Chitong 18 — Ung dung danh sdch lién két va bdng bam

Chuong 18 - UNG DUNG DANH SACH LIEN KET VA
BANG BAM

Pay la mot ing dung c6 st dung CTDL danh sach va bang bam. Thong qua
ting dung nay sinh vién c6é dip nang cao kj ning thiét k& huéng doi tuong, gidi
quyét bai todn ti ngoai vao trong. Ngoai ra, day ciing 1a mot vi du rat hay vé viéc
stt dung mot CTDL ding din khong nhiing d4p tng dudc yéu ciu bai toan ma con
lam tang hiéu qua cla chuong trinh l1én rat nhiéu.

18.1. Giéi thiéu vé chuong trinh Game OFf Life

Game_Of Life 1a mot chuong trinh gid lip mot su tién trién cha su song,
khong phai 14 mot tro choi véi ngusi st dung. Trén mot lui chtt nhat khong ¢6
gi6i han, mdi 6 hodc 1a 6 trong hodc dang c6 mot t& bao chiém git. O c6 t& bao
dugc goi la 6 song, nguoc lai 1a 6 chét. M6i thoi diém 6n dinh cta toan bo lugi
ching ta goi 14 mot trang thai. P& chuyén sang trang thai mdi, mot 6 sé thay déi
tinh trang song hay chét tuy thudc vao s6 6 song chung quanh né trong trang thai
cii theo céc quy tic sau:

1. Mot 6 c6 tdm 6 ké can.
2. Mot 6 dang song ma khong c6 hodc chi ¢6 1 6 k& can song thi 6 d6 sé chét do

don doc.
3. Mot 6 dang song ma c6 tiu 4 6 ké can tré 1én song thi 6 d6 ciing sé chét do
qua dong.

4. Mot 6 dang séng ma c6 2 hoic 3 & ké& can sdng thi né sé& sdng tiép trong
trang thai sau.

5. Mot 6 dang chét tré thanh séng trong trang thai sau néu né c6 chinh xéc 3 6
k& can song.

6. Su chuyén trang thai cia cac 6 1a dong thoi, c6 nghia 1a cin ci vao s6 6 ké
can song hay chét trong mot trang thai dé quyét dinh su séng chét cta cac
¢ trang thai sau.

18.2. Cac vi du

N N PN

Chung ta goi mot d6i tuong lu6i chia cac 6 song va chét nhu vay 1a mot clu
hinh. Trong hinh 18.1, con s6 ¢ mdi 6 biéu dién s6 6 séng chung quanh né, theo
quy tac thi cdu hinh nay s& khong con 6 nao sdng 6 trang thai sau. Trong khi dé6
c4u hinh & hinh 18.2 s& bén viing va khong bao gio thay doi.
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Hinh 18.1- M6t trang thdi cua Game of Life

V6i mot trang thai khéi dau nao dé, ching ta khé luong trude duge diéu gi sé
x4y ra. Mot vai cdu hinh don gidn ban dau c6 thé bién déi qua nhiéu buéc dé
thanh céc cdu hinh phiic tap hon nhiéu, hodc chét dan mot cdch cham chap, hoac
sé dat d&én su bén viing, hodc chi con 1a su chuyén déi lap lai gitta mot vai trang
thai.
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Hinh 18.3 - Hai c4u hinh nay luan phién thay d6i nhau.

18.3. Giai thuat
Muc dich cta ching ta la viét mot chuong trinh hién thi cdc trang thai lién
tiép nhau ctia mot cau hinh tir mot trang thai ban dau nao dé.

Gidi thudt:

e Khdi tao mot cau hinh ban dau c6 mot s6 6 sdng.

e In c4u hinh d4 khéi tao.

e Trong khi ngudi st dung van con mudn xem su bién d6i cia cac trang thai:
- Cap nhat trang thai méi dua vao céc quy tac cia chuong trinh.
- In c4u hinh.
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Ching ta sé& x4y dung 16p Life ma d6i tuong cia né sé& c6 tén la

configuration. Péi tuong nay can 3 phuong thic: initialize() dé khéi tao,
print() dé€ in trang thai hién tai va update() dé cap nhat trang thai méi.

18.4. Chuong trinh chinh cho Game_Of Life

#include "utility.h"
#include "life.h"

int main() // Chuong trinh Game_Of_Life.

/*

pre: Ngudi stt dung cho biét trang thai ban dau ctia cau hinh.
post: Chuong trinh in cdc trang th4i thay ddi ctia cdu hinh cho dén khi ngudi sit dung muén

ngung chuong trinh. Cach thic thay déi trang thai tuan theo cdc quy téc cia tro choi.

uses: Lép Life vdi cac phuong thic initialize(), print(), update().-

*/

{

Céac ham phu trg instructions(), user_says_yes()-

Life configuration;
instructions();
configuration.initialize();
configuration.print();
cout << '""Continue viewing new generations? " << endl;
while (user_says yes(Q)) {
configuration._.update();
configuration.print();
cout << "Continue viewing new generations? " << endl;

}

Véi chuong trinh Life nay ching ta cAn hién thuc nhiing phan sau:

e Lép Life.

e Phuong thic initialize() khdi tao cdu hinh cta Life.

e Phuong thic print() hién thi cau hinh cta Life.

e Phuong thic update() cap nhat doi tugng Life chda cdu hinh & trang
thai méi.

e Ham user_says_yes() dé héi nguoi st dung c6 tiép tuc xem trang thai
ké tiép hay khong.

e Ham instruction() hién thi huéng din sit dung chuong trinh.

V6i cach phéc thio nay ching ta cé thé chuyén sang giai doan ké&, d6 la chon

lua cach td chic dif liéu dé hién thuc 16p Life.
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18.4.1. Phién ban thd nhat cho 16p Life

Trong phién ban thd nhat nay, chung ta chua st dung mot 16p CTDL c¢6 sin
nao, ma chi suy nghi don gidn ring do6i tugng Life cAn mot mang hai chiéu céac
s6 nguyén dé biéu dién ludi cac 6. Tri 1 biéu dién 6 séng va tri 0 biéu dién 6 chét.
Kich thuéc mang 14y thém bon bién du trit dé viec dém s6 6 sdng ké can dugc
thuc hién dé dang cho cd cdc 6 ndm trén canh bién hay géc. Tat nhién véi cach
chon lua nay ching ta da phai lo qua mot doi héi ctia chuong trinh: dé la lugi chi
nhat phai khong c6 gidi han.

Ngoai cédc phuong thic public, 16p Life cidn thém mot ham phu trg
neighbor_count dé tinh céc 6 song ké& can ctia mot 6 cho truée.

const int maxrow = 20, maxcol = 60; // Kich thudc dé thir chuong trinh
class Life {
public:
void initialize();
void print();
void update();
private:
int grid[maxrow + 2][maxcol + 2];// Du tri thém 4 bién nhu hinh vé dudi day
int neighbor_count(int row, int col);
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Hinh 18.4 - Lu6i cdc 6 ctia Life c6 du trit bon bién

Duéi day 1a ham neighbor_count dugc goi béi phuong thic update.

int Life::neighbor_count(int row, int col)
/*
pre: Doituong Life chia trang thai cac 6 song, chét. row va col 1a toa do hop 1é clia mot 6.
post: Tra vé s6 6 dang song chung quanh 6 tai toa do row, col.
*/
t
int i, j;
int count = O;
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for (i = row - 1; i <= row + 1; i++) // Quét tat cad 9 o, ké ca tai (row, col)
for (J = col - 1; j <=col + 1; j++)
count += grid[i][Jj1;: 7/ Néub (i,j) song thi cé tri 1 va duge cong vao count
count -= grid[row][col]; // Tru di ban thin 6 dang dugc xét
return count;

}

Trong phuong thic update du6i day ching ta cAn mot mang tam new_grid
dé luu trang thai méi vira tinh duoc.

void Life::update()
/*
pre: Doituong Life dang chita mot trang thai hién tai.
post: Déi tuong Life chida trang thdi méi.
*/
{
int row, col;
int new_grid[maxrow + 2][maxcol + 2];

for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++)
switch (neighbor_count(row, col)) {

case 2:
new_grid[row][col] = grid[row]l[col]; // giit nguyén tinh trang ci
break;
case 3:
new_grid[row][col] = 1; /16 s& sbng
break;
default:
new_grid[row][col] = O; // 6 sé& chét

}

for (row = 1; row <= maxrow; row++)
for (col = 1; col <= maxcol; col++)
grid[row][col] = new _grid[row][col];

Phuong thic initialize nhan théng tin ti ngudi st dung vé cdc 6 sdng &
trang thai ban dau.

void Life::initialize()

/*

post: Déi tugng Life dang chita trang théi ban ddu ma ngudi st dung mong mudn.
*/

{

int row, col;

for (row = 0; row <= maxrow+1l; row++)
for (col = 0; col <= maxcol+1; col++)
grid[row][col] = 0;
cout << "List the coordinates for living cells.” << endl;
cout << "Terminate the list with the special pair -1 -1" << endl;
cin >> row >> col;
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while (row = -1 ] col I= -1) {
it (row >= 1 && row <= maxrow)
if (col >= 1 && col <= maxcol)
grid[row][col] = 1;
else
cout << "Column " << col << " is out of range." << endl;
else
cout << "Row " << row << " is out of range." << endl;
cin >> row >> col;
}
}

void Life::print()

/*

pre: Doi tugng Life dang chia mot trang thai.
post: Céc 6 song dude in cho ngudi sit dung xem.
*/

{
int row, col;
cout << "\nThe current Life configuration is:
for (row = 1; row <= maxrow; row++) {
for (col = 1; col <= maxcol; col++)
if (grid[row][col] == 1) cout << "*7;

<<endl;

else cout << .
cout << endl;

cout << endl;

Cac ham phu trg

Céc ham phu trg duéi day c6 thé xem 1a khuén mau va cé thé duogc stta doi doi
chit dé dung cho cac tng dung khac.

void instructions()

/*

post: In huéng din st dung chuong trinh Game_Of Life.
*/

{

cout << "Welcome to Conway"s game of Life." << endl;
cout << "This game uses a grid of size "
<< maxrow << " by " << maxcol << " in which™ << endl;
cout << "each cell can either be occupied by an organism or not." << endl;
cout << "The occupied cells change from generation to generation" << endl;
cout << "according to the number of neighboring cells which are alive."
<< endl;

bool user_says yes()

.
int c;
bool initial _response = true;
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do { // Lap cho dén khi ngudi sit dung gé mot ky tu hop 1é.
if (initial_response)
cout << " (y,n)? " << Fflush;

else
cout << "Respond with either y or n: " << flush;

do { // Bb qua cac khodng tring.
c = cin.get(Q);
} while (c == *\n" || ¢ ==" " ]] c == "\t");
initial_response = false;
} while (c = "y" & c = "Y" && c I= "n" && c = "N");
return (c == "y" || c == "Y");

18.4.2_. Phién ban th hai véi CTDL méi cho Life

Phién ban trén gidi quyét dugc bai toan Game_OF Life nhung véi han ché la
lu6i cac & c6 kich thu6e giéi han. Yéu cau cta bai todn 1a td&m lu6i chda cac 6 cta
Life 1a khong c6 gi6i han. Ching ta c6 thé khai bdo 16p Life chia mot mang
that 16n nhu sau:

class Life {
public:

// Cac phuong thic.
private:
bool map[int][int];

// Céac thubc tinh khac va cdc ham phu trg.
}:

nhung cho dit né ¢6 16n may di nita thi cing van c6 gi6i han, dong thoi cac gidi
thuat phai quét hét tdt ca cdc 6 trong luéi 1a hoan toan phi pham. Piéu khong
hop ly & day la tai mdi thoi diém chi c6 modt s gi6i han cdc 6 cia Life 1a song,
tot hon hét chung ta nén nhin cdc 6 song nay nhu 12 mot ma tran thua. Va ching
ta sé dung céc ciu trac lién két thich hop.

18.4.2.1. Lua chon giai thuat

Chung ta sé thay, cdc cong viéc can xi 1y trén dir liéu gép phan quyét dinh cau
trac caa di liéu.

Khi can biét trang thai cha mot 6 dang séng hay chét, néu ching ta dung
phuong phép tra ctiu cia bang bam thi gidi thuat hiéu qud hon rat nhiéu: néu 6 c6
trong bang thi c¢6 nghia 1a né dang séng, ngugc lai 14 né dang chét. Viéce duyét
danh sach dé x4c nhan su c¢6 mit cia mot phan tit hay khong khong hiéu qua
bang phuong phap bam nhu ching ta da biét. Péi véi bat ky mot 6 nao cé trong
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cdu hinh, ching ta c6 thé xdc dinh s6 6 song chung quanh né bang cach tra ctu
trang thai cua ching.

Trong hién thuc mdéi cia ching ta cho phuong thic update, ching ta sé duyét
qua tat ca cac 6 c6 kha ning thay doéi trang thdi, xac dinh s6 6 song chung quanh
mdi 6 nho st dung bang, va chon ra nhiing 6 sé thuc su sdng trong trang thai ké.

18.4.2.2. DPaic ta cau trdc dit liéu

Tuy rang bang bam chda tat cd cic 6 dang séng, nhung né chi tién trong viéc
tra ctu trang thai cta ting 6 ma théi. Ching ta ciing sé can duyét qua céic 6 song
trong cdu hinh dé. Viéc duyét mot bang bam thuong khong hiéu qua. Do d6, ngoai
bang bam, ching ta can mdt danh sach cac 6 song nhu la thanh phan di liéu thd
hai ciia mot cdu hinh Life. Cac d6i tugng duge luu trong danh sach va bang bam
clia cau hinh Life cung chita thong tin vé céc 6 sdng, nhung ching ta c6 hai cach
truy cap khac nhau. Piéu nay phuc vu dic luc cho gidi thuat cta bai todn nhu da
phan tich & trén. Ching ta sé biéu dién cac 6 biang cdc thé hién cia mot ciu tric
goi 1a Cell: mdi 6 can mot cép toa do.

struct Cell {
Cell(Q { row = col = 0; } // Cac constructor
Cell(int x, inty) {row = x; col =vy; }
int row, col;

Khi cdu hinh Life néi rong, cac 6 & bia ngoai ctia né sé& xuit hién dan dan.
Nhu vay mot 6 mdéi s& xudt hién nho vao viéc cAp phat dong viung nhd, va né sé
chi dugc truy xudt dén thong qua con trd. Ching ta sé dung mot List ma mbi
phan ti chda con tré dén mot & (hinh 18.5). Mbi phan ti cta List gom hai con
trd: mot chi dén mot 6 dang séng va mot chi dén phan ti ké trong List.

Cho truéec mot con tré chi mot 6 dang séng, ching ta c6 thé xac dinh cac toa
do cta 6 d6 bing c4ch 1an theo con tré roi 14y hai thanh phan row va col cla né.
Nhu vay, ching ta c6 thé luu cdc con trd chi dén cdc 6 nhu la cdc ban ghi trong
bang bam; cac toa d0 row va col cua cac 6, duge xac dinh bédi con trod, sé la cac
khéa tuong dng.

Ching ta cin lua chon gitta bang bam dia chi mé va bang bam noi két. Cac
phan ti sé chia trong bang bam chi c6 kich thudc nhé: mdi phan ti chi cdn chia
mot con tré dén mot 6 dang song. Nhu vay, véi bang bam néi két, kich thude cha
moi ban ghi sé& tang 100% do phadi chia thém céc con tré lién két trong cdc danh
sach lién két. Tuy nhién, ban than bang bam noi két sé c6 kich thudc rat nhé ma
van c6 thé chda sé ban ghi 16n gdp nhiéu lan kich thuéc chinh né. V6i bang bam
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dia chi mé, cac ban ghi s& nhé hon vi chi chita dia chi cac 6 dang séng, nhung can
phai du trit nhiéu vi tri trong dé tranh hién tugng tran xdy ra va dé qua trinh
tim kiém khong bi kéo dai qué lau khi dung d¢6 thuong xuyén xay ra.
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Hinh 18.5 — Danh séch lién két gidn tiép.

Dé ting tinh linh hoat, ching ta quyét dinh s& dung bang bam noi két cé dinh
nghia nhu sau:

class Hash_table {
public:
Error_code insert(Cell *new_entry);
bool retrieve(int row, int col) const;
private:
List<Cell *> table[hash_size]; // Dung danh sédch lién két.

3

o) day, ching ta chi dic ta hai phuong thic: insert va retrieve. Viéc truy
xuat bang 1a dé biét bang c6 chia con tré chi dén mot 6 c6 toa do cho truéc hay
khong. Do d6 phuong thic retrieve can hai thong s6 chia toa do row va col va
tra vé mot tri bool. Ching ta danh viéc hién thuc hai phuong thiic nay nhu la
bai tap vi ching rat tuong tu véi nhiing gi ching ta da thao luian vé bang bam néi
két trong chuong 12.

Ching ta luu y ring Hash_table can c6 nhiing phuong thic constructor va

destructor cia né. Ching han, destructor cia Hash_table can goi destructor cla
List cho ting phan ti cia mang table.
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18.4.2.3. Lép Life

V6i cac quyét dinh trén, ching ta sé git lai cdch biéu dién va nhiing diéu can
luu ¥ cho 16p Life. P& cho viéc thay d6i c4u hinh dugc dé dang ching ta sé& luu
c4dc thanh phan dif liéu mot cach gian tiép qua cac con tré. Nhu vay 16p Life can
c6 constructor va destructor dé dinh vi ciing nhu gidi phéng cdc vung nhé cdp
phat dong cho céc ciu trac nay.

class Life {

public:
LifeQ;
void initialize();
void print(Q);
void update();
~Life(Q);

private:
List<Cell *> *living;
Hash_table *is_living;
bool retrieve(int row, int col) const;
Error_code insert(int row, int col);
int neighbor_count(int row, int col) const;

Cac ham phu trg retrieve va neighbor_count xac dinh trang thai cia mot
0 bang cach truy xuat bdng bam. Ham phu trg khéac, insert, khéi tao mot doi
tuong Cell cap phat dong va chén né vao bang bam ciing nhu danh sach céc 6
trong do6i tugng Life.

18.4.2.4. Cac phuong thic cua Life

Ching ta sé viét mot vai phuong thic va ham cta Life dé€ minh hoa cach xii ly
cac 0, cac danh sach va nhiing gi dién ra trong bang bam. Cac ham con lai xem
nhu bai tap.

Cap nhat cau hinh

Phuong thic update cé6 nhiém vu xac dinh cdu hinh ké& tiép cia Life tir mot
cdu hinh cho truée. Trong phién ban truéc, ching ta lam diéu nay bang cich xét
moi 6 ¢6 trong ludi chita cdu hinh grid, tinh cdc 6 ké& can chung quanh cho moéi 6
dé xac dinh trang thai ké& tiép ctia né. Cac thong tin nay dudc chia trong bién cuc
boé new_grid va sau dé dugc chép vao grid.

Ching ta sé& liap lai nhitng cong viéc nay ngoai trif viéc phai xét moi 6 c6 thé
c6 trong cdu hinh do day 12 mot luéi khong c6 gidgi han. Thay vao d6, chung ta
nén gi6i han tdm nhin cta ching ta chi trong cdc 6 c6 kha ning sé song trong
trang thai ké. D6 c6 thé 1a cdc 6 nao? Ro rang d6 chinh 1a cac 6 dang song trong
trang thai hién tai, chung c6 thé chét di nhung cling c6 thé tiép tuc song trong
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trang thai ké&. Ngoai ra, mot s6 6 dang chét cling c¢6 thé tré nén séng trong trang
thai sau, nhung d6 chi 14 nhiing 6 dang chét nim ké nhiing 6 dang séng (cac 6 c6
mau xdm trong hinh 9.18). Nhitng 6 xa hon nita khong c¢6 kha ning séng day do
ching khong c6 6 nao k& can dang sdng.

': :.l. . E—El. ll:
._|=

Hinh 18.6 — C4u hinh Life v6i cdc 6 chét vién chung quanh.

Trong phuong thiic update, bién cuc by Life new_configuration dung dé
chia cdu hinh méi: ching ta thuc hién vong ldp cho tat ca nhiing 6 dang séng va
nhiing 6 k& can cha ching, ddi véi mdi 6 nhu vay, trudc hét can xac dinh xem né
da dugc thém vao new_configuration hay chua, ching ta can phai cdn than dé
tranh viéc thém bi ldp lai hai 1an cho mot 6. Néu qua that 6 dang xét chua c6
trong new_configuration, ching ta dung ham neighbor_count dé quyét dinh
viéc ¢6 thém né vao cadu hinh méi hay khong.

O cudi phuong thic, ching ta cAn hodn d8i cdc thanh phin List va
Hash_table gitia cAu hinh hién tai va ciu hinh mdéi new_configuration. Su
hoan d6i nay lam cho d6i tuong Life c6 duoc cAu hinh da dugc cap nhat, ngoai
ra, n6 con bdo ddm rang cac 6, danh sdch, va bang bam trong c4u hinh cii cia doi
tuong Life sé dugce gidi phong khéi bd nhé cdp phat dong (viéc nay duge thuc
hién do trinh bién dich tu dong goi destructor cho d6i tuong cuc bo
new_configuration).

void Life::update()

/*

post: Doi tugng Life chia cAu hinh § trang thai ké.
uses: Lé6p Hash_table va lép Life va cdc ham phu trg.
*/

Life new_configuration;
Cell *old _cell;
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for (int i = 0; 1 < living->size(); i++) {
living->retrieve(i, old_cell); // Lay mot 6 dang song
for (int row_add = -1; row_add < 2; row_add ++)
for (int col_add = -1; col _add < 2; col_add++) {
int new_row = old_cell->row + row_add,
new_col old_cell->col + col_add;

// new_row, new_col 1a toa do cha 6 dang xét hoic 6 k& can clia né.
if (Inew_configuration.retrieve(new_row, new_col))
switch (neighbor_count(new_row, new_col)) {
case 3: // So 6 song k& can 1a 3 thi 6 dang xét tré thanh séng.
new_configuration.insert(new_row, new_col);
break;

case 2: // S0 6 sdng k& can 1a 2 thi 6 dang xét gilf nguyén trang thai.
if (retrieve(new_row, new_col))
new_configuration.insert(new_row, new_col);
break;

default: 7/ O sé chét.
break;
3

}
}
// Tréao di liéu trong configuration vdéi dit liéu trong new_configuration.
new_configuration sé dugc don dep bdi destructor caa né.
List<Cell *> *temp_list = living;
living = new_configuration.living;
new_configuration.living = temp_list;
Hash_table *temp_hash = is_living;
is_living = new_configuration.is_living;
new_configuration.is_living = temp_hash;

b

In cAu hinh

D€ in dugc tat cid cac 6 dang sdng, ching ta c6 thé liet ké 1an luot mdbi dong
mot & v6i toa do row, col ctia né. Nguge lai néu mudn biéu dién diang vi tri row,
col trén lu6i, ching ta nhan thiy ring ching ta khong thé hién thi nhiéu hon 1a
mot mau nhd cha mot cdu hinh Life khong c6 gidi han 1én man hinh. Do d6
ching ta s& in mot ctia s6 chit nhat dé hién thi trang thai cia 20 x 80 cac vi tri &
trung tAm cua c4u hinh Life.

D61 v6i mdi 6 trong clia s6, ching ta truy xuat trang thai clia né ti bang bam
va in mot ky tu trang hodc khac tring tuong Gng véi trang thai chét hoic song
cdaa no.

void Life::print()

/*

post: In mot trang thai cta doi tuong Life.
uses: Life::retrieve.

*/
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{
int row, col;
cout << endl << "The current Life configuration is:" << endl;
for (row = 0; row < 20; row++) {
for (col = 0; col < 80; col++)
if (retrieve(row, col)) cout << ***";
else cout << " *;
cout << endl;
}
cout << endl;
}

Tao va thém cac 6 méi

Phuong thic insert tao mot 6 méi véi toa do cho truéec va thém né vao bang
bam is_living va vao danh sach living.

ErrorCode Life::insert(int row, int col)

/*

pre: O c6 toa d0 (row,col) khong thudc vé d6i tugng Life (6 dang chét)

post: O c6 toa d0 (row,col) dugc bd sung vao d6i tuong Life (6 trd nén song). Né&u viée
thém vao List hoidc Hash_table khong thanh cong thi 16i sé dugc tra vé.

uses: Céclép List, Hash_table, va ciu tric Cell.

*/

{

Error_code outcome;
Cell *new_cell = new Cell(row, col);

int index = living->size();
outcome = living->insert(index, new_cell);
if (outcome == success)
outcome = is_living->insert(new_cell);
if (outcome != success)
cout << " Warning: new Cell insertion failed"” << endl;
return outcome;

Constructor va destructor cho cac déi tuong Life

Ching ta can cung cap constructor va destructor cho 16p Life cia ching ta dé
dinh vi va gidi phéng cac thanh phan cap phat dong ctia né. Constructor can thuc
hién todan ti new cho cac thudc tinh con tré.

Life::LifeQ

/*

post: Céc thudc tinh thanh phan cta déi tugng Life dugc cAp phat dong va dugc khdi tao.
uses: Cac lép Hash_table, List.

*/
{
living = new List<Cell *>;
is_living = new Hash_table;
}
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Destructor cdn gidi phéng moi phan ti dugc cdp phat dong béi bat ky mot
phuong thidc nao dé cta 16p Life. Bén canh hai con tré living va is_living
duge khéi tao nho constructor con cé cdc doi tuong Cell ma ching tham chiéu
dén da dugc cap phat dong trong phuong thic insert. Destructor can giai phong
cac doi tugng Cell nay trudc khi gidi phéng living va is_living.

Life::~LifeQ
/*
post: Céc thuodc tinh cap phat dong cia ddi tugng Life va cac doi tugng do ching tham chiéu
dugc gidi phong.
uses: Cac lép Hash_table, List.
*/
{
Cell *old_cell;
for (int i = 0; i < living->size(); i++) {
living->retrieve(i, old_cell);
delete old _cell;

}
delete is_living; // Goi destructor cia Hash_table.
delete living; // Goi destructor cia List.

Doi véi nhing cau tric cé nhiéu lién két bing con tré nhu thé nay, ching ta ludn
phai dat van dé vé kha ning tao ric do nhiing so suit cta ching ta. Thong
thudng thi destructor cia mot 16p luon 1am t6t nhiém vu cta né, nhung né chi don
dep nhiing gi thudc d6i tuong ctia né, chid khong biét dén nhiing gi ma déi tugng
cia n6é tham chiéu dén. Néu ching ta chiu quan, viéc don dep khong dién ra dung
nhu ching ta tuéng. Khi chay, chuong trinh c6 thé 1a quén don dep, ciing c6 thé
14 don dep nhiéu hon mot 1an d6i véi mot vung nhé duge caAp phat dong. Pay ciing
12 mot van dé kha 1y thd ma sinh vién nén tu suy nghi thém.

Ham bam

Ham biam & day c6 hoi khéc v6i nhilng gi ching ta da gip trong nhiing phan
trude, thong so cla né c6 dén hai thanh phan (row va col), nhd vay ching ta cé
thé dé dang st dung mot vai dang cia phép tron. Tru6c khi quyét dinh nén lam
nhu thé nao, ching ta hiay xét truong hgp mot mang chit nhat nhé c6 4nh xa mot
mot du6i day chinh 1a mot ham chi s6. Cé chinh xac 1a maxrow phan ti trong méi
hang, céc chi s i, j dugc 4nh xa dén i + maxrow*j dé dit mang chit nhat vao
mot chudi cdc vung nhé lién tuc, hang nay ké tiép hang kia.

Chung ta nén dung cach anh xa tuong tu cho ham bam cia ching ta va sé thay
thé maxrow biang mot s6 thich hgp, chdng han nhu mot s6 nguyén to, dé viéc

phan phoi dugc rai déu va gidm su dung do.
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const int factor = 101;

int hash(int row, int col)

/*

post: Tra vé gia tri ham bam tir 0 dén hash_size - 1 tuong tng véi toa do (row, col).
*/

{
int value;
value = row + factor * col;
value %= hash_size;
if (value < 0) return value + hash_size;
else return value;
3

Cac chuong trinh con khac
Cac phuong thic con lai culGa Life nhu initialize, retrieve, va

neighbor_count déu dugc xem xét tuong tu nhu cdc ham via réi hodc nhu céc
ham tuong tng trong phién ban tht nhat. Chung ta danh ching lai nhu bai tap.
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