sao cho ca 2 niut van da s6 phan ti toi thiéu).

post: Hai nit goc cia hai nhanh tai position-1 va position duge ghép lai (phan ti tai vi tri
position-1 cia *current cing di chuyén xuéng nit nay dé bao dam ring so6 phan ti

trong *current gidm b6t 1 khi s6 nhéanh con gidm bét 1).
*/

{
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int i;
B_node<Record, order> *left_branch = current->branch[position - 1],
*right_branch = current->branch[position];
left_branch->data[left_branch->count] = current->data[position - 1];
left_branch->branch[++left_branch->count] = right _branch->branch[0];
for (i = 0; 1 < right_branch->count; i++) {
left_branch->data[left_branch->count] = right_branch->data[i];
left_branch->branch[++left_branch->count] =
right_branch->branch[i + 1];
}
current->count--;
for (i = position - 1; i < current->count; i++) {
current->data[i] = current->data[i + 1];
current->branch[i + 1] = current->branch[i + 2];

}
delete right_branch;

10.4. Cay do-den

10.4.1. Dan nhap

Trong phan truée, ching ta da st dung danh sach lién tuc dé chia c4dc phan tu
clia cay B-tree. Tuy nhién, néi mot cac tong quat, ching ta c6 thé dung bat ky
cdu tric c6 thd ty ndo d€ chda cdc phan tif trong mdi nit cta B-tree. Mot cay nhi
phan tim kiém nhé 14 mot lua chon t6t. Ching ta chi can chd ¥ phan biét cac con
tré bén trong mdi nut cia cidy B-tree (ndi cdc nut cua cdy nhi phan tim kiém)
v6i cdc con trd tif nat ndy dén nat khac cia B-tree. Chiung ta hiy vé cdc tham
chi€u bén trong mot nit bing cic dudng xoin mau dé va nhing con tré giiia
céc nut trong cdy B-tree bing cdc dudng thing mau den. Xem hinh 10.16.

T~

SUNC SN AN
2] [5][5%8] [E| [P [3] 5] 525

Hinh 10.16 — Cay B-tree bac 4 nhu mot cay tim kiém nhi phan.
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10.4.2. Dinh nghia va phéan tich

CA4u trac nay dic biét c6 ich d6i v6i cay B-tree bac 4 (hinh 10.16), trong dé
mdi nut clia cidy chita mot, hai hodc ba phan ti. Trudng hop mot nit c6 mot phan
tir thi tuong tu nhu trong ciy B-tree va ciy nhi phan tim kiém. Trudng hgp mot
nat c6 ba phan ti duge bién d6i nhu sau:

(A

—_— -

T Iy T; Ty T T3 T; T

Mot nit c¢6 hai phan tit c6 thé c6 hai biéu dién:

|.§| or
becomes .

_ = I Ty

T T Ty T Ty T, T

I3
[25]

Né&u mudn, ching ta chi can st dung mot trong hai cach biéu dién trén, nhung
khong c6 1y do gi dé lam diéu d6, ching ta sé thay rang céc gidi thuat cda ching
ta sé sinh ra c4 hai cach biéu dién nay mot cdch tu nhién. Nhu vay ching ta sé su
dung c& hai cach biéu dién cho cdc nit c6 hai phan ti trong cay B-tree.

Chiing ta c6 dinh nghia co bdn cho phin nay nhu sau: Mot cay dé-den (red-
black tree) 12 mot cAy nhi phan tim kiém, v6i cdc tham chiéu c6 mau d6 hoic den,
c6 dugc tir mdt cAy B-tree bac bon bang cach via dugec mo ta trén.

Sau khi chuyén d6i mot cay B-tree thanh cay d6 den, ching ta cé thé st dung né
tuong tu bat ky cdy nhi phan tim kiém nao. Viéc tim kiém va duyét cay dé den
hoan toan giong nhu do6i véi cAy nhi phan tim kiém; ching ta chi don gidn bd qua
cdc mau cha cic tham chiéu. Tuy nhién, viéc thém va loai phan t& doi hoéi
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nhiéu cong stc hon dé duy tri cdu tric cia mot cdy B-tree. Ching ta hay chuyén
do6i cdc yéu cau doi v6i cay B-tree thanh cac yéu ciu tuong tng doi v6i cay dé
den.

Truée hét, ching ta hay luu ¥ mot s6 diém: ching ta sé xem mbdi niat trong cay
dé den ciing ¢6 mau nhu mau cta tham chiéu dén né, nhu vay ching ta sé
goi cdc nut mau dé va cdc nut mau den thay vi goi cdc tham chiéu dé va cac tham
chiéu den. Bing cich nay, ching ta chi can gitt thém mot thong tin cho méi nut
dé chi ra mau cta né.

Do nit goc khong c6 tham chiéu dén né, né sé khéong cé6 mau. Dé lam don
gidn mot s6 giai thuat, ching ta quy uéc rang mit géc c6 mau den. Tuong
tu, ching ta sé xem tdt ca cdc cAy réng (tuong ing tham chiéu NULL) cé6 mau
den.

Theo diéu kién thit nhit trong dinh nghia clia cAy B-tree, moi ciy con rong
phéi thudc cing mic, nghia 1a moi dudong di tir goc dén mdi cay con rong sé di qua
cing mot s6 nit B-tree nhu nhau. Méi mit B-tree trong ciay dé den ludn cé
mot nat den, do cac con tré gilia cdc nit trong cdy B-tree dugc biéu dién bang
cac duong thing mau den. Pdi véi mit B-tree cé6 nhiéu hon mot nit thi
ngoai mot nut den, cac nit con lai phai c6 mau dé. Tu d6 ching ta c6 “diéu
kién den” nhu sau:

Moi duong di tiw géc dén mbi cdy con rong déu di qua cung mot sé nit den nhu
nhau.

Do cay B-tree thoa cdc dic tinh cua cay tim kiém, nén cay dé den ciing thda
dic tinh nay. Nhitng phan con lai trong dinh nghia dé6i véi cAy B-tree bac 4 néi
lén ridng mdi nat chia mot, hai hodc ba phan ti dif liéu. Ching ta cAn mot diéu
kién trén cay d6 den dé bdo ddm ring khi cdc nit trong cdy nay dugc gom lai
thanh cdc mit B-tree thi mdi nat B-tree c6 khong qué ba nat. Néu mot niit B-
tree c6 hai mit cia ciay do den, thi trong d6 sé ¢6 mot nat cha va mot nit con,
néu mot mit B-tree c6 ba nut cia cay d6 den, thi trong d6 sé c6 mot niat cha
va hai nit con (theo hinh vé cdc céch biéu dién trén). Nut cha trong ci hai truong
hop trén phai luon c¢6 mau den do tham chiéu dén né chinh 1a con tré giita cac
nut B-tree. Nhu vay, ching ta thay trong cdy dé den khong thé c6 mot nat dé
ma c6 nat cha mau dé. Vay “diéu kién d6” nhu sau day sé bdo ddm rang moi nt
B-tree trong ciy d6 den c6 khong qua ba nut:
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Néu mét nut c6 mau dé, thi nut cha cia né phdi ton tai va c6 mau den.

Do ching ta quy uéc nit géc c6 mau den nén diéu kién trén van théa.

Ching ta c6 thé tdng két lai ciac diéu phan tich trén day thanh mot dinh
nghia hinh thic cho cdy dé den nhu sau (va ching ta khong can nhic dén cay
B-tree nita khi néi dén cay doé den):

Dinh nghia: Mot cay dé den la mot cay tim kiém nhi phan, trong d6 mdi nit cé

mau dé ho#c den, thda cac diéu kién sau:

1. Moi dudng di ti nat géc dén mdi cAy con rong (tham chiéu NULL) déu di qua
cung mot s6 nit den nhu nhau.

2. Néu mot nit ¢6 mau dé thi nat cha ciia né phai ton tai va cé6 mau den.

DPinh nghia nay dan dén mot diéu 1a trong cay d6 den khong c6 mot dudng di
nao ti goc dén mot cay con réong cé thé dai hon gap doi mot duong di khéc, bdi vi,
theo diéu kién den, s6 nit den cla tdt ca cidc dudng di nay phai bing nhau, va
theo diéu kién d6 thi s& nat dé6 phai nhé hon hay bing s6 nit den. Do dé, ta cé
dinh ly sau:

,

Dinh ly: Chiéu cao clia mot cay d6 den n nit khong 16n hon 2 Ig n.

Thoi gian tim kiém trong mot cidy d6 den c¢6 n nat 1a O(log n) trong moi
truong hop. Ching ta ciing sé thay rang thoi gian thém nat méi ciing 1a O(log n),
nhung trude hét ching ta can phat trién giai thuat truéc.

Ching ta nhé lai trong phan 10.4, cdy AVL, trong trudng hop x4u nhat, cé
chiéu cao bing 1.44 lg n, va trong truong hop trung binh, c6 chiéu cao thap hon.
Su khéc nhau vé chiéu cao lién quan dén sé nut cia hai cay nay 1a do cay dé den
khong can bang tét bing cady AVL. Tuy nhién, diéu nay khong c6 nghia 1a céc
thao tdc dit liéu trén cay doé den nhat thiét phai cham hon cay AVL, do cay AVL
c6 thé can dén nhiéu phép quay dé duy tri su can bang hon nhiing gi ma cay dé
den can dén.

10.4.3. Pac ta cay do den

Pé dac td mot 16p C++ nhim biéu dién cho cdc d6i tuong cha cay dé den,
ching ta can khdo sat mot vai tdc vu trén ching. Ching ta cé thé hién thuc cay
d6 den nhu la cay B-tree ma cdc nit ctia né chita cdc cdy tim kiém thay vi céc
danh séch lién tuc. Cach ti€p can nay budc ching ta phai viét lai nhiéu phuong
thic va ham phu trg da c6 d6i véi cay B-tree, do phién ban truéc day cla
B-tree lién quan chét ché dén hién thuc lién tuc cha cdc phan ti trong mdi nut.
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Vi thé& ching ta sé dé xuat mot hién thuc 16p cay dé den thia ké cac dic tinh cia
16p cay tim kiém trong phan 10.2.

Chung ta bat dau bang c4ach thém thudc tinh mau vao méi nit cia cay dé den:

enum Color {red, black};

template <class Record>

struct RB _node: public Binary node<Record> {
Color color;
RB_node(const Record &new_entry) { color = red; data = new_entry;

left = right = NULL; }

RB_node() { color red; left = right = NULL; }
void set_color(Color ¢c) { color =c; }
Color get _color() const { return color; }

Dé thuan tién, ching ta st dung cdc dinh nghia trong dong (inline definition)
cho cac contructor va mot s6 phuong thuc khac cia RB_node. C4u triac struct
RB_node rat giong véi cdu tric struct AVL_node dung trong ciy AVL trudc kia
trong phan 10.4: su khdc nhau duy nhat chi 1a thudc tinh mau thay cho thudc
tinh can bang.

Dé c6 thé goi cac phuong thiic get_color va set_color thong qua cic con
tré chi dén Binary_node, ching ta can b6 sung cdc ham do tuong lng trong

struct Binary_node, tuong tu nhu ching ta da lam khi xay dung cady AVL.

C4u trac cta Binary node da stta d6i nhu sau:

template <class Entry>
struct Binary node {
Entry data;
Binary_ node<Entry> *left;
Binary node<Entry> *right;
virtual Color get _color() const { return red; }
virtual void set color(Color ¢c) { }
Binary_node() { left
Binary node(const Entry &x) { data

right = NULL; }
x; left = right = NULL; }

Bing céch stia d6i nhu vay, ching ta da c6 thé st dung lai moi phuong thic va
ham x 1y cho cdy nhi phan tim ki€m va cdc ndt ctia né. Viée tim kiém va duyét
trén cay do den tuong tu nhu déi v6i cady nhi phan tim kiém.

Ching ta sé viét phuong thic thém phan ti vao cay dé den sao cho né van giit
dugc tinh ch4t cta cay dé den sau khi thém vao.

template <class Record>
class RB_tree: public Search_tree<Record> {
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public:
Error_code insert(const Record & new_entry);

private: // Cac ham phu tro.
};

10.4.4. Thém phan td

Ching ta hay bat dau tu gidi thuat dé quy chuin d6i v6i viéc thém vao mot
cdy tim kiém nhi phan. Nghia 13, ching ta sé& so sanh khéa mdéi cua target véi
khéa ctua goc, néu cay khong rong, va sau d6 thém dé quy nat méi vao cay con
trai hodc cAy con phai clia goc. Qué trinh nay két thic khi ching ta gidp mot cay

con rong, tai dé ching ta s& tao mot nat méi.
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Hinh 10.17 — Khoi phuc cdc diéu kién dd va den.

Nut méi nay nén 1a mau d6 hay 1a mau den? Néu cho né mau den, chung ta da
lam ting s6 nit den trén duong di ti goc dén né, va vi pham diéu kién den. Vay
nat mdi phéi ¢6 mau dé6. Nhu vay khi thém mot nut méi vao ciy do den thi
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né luén c6 mau dé. Néu nit cha clia nat méi nay c6 mau den, viéc thém vao két
thic. Nguoc lai, diéu kién dé bi vi pham, va diéu vi pham nay can phai dugc gidi
quyét. Chung ta s& phan tich cédc trudng hop va sé xit 1y riéng ré cho ching.

Giai thuat cha ching ta kha 1a don gidan néu ching ta khong xem xét cac
trudng hgp nay ngay lap tic ma tri hoan ching lai trong chiing muc c6 thé. Khi
tao mot nat doé, ching ta sé khong co ging diéu chinh lai cay ngay, thay vao dé,
ching ta chi don gidn tra vé mot chi s6 trang thai cho biét nit via xi 1y xong cé
mau do.

Khi mot 1an goi dé quy két thic, chi s6 trang thai nay duge géi ngugc vé lan
dé quy da goi né, viéc xit 1y s& dugc thuc hién ¢ nut cha. Néu nit cha ¢6 mau den,
c4c diéu kién clia cay dé den khong bi vi pham, qué trinh xt 1y két thdc. Néu nit
cha c6 mau dé, ching ta ciing s& khong gidi quyét ngay, ma mot 1an nifa lai gan
chi s6 trang thai cho biét vira c6 hai nit mau d6. Lan dé quy bén trén tai nat éng
s& nhan dugc chi s6 trang thdi nay, c6 kem thém thong tin cho biét hai nit mau
dé vira rdi thudc cay con trai hay cay con phai cta né.

Sau khi cdc 1an dé quy tra vé dén nut o6ng, viéc xtt 1y sé dugc tién hanh tai
day. Chiung ta biét ring niat 6ng luén cé6 mau den, do trude khi xudt hién nit con
mau d8, cAc mau ctia nut cha va nat 6ng phai théa diéu kién cha cay dé den, ma
nat cha dé thi nat 6ng phai den. Quy uéc nut goc mau den c6 1oi trong truong hop
nay, vi néu nit cha mau dé, thi né khong thé 1a nit goe. Khi qua trinh xit 1y lan
truyén vé tan goc thi nit ong phai ludn ludn ton tai.

Cudi cung, tai 1an dé quy ctia niat ong, ching ta c6 thé bién déi cay dé khoi
phuc lai cac diéu kién d6 den. Ching ta chi cAn xem xét trudng hop hai nat dé
thudc cdy con trai cia nat 6ng. Trudng hop nguge lai chi 1a d6i xing. Chiung ta
can phan biét hai trudng hop tuong ng v6i mau ctia nit con con lai cia nat ong,
nghia 1a niat cha cda nat dé méi xuat hién.

Trudc tién, gia si nat chi ¢6 mau den. Truong hgp nay c6 gop ca truong hop
nat chd rong, do quy udc ciy con rong cé6 mau den. Cac dic tinh cta cay doé den
sé dugc khoi phuc nho mot phép quay don hay mot phép quay kép qua phai, nhu
hai phan dau ctia hinh 10.17. Trong cd hai so d6 nay, phép quay, kéo theo su thay
déi cac mau niat tuong Gng, sé loai dudge su vi pham diéu kién d6, déong thoi bao
toan diéu kién den do khong lam thay d6i s6 nat den trong bat ky dudng di nao
tir goc dén cac nat 14.

Gio ching ta gid st nat chd ¢6 mau dé, nhu hai phan bén du6i cia hinh 10.17.
Viéc bién déi rat don gidn: khong c6 phép quay nao xay ra, chi c¢6 su thay déi céc
mau. Nt cha va nit chia tré thanh mau den, nit 6ng tré thanh mau dé. Diéu kién
dé van bdo ddm khi xét moéi quan hé gilta nat 6ng va nuat cha, nat cha; gitta nit
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cha va nat con mau d6 méi xudt hién bén dudi. Piéu kién den khong bi vi pham
do sb nut den trong céc dudng di doc theo cay khong hé thay déi. Tuy nhién, khi
nit ong vira duge bién d6i thanh mau d6, diéu kién d6 c6 thé bi vi pham khi xét
moi quan hé véi nat cha cta niat nay. Qua trinh xit 1y chua thé cham dit. Méic du
vay, ching ta c6 thé thay ring nit 6ng vira duge ddi sang mau dé hoan toan giong
v6i truong hop mot nat dé méi xuat hién ldc truée. Vay ching ta chi can dé lai
cho cac lan goi dé quy bén trén xi 1y tai cdc nit bén trén niia trong cay, bing
cach lai cho chi s6 trang th4i vé lai trudng hop c6 mot nit dé6 méi xuat hién. Nhu
vay qud trinh x{ 1y khi diéu kién d6 bi vi pham dugc lan truyén doc 1én phia trén
clia cdy. Qud trinh nay c6 thé két thidc tai mdt nat nao d6, hodc c6 thé lan truyén
lén tan goc. Va khi nat goc can duge d6i sang mau dé, thi chuong trinh ngoai
cung chi can d8i niat nay thanh mau den cho ding quy uéc. Piéu nay ciing khong
vi pham diéu kién den, do né lam cho s6 nit den trong tat ca céc duong di doc
theo cay tang thém mot don vi. Va day ciing chinh 12 truong hop duy nhat lam
cho s6 nut den trong cdc duong di nay tang lén.

10.4.5. Phuong thuc thém vao. Hién thuc

Ching ta s& chuyén gidi thuat trén thanh chuong trinh C++. Ciing nhu moi
khi, phan 16n cong viéc déu dugc thuc hién bsi ham dé quy, phuong thic insert
chi can déi nat goc thanh mau den khi can va kiém tra 16i. Phan quan trong nhat
clia gidi thuat thém phan ti vao cay dé den 1a ndm gitt dudc chi s6 trang thai moi
khi c6 mot 1an dé quy két thic. Ching ta can mot kiéu liét ké méi dé phan biét
cac trang thai:

enum RB_code {okay, red_node, left_red, right _red, duplicate};
/* Céac gia tri trang thai ma mot 1an dé quy can chudn bi trude khi két thic dé tra vé cho 1an dé
quy bén trén nhu sau (gia st goi nit dang duge xit 1y trong 1an dé quy hién tai 1a *current):

okay: Mau ctia *current khong cé su thay d6i nao.

red_node: Mau ctia *current via chuyén tif den sang d6. Lan dé quy bén trén khi nhan dugc
thong tin nay can xem xét dé xu 1y.

right_red: Mau ctia *current va nit con phai ctia né déu 1a dé, c6 su vi pham diéu kién do.
Lan dé quy bén trén khi nhan dugc thong tin nay can thuc hién phép quay hodc ddi
mau can thiét.

left_red: Mau cta *current va nit con trai ctia né déu 1a do, cé su vi pham diéu kién dé.
Lan dé quy bén trén khi nhan dugc thong tin nay can thuc hién phép quay hodc ddi
mau can thiét.

duplicate: Phan tif cAn thém vao cay da c6 trong cay.
*/

template <class Record>
Error_code RB_tree<Record>::insert(const Record &new_entry)
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/*

post: Néu khéa trong new_entry da cé trong RB_tree, phuong thic tra vé
duplicate_error. Ngugc lai, phuong thic tra vé success va new_entry dugc thém
vao cay sao cho cay van théa cay RB-tree.

uses: Cac phuong thic cia struct RB_node va ham dé quy rb_insert.
*/

RB_code status = rb_insert(root, new_entry);
switch (status) {
case red_node:
root->set_color(black);
case okay:
return success;
case duplicate:
return duplicate_error;
case right_red:
case left_red:
cout << "WARNING: Program error detected in RB_tree::insert” <<
endl;
return internal_error;

Ham dé quy rb_insert thuc hién thuc su viéc thém phan tir méi vao cay: tim
kiém trong cay theo cich thong thudng, géip ciy con réong, thém nit méi vao tai
day, cac viéc con lai dugc thuc hién trén dudong quay vé cta cic lan goi dé quy.
Ham nay c6 goi modify left hoic modify right dé thuc hién cac phép quay
va d6i mau tuong Gng véi cac trudong hgp trong hinh 10.17.

template <class Record>
RB_code RB_tree<Record>::rb_insert(Binary_node<Record> *&current,
const Record &new_entry)

/*

pre: current la NULL hodc 1a dia chi chia nit goc clia mot cAy con trong RB_tree.

post: Néu khéa trong new_entry da cé trong RB_tree, phuong thic tra vé
duplicate_error. Ngugc lai, phuong thic tra vé success va new_entry dugc thém
vao cay con c6 goc 1a current. Tinh chat cay dé den trong ciy con nay van thoda ngoai
trit mau tai nat goc clia né va mot trong hai nit con chia nit goc nay. Trang thai nay sé
dugc ham modify_right hoic modify left diéu chinh thich hop (tuong tng céc tri cia
RB_code) dé tra vé cho lan dé quy bén trén cia lan goi rb_insert nay.

uses: Cac phuong thie cia 16p RB_node, cdc ham rb_insert (mot cach dé quy),

modify left, va modify_right.
*/

RB_code status,
child_status;
if (current == NULL) {
current = new RB_node<Record>(new_entry);
status = red_node;

}

else if (new_entry == current->data)
return duplicate;
else if (new_entry < current->data) {
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child_status = rb_insert(current->left, new_entry);
status = modify_left(current, child _status);

}

else {
child_status = rb_insert(current->right, new_entry);
status = modify_right(current, child_status);

}

return status;

Ham modify_left dua vao trang thdi cia cac niat con dé thuc hién phép quay
hay sta d6i mau tuong tng, dong thoi cap nhat lai va trd vé chi s§ trang thai cho
rb_insert. Chinh trong ham nay ching ta quyét dinh tri hoan cong viéc khoi
phuc céc dic tinh cia cay d6 den. Khi modify_ left dugc goi, ching ta biét rang
viéc thém vao vira duge thuc hién trong ciy con bén trai ctia nat hién tai, biét
duge mau cta nat hién tai, va thong qua chi s6 trang thai, ching ta con biét dugc
trudng hop nao da xdy ra ¢ cay con trai ctia né. Bing cach st dung cdc thong tin
nay, ching ta cé thé xiac dinh chinh xdc nhiing viéc can lam dé khéi phuc cac dac
tinh cua ciy d6 den.

template <class Record>
RB_code RB_tree<Record>::modify left(Binary_node<Record> *&current,
RB_code &child_status)
/*
pre: Cay con bén trai cia current via dugec thém nat mdi, tri trong child_status sé quyét
dinh viéc x{t 1y ké tiép trong ham nay.
post: Viéc d6i mau hodc quay can thiét da dugc thuc hién, trang théi thich hop dugc trad vé béi
ham nay.
uses: Cac phuong thic cia struct RB_node, ciac ham rotate right,
double_rotate right, va flip_color.
*/
{
RB_code status = okay;
Binary_node<Record> *aunt = current->right;
Color aunt_color = black;
if (aunt !'= NULL) aunt_color = aunt->get_color();
switch (child_status) {
case okay:
break; // Viéc xily da két thic va khong cin lan truyén lén trén nita.
case red_node:

if (current->get _color() == red)
status = left _red;
else
status = okay;// current mau den, nit con trdi mau dé, da théa cay
RB-tree.
break;
case left_red:
if (aunt_color == black) status = rotate_right(current);
else status = Flip_color(current);
break;
case right_red:
if (aunt_color == black) status = double_rotate_right(current);
else status = Fflip_color(current);
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break;

}

return status;

3

Ham phu trg modify_right ciing tuong tu, né xi 1y cho cac tinh hudng cay c6
dang nhu nhitng hinh dnh phan chiéu qua guong cta cac tinh hudng trong hinh
10.17. Ham d6i mau flip_color dugc xem nhu bai tdp. Cac ham quay dua trén
co s6 cdc ham quay ctua cdy AVL, c6 thém viéc gan lai cdc mau va chi s6 trang
thai thich hop.

10.4.6. Loai mot nut

Ciing nhu cay B-tree, viéc loai b mot nat phdc tap hon viéc thém vao, d6i
v6i cay d6 den, viéc loai nit con khé kh#an hon rat nhiéu. Viéc thém vao tao ra
mot nit méi mau dé6 dan dén nguy co vi pham diéu kién d6, ching ta caAn xem xét
mot cidch cdn than dé gidi quyét cdc vi pham nay. Viéc loai mot niat dé ra khéi
cay khong khé 1am. Tuy nhién, viéc loai modt nat den khéi cay dan dén nguy co vi
pham diéu kién den, va né doi héi ching ta phai xem xét rat nhiéu trudng hop
dac biét dé€ khoi phuc diéu kién den cho cay.
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