Chuong 4 — Danh sdch

Chuong 4- DANH SACH

Ching ta da 1am quen véi cdc danh sach han ché& nhu ngin xép va hang, trong
d6 viec thém/ b6t dir lieu chi thuc hién & cac dau cia danh sich. Trong chuong
nay ching ta tim hiéu cdc danh sach thong thudng hon ma trong d6 viéc thém,
loai hodc truy xuat phan ti c6 thé thuc hién tai bat ky vi tri ndo trong danh sach.

4_1. Dinh nghia danh sach

Ching ta bat dau bang viéc dinh nghia kiéu cau tric dif liéu triiu tugng goi la
danh séach (list). Ciing giéng nhu ngan xé&p va hang, danh sach bao gdbm mot chudi
ndi tiép cac phan ti dit liéu. Tuy nhién, khac v6i ngin xép va hang, danh sach
cho phép thao tdc trén moi phan ti.

Dinh nghia: Danh sich cac phan ti kiéu T 1a mot chudi néi tiép hiu han céc
phan ti kiéu T cung cédc tac vu sau:
1. Tao mot danh sach rong.

. X4c dinh danh sich c¢6 rong hay khong.
. Xac dinh danh sach c6 day hay chua.
. Tim s6 phan ti ctia danh séch.
. Lam roéng danh sach.
. Thém phan ti vao mot vi tri ndo d6 ctia danh séch.
. Loai phan ti tai mot vi tri nao d6 cia danh sach.
. Truy xudt phan ti tai mot vi tri nao d6 cha danh sach.

. Thay thé& phan ti tai mot vi tri nao d6 cia danh sach.
10. Duyét danh sach, thuc hién mot cong viéc cho truéc trén méi phan ti.

© 0 00 Otk W

Ngoai ra con mot sd tac vu khéc c6 thé ap 1én mot chudi noi ti€p céc phan tu.
Chiing ta cé thé xay dung rat nhiéu dang khac nhau cho cac kiéu cdu tric dir lidu
triiu tuong tuong tu bang cach st dung céc géi tdc vu khac nhau. Bat ky mot trong
c4dc dang nay déu c6 thé duge dinh nghia cho tén goi CTDL danh sich. Tuy nhién,
ching ta chi tap trung vao mot danh sach cu thé ma céc tac vu clia né c6 thé duge
xem nhu mot khuén mau dé minh hoa ¥ tuéng va cidc van dé can gidi quyét trén
danh sach.

4.2. Pic ta cac phuong thic cho danh sach

Khi bit ddu tim hiéu ngin xép, ching ta nhan manh viéc che diu thong tin
bang cach phan biét giita viéc sif dung ngén xép va viéc 1ap trinh cho céc tic vu
trén ngin xép. Poi v6i hang, ching ta ti€p tuc y tudng nay va da nhanh chéng
tim dugc rat nhiéu cich hién thuc c6 thé c6. Cac danh sich thong dung cho phép
truy xudt va thay déi bat ky phan ti nao. Do d6 nguyén tic che d4u thong tin doi
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v6i danh sich cang quan trong hon nhiéu so véi ngin xép va hang. Ching ta hay
dac ta cho cac tac vu trén danh sach:

Constructor can cé truéc khi danh sach duge st dung:

template <class Entry>
List<Entry>::List();

post: doi tugng danh sich réng da duge tao.

Téc vu thue hién trén mot danh sach da c6 va lam rong danh sach:

template <class Entry>
void List<Entry>::clear();

post: Moi phan tif clia danh sach da dugc gidi phéng, danh sach tré nén rong.

Cac tac vu xdc dinh trang thai caa danh sach:

template <class Entry>
bool List<Entry>::empty() const;

post: tra vé true néu danh sach réng, nguoc lai tra vé false. Danh sach khong déi.

template <class Entry>
bool List<Entry>::full() const;

post: trd vé true néu danh siach diy, nguogc lai tra vé false. Danh sich khong déi.

template <class Entry>
int List<Entry>::size() const;

post: tra vé sd phan ti cia danh sach. Danh sich khong déi.

Ching ta xem xét ti€p céc tdc vu truy xudt cdc phan ti cia danh sich. Tuong
tu nhu ddi v6i ngan x&p va hang, céc tdc vu nay sé trad vé ErrorCode khi can
thiét.

Ching ta dung mot s6 nguyén dé chi vi tri (position) cia phan ti trong danh
sach. Vi tri & day dugc hiéu 1a thid tu cta phan ti trong danh sich. Cac vi tri
trong danh sich dugc danh s6 0, 1, 2, ...Viéc xac dinh mot phan ti trong danh
sach thong qua vi tri rat giong véi su st dung chi s6 trong diy, tuy nhién van cé
mot s6 diém khéac nhau quan trong. Néu ching ta thém mot phan ti vao mot vi
tri ndo d6 trong danh séch thi vi tri clia tat ca céc phan ti phia sau sé ting lén 1.
Né&u loai mdt phan ti thi vi tri cdc phan ti phia sau gidm 1. Vi tri cla cdc phan
ti trong danh siach duge xdc dinh khong xét dén cach hién thuc. Péi véi danh
sach lién tuc, hién thuc bang day, vi tri phan ti ré rang 1a chi s6 cta phan ti
trong day. Nhung ching ta cling vAn thong qua vi tri d&é tim cac phan ti trong
danh séch lién két du rang danh sich lién két khong c6 chi so.
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Ching ta sé dic td chinh x4c cac phuong thiic lién quan dén chi mot phan ti
cia danh sach dudi day.

template <class Entry>
ErrorCode List<Entry>::insert(int position, const Entry &x);

post: Néu danh sach chua day va O < position < n, nla sd phan ti hién c6 ciia danh sach,
phuong thic trd vé success: moi phan ti ti position dén cudi danh sach sé c6 vi tri
tang 1én 1, x dugc thém vao tai position; ngudc lai, danh sach khong déi, ErrorCode sé&
cho biét 16i cu thé.

Phuong thic insert chdp nhan position bing n vi né chdp nhan thém phan
t méi ngay sau phan ti cudi. Tuy nhién, cdc phuong thic sau chi chdp nhén
position<n, vi ching chi thuc hién trén nhiing phan ti da c6 sin.

template <class Entry>
ErrorCode List<Entry>::remove(int position, Entry &x);

post: Néu 0 < position < n, n la sé phan ti hién c6 clia danh sach, phuong thic tra vé
success: phan ti tai position dugc loai khéi danh séch, tri ctia né duge chép vao x, cac
phan tif phia sau gidm vi tri b6t 1; ngugc lai, danh sach khong déi, ErrorCode sé cho biét
16i cu thé.

template <class Entry>
ErrorCode List<Entry>::retrieve(int position, Entry &x) const;

post: Né&u 0 < position < n, nlasd phan ti hién cé cia danh sach, phuong thic tra vé
success: phan ti tai position duge chép vao x, danh siach khong d6i; ngugc lai,
ErrorCode sé& cho biét 16i cu thé. C4 hai truong hop danh sach déu khong déi.

template <class Entry>
ErrorCode List<Entry>::replace(int position, const Entry &x);

post: Néu 0 < position < n, nla sé phan ti hién c6 cia danh siach, phuong thic tra vé
success: phan tii tai position duge thay thé bdi x; ngugc lai, danh sach khong déi,
ErrorCode sé& cho biét 15i cu thé.

Phuong thic duyét danh sach dé thuc hién mot nhiém vu nao dé cho ting
phan tif cia danh sach thudng té ra cé lgi, dic biét cho muc dich kiém tra. Nguoi
st dung goi phuong thic nay khi muén thuc hién mot cong viéc gi dé trén ting
phan ti clia danh sach. Chang han, ngudi st dung c6 hai ham

void update(List_Entry &x) va void modify(List_Entry &x),

va mot doi tugng the list cha 16p List, c¢6 thé st dung lénh

the_list.traverse(update) hodc the_list.traverse(modify)
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dé thuc hién mot trong hai ham trén 1én mdi phan ti ciia danh sach. Néu nguoi
stt dung muén in moi phan ti cia danh séch thi goi nhu sau:

the_list.traverse(print)
v6i void print(Entry &x) la mot ham dung dé in mot phan ti cha danh séch.

Khi goi phuong thic traverse, nguvi st dung géi tén cia ham lam thong sé.
Trong C++, tén clia ham ma khong c6 céip d4du ngosc chinh 1a con tré chi dén ham. Thong s6 hinh
thic visit duéi day cia phuong thic traverse can duge khai bdo nhu mot con tré chi dén ham.
Ngoai ra, khai bdo con tré ham lam théng sé phai cé kiéu tra vé la void va c6 théong sé tham
chiéu dén Entry.

template <class Entry>
void List<Entry>::traverse(void(*visit)(Entry &x));

post: Cong viéc dic td béi ham *visit dugc thuc hién 1an lugt trén ting phan ti ctia danh séach,
bat dau ti phan ti tha 0.

Ciing giong nhu moi thong s6 khéac, visit chi 14 tén hinh thdc va chi dugce
gan béi mot con trd thuc sy khi traverse bat diu thuc thi. Biéu dién *visit
thay mit cho ham sé dugc st dung dé€ xi 1y cho tiing phin ti cla danh sach khi
traverse thuc thi.

Trong phan ké& tiép ching ta sé hién thuc cdc phuong thic nay.

4_3. Hién thuc danh sach

Ching ta da dic ta day da cdc tdc vu mong mudn doi véi danh sach. Phan nay
sé& hién thuc chi tiét ching trong C++. Ngan xép va hang da dugc hién thuc ca
hai dang lién tuc va lién két. Ching ta ciing sé lam tuong tu cho danh séch.

4_.3.1. Hién thuc danh sach lién tuc

Trong hién thuc danh sach lién tuc (contiguous list), cdc phan ti cta danh
sach c6 kiéu la Entry dugc chda trong day kich thuée 1a max_list. Ciing giong
nhu hién thuc ngian xép lién tuc, § day ching ta cAn mot bién count dém s6é phan
ti hién c6 trong danh sach. Sau day la dinh nghia 16p List c6 hai thudc tinh
thanh phan va tat cd cac phuong thic ma ching ta da dic ta.

template <class Entry>
class List {
public:
// Cac phuong thic cta kiéu dit liéu tritu tugng danh sach
List(Q);
int size() const;
bool full() const;
bool empty() const;
void clear();
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void traverse(void (*visit)(Entry &));

ErrorCode retrieve(int position, Entry &x) const;
ErrorCode replace(int position, const Entry &x);
ErrorCode remove(int position, Entry &x);
ErrorCode insert(int position, const Entry &x);

protected:

// Cac thuoc tinh cho hién thuc danh sach lién tuc
int count;
Entry entry[max_list];

¥

HAu hét cac phuong thic (List, clear, empty, full, size, retrieve)
rat dé hién thuc.

template <class Entry>

int List<Entry>::size() const

/*

post: tra vé s6 phan ti clia danh sach. Danh sich khong dai.
*/

{

}

return count;

Ching ta danh cdc phuong thic don gian khéc lai cho phan bai tap. 0 day
ching ta sé tap trung vao cac phuong thic truy xudt dif lieu. Khi thém mot phan
tif m6i, cac phan ti trong day phai dugc di chuyén dé nhuong chd.

template <class Entry>

ErrorCode List<Entry>::insert(int position, const Entry &x)

/*

post: Néu danh sdch chua day va 0 < position < n, nla s6 phan ti hién c6 clia danh sach,
phuong thic trd vé success: moi phan ti tif position dén cudi danh sach sé c6 vi tri
tang 1én 1, x dugc thém vao tai position; ngudc lai, danh sach khong déi, ErrorCode sé
cho biét 16i cu thé.

*/

it (FullQ)
return overflow;

if (position < 0 |] position > count)
return range_error;

for (int i = count - 1; i >= position; i--)
entry[i + 1] = entry[i];

entry[position] = x;

count++;

return success;

C6 bao nhiéu cong viéc ma ham trén can phdi lam? Né&u phan ti méi dugc
thém vao cudi danh sdch thi ham chi phai thuc hién mot s6 khong déi cdc lénh.
Trong truong hop nguge lai, néu phan ti dugec thém vao dau danh sach, ham sé
phai dich chuyén mot s6 phan tir 16n nhat dé tao chd trong, néu danh sich da
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kha dai thi cong viéc can lam rat nhiéu. Xét binh quan, néu ching ta gid s moi
vi tri trong danh sach déu c6 kha niang thém phin t& méi nhu nhau, ham trén sé
phai dich chuyén mot nita s6 phan tit trong danh sach. Ching ta néi ring sé viéc
can lam trong ham ti 1é vé6i chiéu dai n cta danh séch.

Tuong tu, viéc loai phan ti trong danh sach ciing can phai dich chuyén céc
phan ti dé 14p chd trong va viéc loai nay ciing ton thoi gian ti 1& véi chiéu dai n
cua danh sach.

Khéc vé6i hai truong hop trén, hau hét cac phuong thic con lai khong can thuc
hién vong lap nao va thoi gian thuc hién 1a hing s6. Tém lai,

Trong xt ly danh séch lién tuc c6 n phan ti:
e insert va remove can thoi gian ti 1é véi n.
e List, clear, empty, full, size, replace va retrieve thuc hién
trong thoi gian khong doi.

Ching ta chua ké ra day phuong thic traverse vi thoi gian thuc hién con
phu thudc vao thong s6 ham visit. Riéng traverse thi it nhat ciing can thoi gian
ti 1& v6i n do phai c6 vong lip dé duyét qua hét cdc phan ti cia danh sach. Tuy
nhién, v6i cuing mot ham visit thi traverse can thoi gian ti 1é véi n.

template <class Entry>

void List<Entry>::traverse(void (*visit)(Entry &))

/*

post: Cong viéc dic ta béi ham *visit duge thuc hién 1an lugt trén tiing phan ti cia danh sach,
bat dau ti phan ti tha 0.

*/

{

for (int i = 0; 1 < count; i++)

Cvisit)(entry[i]);

}

4_.3.2.Hién thuc danh sach lién két don gian

4.3.2.1. Cac khai bao

Dé hién thuc danh sach lién két (linked list), ching ta bat diau véi khai bdo
Node. Node dudi day ciing tuong tu nhu trong ngin xé&p lién két va hang lién
két.

template <class Entry>
struct Node {

// Céac thudc tinh

Entry entry;

Node<Entry> *next;
// constructors

Node();

Node(Entry item, Node<Entry> *link = NULL);
}:

template <class Entry>
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class List {
public:
// Céac phuong thic cta danh séch lién két (ciing giong nhu cia danh sach lién tuc)
// Céc phuong thic bdo ddm tinh an toan cho CTDL c6 chia thudc tinh con tré.
~List(Q);
List(const List<Entry> &copy);
void operator =(const List<Entry> &copy);
protected:
// Céc thuoc tinh cho hién thuc lién két cta danh sach
int count;

Node<Entry> *head; // Con tré chi phan tir dau ctia danh sach.

// The following auxiliary function is used to locate list positions
Node<Entry> *set_position(int position) const;

3

Trong dinh nghia trén ching ta khong liét ké lai cac phuong thic caa danh
sach lién két vi ching ciing tuong tu nhu déi v6i danh séach lién tuc. Trong phan
protected ching ta c6 b6 sung phuong thic set_position ma ching ta sé thay
ich 1gi cua n6 trong khi hién thuc cac phuong thic public khac.

4.3.2.2. Vidu

Hinh 4.1 minh hoa viéc thém b6t dir liéu trong danh sach qua mot vi du sta
déi van ban. Mbi phan ti trong danh sach chda mot tir va mot tham chiéu dén
phan ti k&. Hinh a 13 danh sich chia cau ban dau la “Stacks are lists” . Néu
ching ta thém tir “simple” trude tir “lists” ching ta c6 danh sach nhu hinh b. Tiép
theo ching ta quyét dinh thay thé tir “lists” bdi tit “structures” va thém ba tir “but
important data” thi c6 hinh c. Cudi cung ching ta lai quyét dinh bé di cac tur
“simple but” dé€ c6 dugc cau cudi cung “Stacks are important data structures”.

4.3.2.3. Tim dén mot vi tri trong danh sach

Chung ta thiét k& mot ham set_position dé dugc goi trong mot vai phuong
thic. Ham nay nhan théng s6 1la position (mdt s6 nguyén chi vi tri phan ti
trong danh sdch) va trd vé con tré tham chiéu dén phan ti tuong ing trong danh
sach.
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Hinh 4.1- C4c thao tac trén danh séach lién két.

Néu ngudi st dung nhin thay dugc set_position thi ho sé c6 thé truy xuat
dén moi phan ti trong danh sach. Vi vay, dé duy tri tinh déng kin cta di liéu,
chiing ta s& khong cho phép nguvi st dung nhin thdy ham set_position. Bing
cach khai bao protected ching ta bdo ddm riang ham nay chi dugc goi trong cac
phuong thic khac caa danh sach.

Céach dé nhat dé xay dung ham set_position la bit dau duyét tu dau clha
danh sdch cho dén phan ti ma ching ta mudn tim.

template <class Entry>
Node<Entry> *List<Entry>::set position(int position) const
/*
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Pre: position phai hgplé; 0 <= position < count.
Post: tra vé dia chi ctia phan ti tai position.
*/
{
Node<Entry> *gq = head;
for (int i = 0; 1 < position; i++) q = g->next;
return q;

Do ching ta nidm dugec chinh xdc cdc phuong thic ndo cidn goi dén
set_position, trong ham nay ching ta khong cin kiém tra 16i. Thay vao dé
chiing ta bdo ddm bang precondition cho né. Cé nghia 1a cdc phuong thic truéc
khi goi set_position sé kiém tra truée va chi goi khi diéu kién hgp 1é. Viéc
kiém tra s& khong phai lip lai trong ham nay, chuong trinh sé hiéu qua hon.

Né&u moi phan ti dugc truy xudt véi xdc sudt ngang nhau thi trung binh ham
set_position sé& phai duyét qua mot niia s6 phan ti trong danh sach dé dén
dugc vi tri can thiét. Thoi gian nay ti 1é vé6i chiéu dai n cta danh séch.

4.3.2.4. Thém phan t& vao danh sach

Tiép theo ching ta sé xem xét van dé thém mot phin ti méi vao danh sach.
Néu ching ta c6 mot phan ti méi va ching ta muén chen phan ti nay vao mot vi
tri nao d6 trong danh séch, ngoai tri vi tri dau danh sédch, nhu hinh 4.2, ching ta
can c6 hai con tré previous va following chi dén hai phan ti truéc va sau vi
tri can chén. Néu con tré new_node dang chi phan t& méi can chen thi cédc 1énh
gan sau sé cheén dugc phan ti mé6i vao danh séch:

new_node->next = following;
previous->next = new_node;

Trong phuong thic insert dudi day phép gan new_node->next= following
dugc thuc hién thong qua constructor ¢c6 nhan thong s6 thi hai 1a fol lowing.

Viéc thém phan ti vao dau danh sich can dugce xi 1y riéng, do truong hop nay
khong c6 phan ti nao nam trude phan ti méi nén ching ta khong st dung con tré
previous, thay vao d6 thudc tinh head chi dén phan tit dau clia danh sach phai
dugc gan lai.
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Hinh 4.2- Thém phan ti vao danh sich lién két.

template <class Entry>
ErrorCode List<Entry>::insert(int position, const Entry &x)

/*

post: Néu danh sdch chua day va 0 < position < n, nla s6 phan ti hién c6 clia danh sach,

*/
{

phuong thic trd vé success: moi phan ti tif position dén cudi danh séch sé cé vi tri tang
lén 1, x duge thém vao tai position; ngugc lai, danh sach khong d6i, ErrorCode sé cho
biét 18i cu thé.

if (position < 0 |] position > count)
return range_error;
Node<Entry> *new_node, *previous, *following;
if (position == 0) // Trudng hop déc biét: phan ti méi thém vao ddu danh sach.
following = head;
else { // Trudng hgp téng quat.
previous = set_position(position - 1); // Tim phan ti phia truéc vi tri can thém
phan tif méi.
following = previous->next;

}

new_node = new Node<Entry>(x, following);

it (new_node == NULL)
return overflow;

if (position == 0) // Trudng hop déc biét: phan ti méi thém vao dau danh sach.
head = new_node;

else // Trudng hgp téng quat.
previous->next = new_node;
count++;

return success;
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Ngoai lénh goi ham set_position, cac 1énh con lai trong insert khong phu
thudc vao chiéu dai n cia danh sich. Do d6 insert, ciing giong nhu
set_position, sé c6 thoi gian thuc hién ti 1& véi chiéu dai n cha danh sach.

4.3.2.5. Cac tac vu khac

Céc phuong thitc con lai cia danh sach lién két xem nhu bai tap. Viéc tim
kiém mot phidn t& nao d6 trong cdc phuong thic ludon phai goi ham
set_position. Hiu hét cic phuong thiic nay ciing giong nhu insert, st dung
c4c 1énh chiém thoi gian khong d6i, ngoai triur ldc goi ham set_position. Chi c6
phuong thic clear va traverse la phai duyét qua cdc phan ti cia danh sach.
Chung ta c6 k&t luan nhu sau:

Trong viéc xt Iy mot danh séch lién két c6 n phan ti:

- insert, remove, retrieve va replace can thoi gian ti lé véi n.
- List, empty, full va size thuc hién véi thoi gian khong dai.

Mot 1an nifa, ching ta chua ké dén phuong thic traverse & day, vi thoi gian
né can con phu thudc vao théong s6 visit. Tuy nhién, ciing nhu phan truéec, véi
cung modt ham visit thi traverse can thoi gian ti 1é vé6i n.

4_.3.3. Luu lai vi tri hién tai

DPa s6 céc tng dung truy xuit cdc phan ti cla danh sach theo thi tu cdc phan
tir. Nhiéu tng dung khéc truy xuit cing mot phan ti nhiéu 1an, thuc hién céc tac
vu truy xudt hodc thay thé trudc khi chuyén qua phan ti khac. Doi véi tat ca cac
ung dung nay, cach hién thuc danh sach hién tai cia ching ta té6 ra khong hiéu
qud, do mbi 1an truy xudt mot phin ti, ham set_position déu phai tim tir dau
danh s4ch dén phan tir mong mudn. Néu ching ta c6 thé nhé lai phan ti vira duge
truy xudt trong danh sach, va tdc vu ma Ung dung yéu ciu tiép theo cling xem xét
phan ti nay hodc phan ti k& thi viéc tim ki€m bat diu tir vi tri duge nhé nay
nhanh hon rat nhiéu.

Tuy nhién, khong phai viéc nhé lai vi tri vita dugc truy xudt nay luon cé hiéu
luc d6i v6i moi tng dung. Ching han véi tng dung truy xudt cac phan ti trong
danh sach theo thid tu ngude, moi truy xudt déu phai bat dau tir dau danh sach do
cac tham chiéu trong cdc phan ti chi c6 mot chiéu.

Ching ta dung thudc tinh current_position dé luu vi tri viia néi trén.
Thudc tinh nay sé dugc set_position st dung cling nhu sé& cap nhat lai mdi khi
ham nay dugc goi. Diéu cin luu ¥ 1a set_position duge goi trong cdc phuong thic khac cia
danh sach, trong d6 c6 mot s6 phuong thiic dugc dic ta 1a const c6 nghia 1a khong duge lam thay
déi danh sach, trong khi d6 current_position phai duge thay déi. Nhu vay, ching ta sé dung tir
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khéa mutable ctia C++ nhung luu ¥ ring khong phai tir khéa nay luén dugc cung cdp béi moi
trinh bién dich C++. Khi mot thudc tinh clia mot 16p duge khai bdo 1a mutable thi né c¢6 thé duge

thay déi ngay ca trong cac ham dugc khai béo 1a const.

Pinh nghia danh sach méi nhu sau:

template <class Entry>

class List {

public:

// Céc phuong thic cta danh sédch lién két (ciing giong nhu cia danh sach lién tuc)
// Céc phuong thic bdo ddm tinh an toan cho CTDL c6 chia thudce tinh con tré.

protected:
// Ciéc thudc tinh cho hién thuc lién két ctia danh sédch ¢6 luu vi tri hién tai.
int count;

mutable int current _position;
Node<Entry> *head;
mutable Node<Entry> *current;

// Ham phu trg dé tim mot phan ti.
void set_position(int position) const;

3

Hai thuodc tinh duge thém vao current_position va current déu dugc khai
bao protected, do d6 d6i v6i ngudi st dung 16p List van khong c6 gi thay ddi so
v6i dinh nghia ca.

Ham set_position duge viét lai nhu sau:

template <class Entry>

void List<Entry>::set_position(int position) const

/*

pre: position hgplé: 0 <= position < count.

post: Thudc tinh current chda dia chi phan ti duge tim th4y tai position,

current_position dugc cdp nhéat tuong tng.
*/
{
if (position < current_position) { // Trudng hop phai tim tir diu danh séch
current_position = 0;
current = head;
3
for ( ; current_position != position; current position++)
current = current->next;

Néu mot phan tif trong danh sach dugc truy xuat 14p lai nhiéu 1an thi céc lénh
trong iT ciing nhu trong vong for ciia ham trén déu khong phai thuc hién, ham
s& khong hé chiém thoi gian chay. Néu phan ti k& dugc truy xuét, cdc 1énh trong
vong for chi chay mot 14n, ham van thuc hién rat nhanh. Trong trudng hop x4u
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nhat, néu can phai bit dau tu dau danh sach, ham cing sé lam viéc giong nhu
cach ching ta da hién thuc trugc day.

4.3.4.Danh sach lién két kép

Mot vai tng dung thudng xuyén yéu cau dich chuyén t6i va lui trén danh sach.
Trong phan truéc ching ta da gidi quyét viéc dich chuyén theo mot chiéu trong
qua trinh duyét danh sach. Nhung viéc lap trinh hoi khé khan va thoi gian chay
chuong trinh phu thudoc vao danh sdch, nhat 1a khi danh siach cé nhiéu phan ti.

Dé khic phuc van dé nay, c6 nhiéu chién lugc khac nham gidi quyét viéc tim
phan ti ndm trudc phan ti hién tai trong danh sach. Trong phan nay ching ta
tim hiéu mot chién luge don gidn nhat nhung ciing linh dong va phu hgp trong
rat nhiéu truong hop.

Y

-~ ~ -

G_.._. A — =l
J:—_ - L - L -

Hinh 4.3- Danh sach lién két kép.

4.3.4.1. Cac khai bao cho danh sich lién két kép

Nhu hinh 4.3 minh hoa, y tuéng & day la viéc luu cd hai con tré chi hai
huéng ngugc nhau trong cing mot node ctia danh sach. Bing cach dich chuyén
theo tham chiéu thich hop ching ta c6 thé duyét danh sach theo huéng mong
mudn. CTDL nay dudc goi 1a danh sach lién két kép (doubly linked list).

template <class Node_entry>
struct Node {

// Cac thuoc tinh

Node_entry entry;

Node<Node entry> *next;

Node<Node_entry> *back;
// constructors

Node();

Node(Node_entry, Node<Node entry> *link_back

Node<Node entry> *link next

};

NULL,
NULL) ;

Constructor cho Node cia danh sach lién két kép gan giong constructor cho
Node ctua danh sach lién két don. Duéi day 1a dac ta cho 16p danh sach lién két
kép:
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template <class Entry>

class List {

public:

// Ciéc phuong thic thong thudng ctia danh séch.

// Céc phuong thic bao ddm tinh an toan cho CTDL ¢é thude tinh con tré.
protected:
// Céc thuoc tinh

int count;

mutable int current _position;

mutable Node<Entry> *current;

// Ham phu trg dé€ tim dén mot phan ti trong danh sach
void set_position(int position) const;

¥

Trong céch hién thuc nay ching ta chi can gitt mot con tré tham chiéu dén
mot phan ti nao d6 trong danh sach 1a ching ta c6 thé duyét danh sach theo
huéng nay hoac huéng kia. Nhu vay, ching ta dung ludn con tré current chi dén
phan ti hién tai d€ 1am nhiém vu nay, va ching ta khong cin giit con tré chi dén
dau hoac cudi danh sach.

4.3.4.2. Cac tac vu trén danh sich lién két kép

Trong danh sach lién két kép, viéc duyét danh sich theo cd hai huéng dé tim
mot phan td, viéec thém hodc loai phan ti tai vi tri nao d6 c6 thé dugc thuc hién
dé dang. Mot vai tac vu c6 thay d6i chiat it so v6i danh sach lién két don, nhu
insert va delete, do phéi cap nhat day du cd hai con tré theo hai huéng cia
danh sach .

Tru6c hét, d& tim mot vi tri ndo d6, ching ta chi cAn quyét dinh nén duyét
theo huéng nao trong danh sdch bat dau tir con tré current.

template <class Entry>

void List<Entry>::set_position(int position) const
/*

pre: position hgplé: 0 <= position < count.

post: thugc tinh current chia dia chi cia phan ti tai position.
*/
{
if (current_position <= position)
for ( ; current_position != position; current_position++)
current = current->next;
else
for ( ; current_position != position; current_position--)
current = current->back;

V6i ham nay chung ta viét tac vu insert sau day. Hinh 4.4 minh hoa céc con
trd can phai cap nhat. Ching ta ciing dic biét chi y hai trudng hop hoi dic biét,
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dé6 1a khi thém phan t& vao mot trong hai dau cla danh sach ho#c thém vao mot

danh sach rong.

previous finl lcresing

)

1
new node

Hinh 4.4- Thém phan ti va danh sach lién két kép.

|
]

-
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template <class Entry>
ErrorCode List<Entry>::insert(int position, const Entry &x)
/*
post: Néu danh sdch chua day va 0 < position < n, nla s6 phan ti hién c6 clia danh sach,
phuong thic trad vé success: moi phan ti tir position dén cudi danh séch sé cé vi tri
tang 1én 1, x dugc thém vao tai position; ngudc lai, danh sach khong déi, ErrorCode sé&
cho biét 16i cu thé.
*/
{ _ _
Node<Entry> *new_node, *following, *preceding;
if (position < 0 |] position > count) return range_error;
if (position == 0) {

if (count == 0) following = NULL; // Truong hop dac biét: danh sach dang

rong.
else {
set_position(0);
following = current;
}
preceding = NULL; // Trudng hop dac biét: thém phan ti méi
vao ddu danh sach, khong c6 phan ti
ding trudec.
3
else {
set _position(position - 1);
preceding = current;
following = preceding->next; // Truong hop téng quat: thém phan ti
vao giltta, nhung gop ca truong hop
thém vao cudi (position = n)
following sé nhan tri NULL.
3

new_node = new Node<Entry>(x, preceding, following);

if (new_node == NULL) return overflow;

iT (preceding != NULL) preceding->next = new_node;
it (following != NULL) following->back = new_node;
current = new_node;
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current_position = position;
count++;
return success;

Gi4a phai tra doéi véi danh sach lién két kép 1a vung nhé cho tham chiéu thid
hai trong mdi Node. Vé6i phan 16n Gng dung, do vung entry can chia thong tin
trong Node 16n hon nhiéu ving nhé danh cho cédc con tré, nén téng dung lugng bod
nhé6 ting khong ddang ké.

4_.4. So sanh cac cach hién thuec cua danh sach

Ching ta da xem xét mot vai gidi thuat xi 1y cho danh sich lién két va mot
vai bién thé vé cdu tric va cich hién thuc. Trong phan nay ching ta sé phan tich
cac uu nhuge diém ciia danh sach lién két va danh sach lién tuc.

Uu diém 16n nhat cha danh sach lién két trong bd nhé dong 1a tinh mém déo.
Khong c6 van dé tran bo nhé trir khi b nhé mdy tinh thuc su da dugc st dung
hét. Pac biét khi mot entry chia thong tin qud 16n, ching ta khé c6 thé xdc dinh
tong dung luong ving nhé nhu thé& nao cho vira di dé khai bdo mot day, trong khi
chiing ta ciing can phdi xét dén phan b nhé con lai sao cho da dé danh cho céc
bién khac. Trong bd nhé dong, ching ta khong can phdi quyét dinh diéu nay
trudc khi chuong trinh chay.

Trong danh sach lién két, viéc thém hay loai phan t& c6 thé thuc hién nhanh
hon so véi trong danh sach lién tuc. P6i v6i cac CTDL 16n, viéc thay doi mot vai
con tré nhanh hon rat nhiéu so vé6i viée chép dir liéu sang chd khic.

Nhuogc diém dau tién cia danh sich lién két 14 tén vung nhé cho céc con tré.
Trong phan 16n hé thong, mot con tré chiém ving nhé bing viung nhé clia mot so
nguyén. Nhu viy mot danh sach lién két cdc s6 nguyén sé doi héi viung nhdé gip
d6i mot danh sach lién tuc céac s6 nguyén.

Trong nhiéu tng dung thuc tién, mdt node trong danh siach thuong 16n, dir
liéu thuong chda hang tram bytes, viéc st dung danh séach lién két chi tén thém
khodn mot phan trim vung nhé. Thue ra, danh sach lién két tiét kiém viung nhé
hon nhiéu, néu xét dén nhitng ving nhé duge khai bdo du trit sdn cho viéc thém
phan t trong danh sach lién tuc ma chua duge dung dén. Néu méi entry chiém
100 bytes thi ving nhé lién tuc chi tiét kiém khi s& phan ti st dung thuc su trong
day 1én dén 99 bytes.

Nhuge diém chinh ctia danh s4ch lién két 12 né khong thich hop véi viée truy
xudt ngau nhién. Trong vung nhé lién tuc, viéc truy xuat dén bat ky vi tri nao
cling rat nhanh va khong khac gi so v6i nhiing vi tri khdc. Trong danh sich lién
két, c6 thé phai duyét cd ching dudng dai méi dén duge phan ti mong mudn. Viéce
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truy xudt mot node trong ving nhé lién két ciing chiém hon mot chat thoi gian vi
tru6c hét phai c6 duge con tré va sau dé6 méi dén dugc dia chi cAn tim, tuy nhién
diéu nay thudng khong quan trong. Ngoai ra, cdc tdc vu xt 1y trong danh sich
lién két thudng phai 1ap trinh céng phu hon.

Danh sach lién tuc, néi chung, thuong dugc chon khi:
e Mbi entry rat nhoé.
e Kich thudc cha danh sach duogc biét trude khi 1ap trinh.
e It c6 nhu cAu thém hoic loai phan ti trir trudng hop phan ti cudi danh
sach.
e Viéc truy xudt ngau nhién thuong x4y ra.

Danh séich lién két t6 ra uu thé khi:
e Mbi entry 16n.
e Kich thude ctia danh sach khong dugc biét trude khi ing dung chay.
e C6 yéu cau vé tinh linh hoat: thém, loai phan ti hodc t6 chic lai céc
phan tu.

Pé chon lua CTDL véi c4ach hién thuc thich hgp, ngudi lap trinh cin xem xét
c4c tdc vu nao sé duge thuc hién trén ciu tric dé, tdc vu nao trong sd d6 la quan
trong nhat. Viéc truy xuat 1a cuc b néu mot phan ti duge truy xuat, né c6 thé
dugc truy xudt 1an nita. Va néu cac phan ti thuong dugc truy xuat theo thi tu, thi
nén nhd lai vi tri phan ti vita dugc truy xudt nhu 1 mot thuoc tinh cha danh
sach. Con néu viéc truy xudt theo hai huéng ctia danh sdch 1a can thiét thi nén
chon céach hién thuc danh séich lién két kép.

4_.5. Danh sach lién két trong mang lién tuc

Mot vai ngdén ngit tuy xua nhung riat phé bién nhu Fortran, Cobol va Basic
khong cung cdp kha ning st dung bo nhé dong hodc con tré. Néu can si dung
cdc ngdn ngit nay dé gidi quyét cac bai todn ma trong dé cac tdac vu trén danh
sach lién két (DSLK) t6 ra c6 uu th& hon han trén danh sach lién tuc (viéc thay
d6i mot vai con tré dé dang va nhanh chéng hon nhiéu viéc phai chép lai mot s&
luong 16n dit liéu), ching ta van c6 thé sit dung mang lién tuc d€ mé phéng DSLK.
Trong phan nay ching ta sé tim hiéu mot hién thuc cia DSLK ma khong can con
tro. Hay noi cach khac, ching ta khong dung con tré chda dia chi, ma sé dung con
tré 1a mot s6 nguyén, va DSLK sé dugc hién thuc trong mot mang lién tuc.

4.5.1. Phuong phap

Y tuéng chinh & day bit dau tir mot mang lién tuc dung d€ chida céc phan ti
cia mot DSLK. Ching ta xem mang nay nhu mo6t vung nhé chua st dung va
ching ta sé tu phan phoi 14y. Ching ta sé& xay dung mot s6 ham dé quan ly mang
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nay: nhan biét viing nao trong mang chua dugc st dung, noi két cdc phan ti trong
mang theo mot thi tu mong mudn.

Mot dic diém cta DSLK ma ching ta phai bé qua trong phan nay 1a viéc
dinh vi bd nhé dong, ngay ti ddu ching ta phai xdc dinh kich thuée can thiét cho
mang. Moi uu diém con lai khéc ctia DSLK déu dugc giit nguyén, nhu tinh mém
déo trong viéc t6 chiic lai ving nhé cho cdc phan ti c6 kich thuéc 16n, hodc tinh
dé dang va hiéu qua trong viéc thém hay b6t bat ci phan ti ndo trong danh sach.

Hién thuc DSLK trong mang lién tuc ciing té6 ra rat hiéu qud trong nhiing
ngdn ngit tua C++ c6 cung cdp con tré va cach dinh vi b nhé dong. Cac ting dung
dudi day duge xem la thich hgp khi st dung DSLK trong mang lién tuc :

e S6 phan ti toi da trong danh sach dugc biét trude.

e Cac tham chiéu thuong xuyén dudc t6 chic lai, nhung viéc thém ho#c loai
phan ti tuong doi it xay ra.

e Cung dit liéu nhung c6 khi can xi ly nhu DSLK c6é khi lai can xit 1§ nhu
danh sach lién tuc.

Hinh 4.5 1a mot vi du minh hoa cho nhiing ing dung nhu vay. Pay la mot
phan dit liéu chita cc thong tin vé sinh vién. M4 sinh vién dugc gan cho cdc sinh
vién theo thd tu nhap truong, tén va diém sd khong theo mot thi tu dic biét
nao. Thong tin vé sinh vién c6 thé dugc tim thdy nhanh chéng dua vao ma sinh
vién do s6 nay dugc dung nhu chi s§ dé tim trong méng lién tuc. Tuy nhién, thinh
thodng ching ta cin in danh sach sinh vién c6 thd tu theo tén, va diéu nay c6 thé
lam dugc bing cich lan theo cdc tham chiéu dudec luu trong mang
next_name. Tuong tu, cdc diém s6 cling c6 thé sip thi tu nhd cic tham chiéu
trong cdc mang tuong lng.

Dé thay dugc cach hién thuc nay ctia DSLK lam viéc nhu thé nao, ching ta
hay duyét DSLK next_name trong phan diu cia hinh 4.5. Pau vao ctia danh
sach chda tri 1a 8, c6 nghia 1a phan t trong vi tri 8, Arthur, E., 13 phan ti diu
tién cua danh sach. Vi tri 8 cia next_name chuia tri 0, c6 nghia la tén ¢ vi tri O,
Clark, F., 1a phan t thi hai. Vi tri 0 cia next_name chd tri 5, vay Evans, B., 1a
phan ti ké tiép. Vi tri 5 chi dén vi tri 3 (Garcia, T.), vi tri 3 lai chi vi tri 4 (Hall,
W.), va vi tri 4 chi vi tri 1 (Smith, A.). Tai vi tri 1, next_name chda tri -1, cé
nghia 1a vi tri 1 14 phan t cudi cung cia danh sach.

Tuong tu, mang next_math biéu dién mot DSLK, cho phép truy xudt mang
math theo thi tu gidm dan. Phan ti diu tién tai vi tri 5, k€ dén 1a 3, 1, 0, 4, 8.
Tht tu cdc phan ti xuat hién trong DSLK biéu dién béi next_CS1a 1, 3, 5, 8, 4,
0.
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name next name math  next math Cs next CS
] i o] il r 5
0 | Clark, F. | 4 5 70 4 Q)
1 | Smith, A. -1 75 ] g2
2 - - = - — Y _
3 Garci A [=Ty]
3 |Garcia, T.) 4 B3| . 1 » 90|
4 | Hall, W, 1 50 & 55
5 |Evans, B. 3 G g2 3 a5
1 ~
& - = = - ] _
F = = - - _
1 ~ 1
2 [Arthur, E. i 40 1 L] &0
! - = - _ _
o~ T <

Hinh 4.5- DSLK trong mang lién tuc.

Nhu vi du trong hinh 4.5, hién thuc caa DSLK trong mang lién tuc c6 dugc
tinh linh hoat clia DSLK d6i v6i nhiing su thay déi. Ngoai ra né con c6 kha niang
chia sé thong tin (chdng han tén sinh vién) gitta cdc DSLK khac nhau. Hién thuc
nay ciing con c¢6 uu diém cta danh sdch lién tuc 14 c6 thé truy xuat ngiu nhién
c4dc phan tif nho c4ch st dung chi s6 truy xuit truc tiép.

Trong hién thuc caa DSLK trong mang lién tuc, cdc con trd tré thanh cac chi
s0 tuong doi so v6i diém bat dau cha danh sach. Cac tham chiéu cta danh sich
chita trong mot mang, mdi phan ti cia mang chita mot sé nguyén chi dén vi tri
clia phan ti ké& cta danh sach trong mang chda dir liéu. Pé phan biét véi céac con
trd (pointer) ctia DSLK trong bd nhé dong, ching ta sé dung tir chi s (index) dé
goi cac tham chiéu nay.

Ching ta cin khai bdo hai mang lién tuc cho méi DSLK, entry[ ] dé chia dit
liéu, va next_node[ ] d& chda chi s6 chi dén phan ti ké. P6i véi phan 16n cac
ting dung, entry 132 mdt mang ma mdi phan ti 134 mot ciu tric, hodic mot vai
mang trong truong hop ngdn ngit 14p trinh khong cung cdp kiéu cau tric. Ca hai
mang entry va next_node can danh chi s6 tiu 0 dén max_list-1, max_list la
mot hang s6 biét trude.

Do ching ta dung chi s& bit dau tir 0, ching ta sé dung tri dic biét —1 dé biéu
dién danh sach da két thice, tuong tu nhu tri NULL ctia con tré trong by nhé dong.
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4.5.2.Cac tac vu quan ly vang nhé

Nhiém vu d4u tién cha ching ta 14 ndm dugc céc vung nhé con trong dé viét
mot s6 ham tim mot vi tri méi hay trd mot vi tri khong st dung nita vé lai ving
nhé trong. Khéc v6i phan 4.3.2, toan bd ving nhé ma ching ta sé dung & day 1a
mot mang lién tuc goi 1a workspace, cdc phan tif ciia né tuong Gng véi cdc phan
tir trong DSLK (hinh 4.6). Ching ta ciing sé goi cac phan tir trong workspace 1a
node va sé& khai bdo Node dé chia dif lieu. Méi Node 1a mot cdu trac gom hai
phan: entry kiéu Entry chia di liéu, va next kiéu index. Kiéu index dugc hién
thuc bing sd nguyén, c6 cdc tri biéu dién vi tri cdc phan ti trong mang lién tuc,
va nhu vay né thay thé& kiéu con tré nhu trong cdc DSLK tru6c day.

Céc vi tri trong trong workspace c6 hai dang:
e (Cac node chua duoc st dung téi.
e (Cac node da tung dugc st dung nhung da dugc giai phong.

Chung ta sé bat diu st dung tir ddu mang lién tuc va dung chi s6 last_used
chda vi tri cudi vita méi st dung trong mang. Céc vi tri trong mang cé chi s6 16n
hon last_used la céc vi tri chua hé duge st dung.

Cac node dang chia di liéu sé thuoc mot DSLK c6 dau vao 1a head. Head chita
vi tri cia phan ti dau cia DSLK trong mang. Cac node ké& tiép trong DSLK nay
dugc truy xudt thong qua cdc chi sd trong thanh phin next cia cic node, biéu

dién bédi cdc miii tén bén trai cia next_node trong hinh 4.6. Node cudi cung cua
DSLK c6 chi s6 1a —1. Ching ta doc duge danh sach cé céc tén sip theo thd tu
alphabet bat dau tir head = 8, Arthur, E. ndm d4u danh sach, réi dén céac tén tai
cdc vi tri 0, 5, 3, 4, 1 clla mang; Smith, A. 1a tén nidm cudi danh sach.

D61 v6i nhitng node da tung st dung va da duoc gidi phéng, ching ta sé dung
mot dang cta cau tric lién két dé noi két ching lai v6i nhau va dé c6 thé truy
xuat dén, tir node nay dén node ké&. Do ngin xép lién két 1a mot dang don gidn
nh4t cta cdu truc lién két, ching ta sé dung ngin x&p lién két cho trudong hop
nay. Ngian xép lién két ciing dugc noi két nho chi s6 next trong mdi node,
available la mot chi sé chia top ctia ngan xép.

Céc miii tén bén phdi cha next_node trong hinh 4.6, véi dau vao la
available, chi ciac node trong mot ngin xép bao gom cic node da tiung duge si
dung va da dugc gidi phéng. Cha ¥y ring chi s§ trong cdc ving next clia ngin xép
lién két nay chinh xdc 1a cdc s6 < last_used, d6 ciing 1a cdc vi tri trong mang
hién tai khong c6 dir liéu. Bat diu tir available =7, rdéi dén 6, 9, 10, 2. Con céc
vi tri tir last_used+1 tré di 1a céc vi tri chua hé c6 dit liéu.
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Khi c6 mot node bi loai khéi DSLK chita dit liéu (chang han loai tén mot sinh
vién ra khoi danh sach), vi tri cia né trong mang dugce giai phéng va duge push
vao ngan xép lién két. Nguge lai, khi cAn thém mot node méi vao DSLK, ching
ta tim vi tri tréng bing cach pop mot phan ti ra khéi ngin xép lién két: trong
hinh 4.6 thi node méi sé dugc thém vao vi tri 7 cia mang, con available dugc
cap nhat lai 1a 6. Chi khi can thém mot node méi vao DSLK ma available=-1
(ngan xép lién két réng), ching ta méi dung dén mot node méi chua hé si dung
dén, d6 1a vi tri last_used+1, last_used dugc cap nhat lai. Khi last_used
dat max_list—1, ma available=-1, thi workspace day, danh sich clia ching ta
khong cho phép thém node mdi nira.

ety 0 | Clark, F. A next_node
1 | Smilth, A.
2 - J_
5 |Gamcla,T. =
4 [ Han w. |
5 |Evans, B.| ,
=
7 ~1 ,J'II [
g |Arhur, E. g avallable
g / head
10 A 10
11 A A last_used
max_lst ==13 12
-

Hinh 4.6- DSLK trong mang lién tuc va ngin xé&p lién két chia cdc ving c6 thé sii dung.

Khi d6i tugng List dugc khéi tao, available va last_used phai dugc gan -
1: available=-1 chi ra ring ngin xé&p chda cac ving nhé da tiing dudc st dung
va da dugc gidi phéng la réng, last_used=-1 chi rang chua c6 ving nhé nao
trong mang da dugc st dung.

Ching ta c6 khai bao DSLK trong mang lién tuc nhu sau:

typedef int index;
const int max_list = 7; // gia tri nhé danh cho viéc kiém tra CTDL.
template <class Entry>
class Node {
public:
Entry entry;
index next;

¥

template <class Entry>
class List {
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public:
// Methods of the list ADT
List(Q);
int size() const;
bool full() const;
bool empty() const;
void clear(Q);
void traverse(void (*visit)(Entry &));
Error_code retrieve(int position, Entry &x) const;
Error_code replace(int position, const Entry &x);
Error_code remove(int position, Entry &x);
Error_code insert(int position, const Entry &x);

protected:

// Céac thudc tinh
Node<Entry> workspace[max_list];
index available, last _used, head;
int count;

// Cac ham phu trg
index new_node();
void delete_node(index n);
int current_position(index n) const;
index set position(int position) const;

Céc phuong thie public trén duge dic td hoan toan giong véi cac hién thuc khac
clia List truéc day. Piéu nay c6 nghia 1a hién thuc mdi cia ching ta c6 thé thay
thé bat ky mot hién thuc nao khdc cia CTDL triu tugng List trong cdc Ung
dung. Mot s6 ham phu trg protected dugc bé sung dé quan ly cac node trong
workspace. Ching dugc st dung dé xay dung cdc phuong thic public nhung
khong dugc nhin thay bdéi nguoi st dung. Cdc ham new_node va delete_node
thay thé cho cdc tac vu new va delete cia C++. Chang han, new_node tra vé chi
s6 cla mdt vung dang trong cta workspace (dé thém phin ti méi cho danh
sach).

template <class Entry>

index List<Entry>::new_node()

/*

post: Tra vé chi s6 clia phan tir dau tién c6 thé sit dung trong workspace; cac thuoc tinh
available, last_used, va workspace dugc cAp nhat néu can thiéu .
Néu workspace thuc su day, tra vé -1.

*/
{ ]
index new_index;
if (available '= -1) { // ngin xé&p chua rong.
new_index = available; // pop tif ngén x&p.

available = workspace[available].next; // cap nhat cho ngén xé&p.

} else if (last_used<max_list - 1){// ngin x&p rong va workspace chua day.
new_index = ++last_used;

} else return -1;
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workspace[new_index].next = -1;
return new_index;

}

template <class Entry>

void List<Entry>::delete_node(index old_index)

/*

pre: Danh sdch c6 mot phan ti luu tai chi s6 old_index.

post: Vung nhé c6 chi s6 old_index duge ddy vao ngin x&p cdc chd trong c6 thé s dung lai;
cac thuoc tinh available, last_used, va workspace dugc cAp nhat néu cin thiét.

*/

{
index previous;
if (old_index == head) head = workspace[old_index].next;
else {

previous = set_position(current_position(old_index) - 1);
workspace[previous].next = workspace[old_index].next;
}
workspace[old_index].next = available; // ddy vao ngin xép.
available = old_index;

C4 hai ham nay thuc ra 1a thuc hién viéc push va pop ngin xép. Néu mudn
ching ta cé thé viét cac ham xi ly ngén xép riéng réi méi viét ham si dung
ching.

Cac ham phu trg protected khac la set_position va current_position.
Ciing giong nhu céc hién thuc trude, set_position nhan vi tri (thd tu) cia phan
ti trong danh sach va trd vé chi s6 phan ti d6 trong workspace. Ham
current_position nhan chi s6 phan ti trong workspace va tra vé vi tri (tha
tu) cia phan tif trong danh sach. Hién thuc ciia ching dudc xem nhu bai tap.

index List<Entry>::set position(int position) const;
pre: positionla vi tri hgp 1y trong danh sich; 0 < position < count.
post: trd vé chi s6 trong workspace cua node tai vi tri position trong danh séach..

int List<Entry>::current_position(index n) const;
post: tra vé vi tri trong danh sach cia node tai chi s8 n trong workspace, ho#c —1 néu khong c6
node nay.

4.5.3. Cac tac vu khac

Ching ta hién thuc c4dc phuong thic xtr 1y cho DSLK trong méng lién tuc bang
cach thay déi cac phuong thic da c6 cia DSLK trong phan 4.3.2. Phan 16n viéc
hién thuc nay dugc danh lai xem nhu bai tap, § day ching ta sé viét ham duyét
danh sach va thém phan ti mé6i vao danh séch.

template <class Entry>
void List<Entry>::traverse(void (*visit)(Entry &))
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/*
post: Cong viéc can lam béi ham *visit dugce thuc hién trén timg phan tii cia danh sach, bat
dAu ti phan ti tha 0.
*/
for (index n = head; n = -1; n = workspace[n].next)
(*visit) (workspace[n].entry);

So sanh phuong thic nay véi phuong thic tuong tng d6i v6i DSLK dung con
tré va bo nhé dong trong phan 4.3.2, ching ta dé dang nhan thiy mdi dong lénh
12 mot su chuyén d6i don gidn mot dong lénh cha hién thuc truéc. Bing cach
chuyén déi tuong tu ching ta ciing c¢6 dude phuong thic thém mot phan ti méi
vao DSLK trong mang lién tuc.

template <class Entry>

Error_code List<Entry>::insert(int position, const Entry &x)

/*

post: Néu danh sich chua didy va 0 <= position <= n, véin la s6 phan t& hién c6 trong
danh sach, phuong thic sé thuc hién thanh cong viéc chén x vao tai position va cac
phan ti phia sau bi ddy lui thit tu béi 1 don vi. Nguge lai, phuong thic tra vé ma 18i thich

hogp.
*/
i _ _ _
index new_index, previous, following;
if (position < 0 |] position > count) return range_error;
if (position > 0) { Tim phan ti trude va sau vi tri

previous = set_position(position - 1); 4 can thém phan ti mdi.
following = workspace[previous].next;

else following = head;
if ((new_index = new_node()) == -1) return overflow; // Tim vung trong
workspace[new_index].entry = Xx; // Cap nhat dit liéu vao vung trong.

workspace[new_index].next = following;

if (position == 0)
head = new_index; // Truong hgp dic biét: thém
vao dau DSLK. Thém phan ti méi
else vao DSLK.
workspace[previous].next = new_index;

count++;
return success;

}

4.5_.4.Cac bién thé cua danh sach lién két trong mang lién tuc

Mang lién tuc cung céc chi s6 khong nhiing dugc dung cho DSLK, ching con c¢6
hiéu qua tuong tu déi véi DSLK kép ho#c véi vai bién thé khdc. Poi véi DSLK
kép, kha niang ap dung phép tinh sé hoc cho cac chi s6 cho phép mot hién thuc
ma trong dé cac tham chiéu t6i va lui chi can chifa trong mot vung chi s6 don (st
dung c4 tri 4m 1an tri duong cho cac chi s0).
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