THIET KE GIAI THUAT

Noi dung ctia chuong nay trinh bay hai chién luoc thiét ké thuat giai thong
dung 14 vét can va tham lam. Noi dung cua chuong, ngoai phan trinh bay vé cac
phuong phap con c¢6 nhiing vi du cu thé, ca thuat giai va cai dat, dé nguoi doc co
mot cai nhin chi tiét vé viéc tir thuét toan dén chuong trinh.

1. Vét can (Exhausted search)

Vét can, duyét, quay lui... 1a mot sb tén goi tuy khong déng nghia nhung
cung chi mot phuong phéap rat don gian trong tin hoc: tim nghiém ciia mét bai
toan bang cach xem xét tat ca cac phwong an c6 thé. Ddi v6i con ngudi phuong
phap nay thuong 13 khong kha thi vi sé phuong an can kiém tra qua 1on. Tuy nhién
d6i véi may tinh, nhd toc do xu 1i nhanh, may tinh c6 thé giai rat nhicu bai toan
bang phuong phap vét can.

Uu diém 16n nhat ctia phwong phap vét can 1 luén dam béo tim ra nghiém
chinh xdc. Ngoai ra phuong phap vét can con cé mot sé uu diém so voi cac
phuong phap khac 1a doi hoi rat it bd nhd va cai dat don gian. Han ché duy nhét
ctia phuong phap ndy 13 thoi gian thwe thi rat 16n, do phuc tap thudng ¢ bac mil.
Do d6 vét can thuong chi ap dung t6t voi cac bai toan ¢ kich thudc nho.

1.1. Bai toan tim cAu hinh t6 hop

Thudng nhitng bai toan trong Tin hoc ¢ yéu cau dang: tim cac dbi twgng x
thoda man nhiing diéu kién nhat dinh trong mot tap S cac dbi tuong cho trude. Bai
toan tim cdu hinh td hop 1a bai toan yéu cau tim cac dbi tuong x c6 dang la mot
vector thoa man cac diéu kién sau:

1. Poi tugng x gom n phan tir: X = (X1,X2,...Xy).

2. Moi phﬁn tlr x; ¢6 thé nhan mot trong c4c gia tri roi rac ay, ay, ... an.

3. x thoa min cac rang budc co thé cho béi ham logic G(x).

Tuy ting truong hop ma bai toan c6 thé yéu cdu: tim mot nghiém, tim tat ca
nghi¢m hoac dém s nghiém.
Truéce hét ching ta nhéc lai mdt sd cdu hinh to hop co ban.
a) Té hop

Mot to hop chap k cta n 1a mot tap con k phan tir ctia tip n phan ti.

Chang han tap {1,2,3,4} co cac t6 hop chap 2 la: {1,2}, {1,3, {1.4, {2,3}, {2,4},
{3,4}. Vi trong tap hop cac phan tir khong phan biét thir ty nén tap {1,2} ciing 1a
tap {2,1} va do do, ta coi chung chi 1a mét t6 hop.



Bai toan dit ra cho ching ta 13 hiy xac dinh tat ca cac to hop chap k ciia
tap n phan tir. Dé don gian ta chi xét bai todn tim cac t6 hop cua tap cic sd
nguyén tir 1 dén n. P6i voi mot tap hiru han bat ki, bang cach danh sé thu tu cua
cac phan tir, ta cling dua dugc vé bai toan ddi véi tap cac sd nguyén tir 1 dén n.

Nghiém can tim ciia bai toan tim céc t6 hop chap k ciia n phan tir phai thoa méan
cac diéu kién sau:

1. La mdt vector X =(x,Xa,...Xk)

2. x; lay gié tri trong tap {1,2,...n}

3. Rang budc: xi<x;:; v6i moi gia tri i tir 1 dén k-1.

C6 rang budc 3 1a vi tap hop khong phan biét thr ty phan tir nén ta sip xép cac
phan tir theo thir tu ting dan.
b) Chinh hop lap

Chinh hop 13p chap k ctia n 1a mot ddy k thanh phan, mdi thanh phan 13 mot

phan tir ctia tip n phan tir, c6 xét dén thtr ty va khong yéu cau cac thanh phan khéc
nhau.

Mot vi du d& thay nhat ctia chinh hop lip 14 cac ddy nhi phan. Mot diy nhi
phan d6 dai m 12 mot chinh hop lap chap m cua tap 2 phan tir {0,1}. Chang han
101 1a mgt day nhi phan d¢ dai 3. Ngoai ra ta con c¢6 7 day nhi phan d¢ dai 3 nira
1a 000, 001, 010, 011, 100, 110, 111. Vi co6 xét thtr tu nén day 101 va day 011 1a 2
day khac nhau.

Nhu viy, bai todn xac dinh tat ca cac chinh hop lip chip k ciia tip n
phan tir yéu cau tim cic nghiém nhu sau:

1. La mdt vector X =(x1,Xa,...Xg)
2. x; lay gié tri trong tap {1,2,...n}
3. Khong ¢ rang budc nao giira cac thanh phan.

Chu ¥ 14 ciing nhu bai toan tim t6 hop, ta chi xét dbi véi tap n s6 nguyén tir
1 dén n. Néu tap hop can tim chinh hop khong phai 14 tap cac s6 nguyén tir 1 dén n
thi ta c6 thé danh sb cac phan tir cia tip d6 dé dua vé tip cac sé nguyén tir 1 dén n
¢) Chinh hop khong lap

Khac véi chinh hop 1ap 1a cac thanh phan duoc phép lip lai, tic 14 ¢ thé

gidng nhau, chinh hop khong lp chap k cta tap n phan tir ciing 1a mot ddy k thanh
phan ly tir tdp n phan tir c6 xét thir tw nhung cac thanh phan khong dugc phép

gidng nhau.



Chang han c6 n ngudi, mot cach chon ra k ngudi dé xép thanh mot hang 1a
mot chinh hgp khong 1ap chap k cua n.

Mot truong hop dac bi¢t cua chinh hop khong 1ap 1a hoan vi. Hoan vi cua
mot tp n phan tir 13 mot chinh hop khong lap chap n. Noi mot cach truc quan thi
hoan vi cuia tap n phan tir 1a phép thay doi vi tri ctia cac phan tir (do d6 méi goi 1a
hoan vi).

Nghiém cutia bai toan tim cac chinh hep khéong Lip chip k cia tip n sb
nguyén tir 1 dén n 1a cac vector x thoa méin céac diéu kién:

1. x ¢6 k thanh phan: x = (x,Xa,...xk)

2. Céc gia tri xi lay trong tap {1,2,..n}

3. Rang budc: cac gia tri xi do1 mot khac nhau, tirc 1a xi#xj v61 moi i#].

D6 1a mot s6 bai toan tim cu hinh t6 hop co ban. Chung ta s& xem xét mot sd
bai toan khac dé thay tinh phd bién ctia 16p cac bai toan dang nay.

d) Bai todin xép hiu

Cho ban co vua nxn. Hay x€ép n con hau 1én ban co sao cho khong con nao
khong ché con nao. Hai 2 con hiau khong ché nhau néu ching ¢ trén cung mdt
hang, mot cot hoac mdt duong chéo.

Chang han ta c6 mot cach dat sau, cac 6 den la cac vi tri dat hau:

Pé chuyén bai toan ndy vé dang chuan cua bai toan tim cu hinh to hop, ta
c6 c6 nhan xét: mdi con hau phai ¢ trén mot hang va mot cot. Do d6 ta coi con hau
ther i & hang i va néu biét x[i] 1a cot dat con hau thir i thi ta suy ra duoc 101 giai.
Viy nghiém cta bai toan co thé coi 1a mot vector x gdbm n thanh phan véi y nghia:

1. Con hau thir 1 dugc dat ¢ hang 1 va cot x[1].
2. x[i] 14y gia trj trong tap {1,2...n}
3. Rang budc: cac gia tri x[1] khac nhau tirng d61 mot va khong c6 2 con hau ¢
trén cung mot duong chéo.
Trong phan cai dit, chung ta s& phén tich chi tiét vé cac rang budc trén.



e) Bai toan tw dep (xdu ABC)

Mot tr dep 1a mot xau do dai n chi gém cac ki ty A,B,C ma khong c6 2 xau
con lién tiép ndo gidng nhau. Chang han ABAC 1a mot tir dep do dai 4, BABCA 1a
mot tur dep do dai 5.

Bai toan tim tat ca céc tir dep do dai n cho trude yéu cau tim nghiém 1a cac

vector x ¢6 n thanh phan:
1. x1 nhan giéa tri trong tap {A.B,C}
2. x khong c6 2 doan con lién tiép nao bang nhau.

Trudc khi trinh by vé phuwong phap vét can giai cic bai toan tim cu hinh to
hop, chiing ta xem xét cac bai toan t6i wu to hop, vi cac bai toan tdi vu td hop thuc
chat 1 sy m& rong ciia bai toan tim cau hinh t6 hop.

1.2. Bai toan tdi wu t6 hop

Bai toan ti wu tong quat c6 thé phat biéu nhu sau: Cho tap B khac rong va
mot ham f:B—R goi 1a ham muc tiéu. Céan tim phﬁn tor x thudc B sao cho f(x) dat
gia tri nho nhét hodc 16n nhéat. Phan tir x 1a nghiém cua bai toan con duoc goi 1a
phuong an tdi uu.

Bai toan t6i uu to hop 1a bai toan tim phuong an t6i uu trén tap cac cau hinh
t6 hop. Nghiém cila bai toan ciling 1a mot vector x gdm n thanh phén sao cho:

1. x=(X1,X2,...Xn)

2. xi ldy gia tri trong tap {a;,a,,...am}

3. x thod man céc rang budc cho bo1 ham G(x).
4. f(x) - min/max.

Chung ta s& phan tich mot s6 bai toan tdi wu t6 hop dién hinh. Phan 16n déu
1a cac bai toan NPC.

a) Bai toan xép balo

C6 mdt bald c6 tai trong m va n dd vat, d6 vat i co trong lugng wi va c6 gia
tr1 vi. Hay luya chon céc vat dé cho vao bald sao cho téng trong luong ctua chiing
khong qua M va tong gia tri ciia chung 14 16n nhat.

MBJi cach chon cac d6 vat cho vao bald déu twong Gmg voi mot vector x gdm
n thanh phﬁn ma xi=1 néu chon dua vat thr i vao bald, va xi=0 néu vat thir i khong
duoc chon.

Khi d6 rang budc tong trong luong cac d6 vat khong qué tai trong ctia bald

dugc viét thanh:



n
> x,w, <m
i=1

Ham muc ti€u la téng gia tri cua cac dd vat duoc chon:
f(x) =) x,v, > max
i=1
Nghiém cuia bai toan ciing 1a mdt vector x gdm n thanh phan sao cho:
1. x=(X1,X2,...XN)
2. xi lay gia tri trong tap {0,1}
3. Rang budc: Y x,w, <m

i=1
4. f(x)= Zn:xivi — max.
i=1
b) Bai toan nguwoi du lich
C6 n thanh phd, d[i,j] 12 chi phi dé di chuyén tir thanh phé i dén thanh phd j.

(Néu khong c6 duong di thi d[i,j] = o). Mot ngudi mudn di du lich qua tat ca cac
thanh pho, mdi thanh phd mét 1an rdi trd vé noi xuat phat sao cho tong chi phi 1a
nho nhat. Hiy xac dinh mét duong di nhu vay.
Phuong 4n tdi wru ctia bai toan ciing 1a mot vector x, trong d6 xi 1a thanh phd

s& dén tham tai 1an di chuyén tht i. Cac diéu kién cua x nhu sau:

1. x=(X1,X2,...XN)

2. xi ldy gia tri trong tap {1,2,...n}

3. Rang budc: xi # xj vO1 moi 1#] va d[x1,xi+]<co véi moi i=1,2,..n, coi

XN+17=X1.
4. f(x) = Yd[x,,x_,]— min
i1

Trén day ta da xét mot sd bai toan tim cau hinh t6 hop va bai toan t6i wu to hop.

Trong phan tiép chiing ta s& tim hiéu phuong phap vét can giai cac bai toan do.

1.3. Phuong phap vét can gidi cac bai toan cAu hinh to hop va tdi wu t6 hop
Phuong phép vét can 1a phuong phap rat tong quat dé don gian dé giai cac

bai toan cau hinh t6 hop va téi wu to hop. ¥ tuong co ban 1a: bang mot cach nao do

sinh ra tit ca cac cau hinh c6 thé rdi phan tich cac cdu hinh bang cdc ham rang

budc va ham muc tiéu dé tim phuong an t6i vu (do d6 phuong phap nay con duoc

goi la duyét toan bg).



Duya trén y tudng co ban do, nguoi ta ¢o 2 cach tiép can khac nhau dé duyét
toan bd cac phuong an.

Phuong phap thir nhat 1a phuong phép sinh tuan ty. Phuong phap nay cin
xac dinh mot quan hé thr tu trén cac cau hinh (goi 1a thir ty tir dién) va mot phép
bién d6i dé bién mot cau hinh thanh cu hinh ngay sau né. Mdi lan sinh duoc mot
cau hinh thi tién hanh dinh gi4, so sanh v&i cau hinh t6t nhat dang c6 va cap nhat
néu cdu hinh méi tét hon.

Gia ma cua thuat toan tim cdu hinh t6i wu bang phuong phéap sinh nhu sau:
Procedure sinh;
begin
x :=cau_hinh dau_tien;
best :=x;
Repeat
x := Cau_hinh_tiep_theo(x);
if f(x) "tot hon" f(best) then best := x;
Until x = cau_hinh_cuoi_cung;
end;

Thuét toan thyc hién nhu sau: tim cau hinh dau tién va coi d6 1a cau hinh t6t
nhét. Sau do 1an lugt sinh cic cau hinh tiép theo, mdi 1an sinh dugc mot cau hinh
ta so sanh nod véi cdu hinh tot nhat hién co (best) va néu n6 tét hon thi cap nhat
best. Qua trinh dung lai khi ta sinh dugc cau hinh cudi cung. Két qua ta duoc
phuong an ti uu 1 best.

Phuong phép sinh tuan ty thuong rat kho ap dung. Khé khan chu yéu 1a do
viéc xac dinh thir tu tir dién, cdu hinh dau tién, cdu hinh cudi cing va phép bién
d6i mot cau hinh thanh cu hinh tiép theo thudng 1a khong dé dang.

Phuong phap thir hai la phuong phap quay lui d¢ quy. Tu tudng co ban cua
phuong phép 1 xay dung ting thanh phan cta ciu hinh, tai mdi budc xay dung
déu kiém tra cac rang budc va chi tiép tuc xay dung cac thanh phan tiép theo néu
cac thanh phan hién tai 14 thoa man. Néu khong con phuong 4n nao dé xay dung
thanh phan hién tai thi quay lui, xdy dung lai cac thanh phan trudc do.

Mo hinh co ban ctia phuong phdp quay lui d¢€ quy nhu sau:
Procedure Search;

begin



Try(1);
end;
procedure Try(i);
var j;
Begin
forj:=1tomdo
if <chon dugc a[j]> then begin
x[i] == aljl;
<ghi nhan trang thai mdoi1>;
if i=n then Update
else Try(i+1);
<trd lai trang thai cti>;
end;
end;
procedure Update;
begin
if f(x) "t6t hon" f(best) then best := x;
end;

Pé duyét toan bo cac cAu hinh, ban dau ta goi dén Try(1). Try(1) sé& lya chon
cho x; mot gid tri thich hop dau tién, ghi nhan trang thai roi goi dé quy dén Try(2).
Try(2) lai Iya chon mot gia tri cho x,, ghi nhan trang thai va goi dén Try(3). Cu
nhu vay ¢ budc thtr 1, thuat toan tim mot gia tri cho xi, ghi nhan trang thai roi go1
dé quy dé sinh thanh phan xi,;. Khi sinh da n thanh phan cta x thi ding lai dé cap
nhat phuong 4n toi wu. Néu moi kha nang cia xi,; déu da xét qua thi vong for cta
Try(i+1) thuc hién xong, theo co ché dé quy chuong trinh s& quay vé diém goi dé
quy cta Try(i). Trang thai cii truéc khi chon xi duge phuc hdi va vong for cua
Try(i) sé tiép tuc dé chon gié tri phi hop tiép theo ciia xi, d6 chinh 14 thao tac quay
lui. Khi quay lui vé dén Try(1) va xét hét moi kha ning cua x; thi chuong trinh
con d¢ quy két thac va ta da duyét dugc toan bo cac cAu hinh.

Trén day la cac thudt toan vét can ddi voi bai toan tim cAu hinh tdi wu.
Trong trudng hop bai toan can tim mot cau hinh, tim moi cdu hinh hay dém sé cau
hinh thi thuat toan ciing twong tw, chi khac & phan cap nhat (Update) khi sinh duogc

mot cau hinh méi.



Chang han thu tuc Update d6i v&i bai toan tim va dém moi cau hinh s& ting
s6 cdu hinh va in ra cu hinh vira tim duoc:
procedure Update;
begin
count := count + 1;
print(x);
end;
Chung ta s& dung thuét toan quay lui dé quy dé giai cac bai toan cau hinh to
hop va téi wu t6 hop da trinh bay & trén.
a) Sinh cdc t6 hop chdp k ciia n

Pay 14 bai toan sinh t6 hop di dugc chung ta trinh bay & phan trén. Ta s&
giai bang thuat toan tim cu hinh t6 hop bang dé quy quay lui.
Vé cdu trac dit liéu ta chi cAn mot mang x dé biéu dién t6 hop. Rang budc dbi voi

gia tri x[i] 1a: x[i-1]< x[i] < n—k+i. Thu tuc d¢ quy sinh t6 hop nhu sau:

procedure Try(i);
var j;
begin
for j .= x[i—1]+1 to n—k+1 do begin
x[i] =J;
if i=k then Print(x)
else Try(i+1);
end;
end;

Duéi day 1a toan van chuong trinh sinh to hop viét bang ngon ngir Pascal.
DPé don gian, cac gia tri n,k dugc nhap tir ban phim va cac to hop dugc in ra man

hinh. Nguoi doc c6 thé cai tién chuong trinh dé nhap/xuét ra file.

program SinhTohop;
uses crt;
const
max = 20;
var
n,k : integer;

x : array[0..max] of integer;



procedure input;

begin
clrscr;
write('n,k ="); readln(n,k);
writeln('Cac to hop chap 'k,' cua ',n);

end;

procedure print;

var
1: integer;

begin
fori:=1 to k do write(' ', x[1]);
writeln;

end;

procedure try(i:integer);

var
j : integer;
begin
for j :=x[i-1]+1 to n-k+1 do begin
x[i] =7
if 1 =k then Print
else try(i+1);
end;
end;

procedure solve;
begin
x[0] .= 0;
try(1);
end;




BEGIN
input;
solve;

END.

Cht ¥ trong phan cai dit 1a c¢6 khai bao thém phan tr x[0] dé lam "linh
canh", vi vong lap trong thu tuc dé quy co truy cap dén x[i—1], va khi goi Try(1)
thi s& truy cap dén x[0].

b) Sinh cac chinh hop lap chdp k cia n

Xem lai phén tich cta bai toan sinh chinh hop ldp chap k cta n ta thdy hoan
toan khong c6 rang budc nao ddi voi cu hinh sinh ra. Do d6, ciu trac dir liéu cia
ta chi gom mot mang x dé luu nghiém. Thuét toan sinh chinh hop l3p nhu sau:
procedure Try(i);
var j;
begin

for j ;=1 to n do begin
x[i] =3
if i=k then Print(x)
else Try(i+1);
end;
end;

Du6i day 1a chuong trinh sinh tit ca cdc ddy nhi phan do dai n. Pé don gian,
chuong trinh nhp n tir ban phim va in cic két qua ra man hinh.
program SinhNhiphan;
uses crt;
const

max = 20;
var
n : integer;

x : array[ l..max] of integer;

procedure input;
begin

clrscr;



write('n ="); readIn(n);
writeln('Cac day nhi phan do dai ',n);

end;

procedure print;

var
1: integer;

begin
fori:=1 to n do write(' ', x[1]);
writeln;

end;

procedure try(i:integer);

var
j : integer;
begin
forj :=0to 1 do begin
x[i] :=J;
if 1 =n then Print
else try(i+1);
end;

end;

procedure solve;
begin

try(1);
end;

d
BEGIN

input;
solve;
END.



¢) Sinh cdac chinh hop khong lap chdp k cua n

Chinh hop khong 1ap yéu cau cac phan tir phai khac nhau. Bé dam bao diéu
do, ngoai mang x, ta s€ dung thém mot cau trac dit liéu nira 1a mang d dé danh
d4u. Khi mot gia tr1 duoc chon, ta danh dau gia tr1 do, va khi chon, ta chi chon cac
gia tri chua danh dau. Mang d s€ 1a "trang thai" cua thuat toan. Ban doc xem phﬁn
gia ma dudi day dé thay rd hon ¥ tuong do.
procedure Try(i);
var j;
begin

forj:=1tondo
1f d[J]=0 then begin

x[i] =j;d[j] = 1
if i=k then Print(x)
else Try(i+1);
d[i] :=0;

end;

end;

Chuong trinh dudi day sé sinh toan bd cac hoan vi cta tap n s6 nguyén tir 1
dén n. Gia tri n duoc nhap tr ban phim va cac hoan vi duoc in ra man hinh.
program SinhHoanvi;
uses crt;
const

max = 20;
var
n : integer;

X,d : array[ l..max] of integer;

procedure input;

begin
clrscr;
write('n ="); readIn(n);
writeln('"Cac hoan vi cua day ',n);

end;



procedure print;

var
1: integer;

begin
for 1 := 1 to n do write(' ', x[1]);
writeln;

end;

procedure try(i:integer);
var
] : integer;
begin
forj:=1tondo
if d[j] = 0 then begin
x[i] =5 d] = 1;
if 1 = n then Print
else try(i+1);
d[j] = 0;
end;

end;

procedure solve;
begin

try(1);
end;

d
BEGIN

input;
solve;
END.



d) Bai todn xép hiu

Khac v6i nhitng bai toan sinh cac cdu hinh don gian & phan trudc, sinh cac
cau hinh cua bai toan xép hau doi hoi nhirng phan tich chi tiét hon vé cac diéu kién
rang budc.

Rang budc thi nhat 1a cac gia tri x[i] phai khac nhau. Ta c6 thé dung mot
mang danh d4u nhu & thuét todn sinh hoan vi dé dam béo diéu nay.

Rang budc thir 2 1a cac con hau khong duoc ndm trén cing mot dudng chéo
chinh va phu. Cac ban c6 thé dé dang nhan ra rang 2 vi tri (x1,y;) va (X2,y2) nam
trén ctng duong chéo chinh néu:

X1~y 1=Xy—y2=const.
Tuong tu, 2 vi tri (x1,y1) va (X2,y2) nam trén cing duong chéo phu néu:
X1t+y1=Xyt+y,=const

Do do, con hau i dat tai vi tri (1,x[1]) va con hau j dat tai vi tri (j,x[j]) phai
thoa man rang budc:

i—x[1] # j—x[j] va i+x[i] # j+x[j] v6i moi i#]

Ta c6 thé viét riéng mot ham Ok dé kiém tra cac rang budc d6. Nhung giai
phap tot hon 13 dung thém cic mang danh diu dé mo ta rang mot duong chéo
chinh va phu da c6 mot con hau khéng ché. Tic 13 khi ta ddc con hdu i & vi tri (1)),
ta s& danh dau dudng chéo chinh i-j va duong chéo phu i+j.

Nhu vay vé cau tric dit liéu, ta dung 4 mang:

1. Mang x vo1 y nghia: x[i] 1a cOt ta s& dat con hau th 1.

2. Mang cot véi y nghia: cot[j]=1 néu cot j da c6 mdt con hau dugc dat, nguoc
lai thi cot[j]=0.

3. Mang dcc véi y nghia: dec[k]=1 néu dudng chéo chinh tht k di c6 mot con
hau dugc dat, tirc 1a ta da dat mot con hau tai vi tri (1,)) ma i—j=k; nguoc lai
thi dec[k]=0.

4. Tuong tu ta ding mang dcp vé6i ¥ nghia: dep[k]=1 néu dudng chéo phu thu
k da c6 mdt con hau duoc dat.

Gia ma cua thuat toan Xép hau nhu sau:
procedure Try(i);
var j;
begin
forj:=1tondo



if (cot[j]=0) and (dcc[i-j]=0) and (dcp[i+j]=0) then begin
x[i] =J;
cot[j]:=1; dcc[i-j]:=1; dep[itj]:=1; {ghi nhan trang thdi mdi}
if i=n then Update
else Try(i+1);
cot[j]:=0; dcc[i-j]:=0; dep[i+j]:=0;  {phuc héi trang thdi cii}
end;
end;
procedure Update;
begin
count := count + 1;
print(x);
end;
Phan dudi 13 toan bo chuong trinh tim cac phuong 4n xép hau trén ban co
8x8. Chuong trinh tim dugc 92 phuong an khac nhau.

e) Bai toan tw dep

Tat ca cac bai toan ta dd giai ¢ trén déu c6 cau hinh c6 thanh phan 1a cac sd
nguyén. Riéng bai toan tir dep thi can tim ciu hinh 1 mot xau. Ta ¢ thé dung mot
mang ki ty dé thay thé, tuy nhién diéu d6 khong can thiét vi ngdn ngir Pascal ciing
c6 kha nang xur 1i x4u ki ty rat tot.

Mo hinh quay lui ctia bai toan tir dep c6 thé viét nhu sau:
procedure Try(i)
var ¢;
begin
for ¢ :='A' to 'C' do begin
X =X+c¢;
if Ok(i) then
if i=n then Update
else Try(i+1);
delete(x,1,1);
end;
end;

procedure Update;



begin
count := count + 1;
print(x);

end;

Céc thu tuc Try, Update kha tuong tu cac bai toan khac. Riéng dé viét ham
Ok kiém tra Iya chon hién tai cho x[i] c6 phu hop khong, ching ta phan tich siu
hon nhu sau:

Trudc hét ta thdy rang khi lua chon dén x[i] thi x4u x[1..i-1] da thoa man
tinh chét cua tir dep. Nhu vay néu x[1..i] khong thoa mén tinh chét cua tir dep thi
chi ¢6 kha nang 1a do ki ty thir i méi dugc chon khong phu hop. Vay ham Ok(i)
chi can kiém tra cdc xau con c6 chira x[i] c6 giéng mot xau con lién ké trudc nd
hay khong? Néu c6 thi gia tri x[i] d6 khong thoa méan va ta phai chon gia tri khac.
Nguoc lai néu gia tri x[i] thoa mén thi ta cip nhat két qua hodc dé quy tiép tuy
thudc vao viéc ta da chon du n ki tu chua.

Ham Ok c6 thé viét nhu sau:
function Ok(1)
begin
Ok := false;
fork:=1toldiv2do
if copy(x,l-k+1,k) = copy(x,1-2*k+1,k) then exit;

Ok := true;
end;

Néu doc gia thiy ham Ok kho hiéu thi chiing t6i c6 thé giai thich nhu sau: ta
can kiém tra moi xau con c6 chira ki tu cudi ciing c6 bang xau con lién ké trude nd
hay khong? D¢ dai xau dang c6 1a 1, do do cac xau con c6 chira ki ty thtr 1 ¢6 kha
ning bang xau lién ké trudc néd chi co do dai tir 1 dén 1/2. Biéu thic copy(x,l-
k+1,k) cho két qua 1a xau con gdm k ki tu cudi cing cua x va biéu thic copy(x,l-
2*%k+1,k) cho xau con k ki tu ngay trude xau con co k ki tu cudi cung.

Phan cai dat chuong trinh cu thé xin danh cho ddc gia. Phan tiép theo chung toi
xin dé cap dén bai toan tdi uu to hop.
f) Bai toan ngwoi du lich.

Poc gia dé dang nhan thdy mdi phuong an ciia bai toan ngudi du lich 13 mot

hoan vi cua n thanh phd. Do d6 ta c6 thé ding mé hinh vét can cua bai toan sinh



hoan vi dé tim cac phuong an. Va ta sit dung thém rang budc: d[xi.;,xi]<co. Mat
khac vi phuong 4n 12 mot chu trinh nén ta c¢6 thé coi thanh phd xuét phat 13 thanh
phé 1.
Thuat giai bai toan ngudi du lich bing vét can nhu sau:
procedure Search;
begin
min := oo;
x[1]:=1;dd[1] :=1;
try(2);
end;
procedure Try(i)
var j;
begin
forj:=1tondo
if (dd[j]=0) and (d[x[i-1],j] < ) then begin
x[1] =j; dd[j] = 1;
if i=n then Update
else Try(i+1);
dd[j] =0;
end;
end;
procedure Update;
var s,1;
begin
s :=d[x[n],1];
fori:=1ton-1dos:=s+d[x[i],x[i+1]];

if s < min then begin

min :=s;
best = x;
end;

end;
Lép cac bai toan t6i wu to hop rat rong. Phan 16n cac bai toan dé trong

truong hop tong quat chi cé thuat toan toi wu duy nhat 13 vét can. Tuy nhién,



nhugc diém cua phuong phap vét can 1a do phuc tap tinh toan rat 1on do hién
tugng bung no t6 hgp. Cac ban nhé lai rang s6 hoan vi clia tip n phan tir 1a n!. Do
d6 trong trudong hop xau nhat thudt toan vét can d6i véi bai toan nguoi du lich 1a
O(n!).

C6 2 giai phap khac phuc van dé nay. Giai phap thir nhat cai tién phuong
phap vét can béng k¥ thuat nhanh can, tirc 1a loai bé ngay cac hudng di chic chin
khong dan dén phuong an t6i wu. Giai phap thir 2 1a st dung cac phuong phap
khac, ma hai phuong phap ndi bat nhat 13 phuong phap quy hoach dong va phuong
phap tham lam.

Phan tiép theo, chung to1 sé trinh bay so lugc vé ky thuat nhanh can.
1.4. Ky thuat nhanh can

Nguyén nhan dan dén do phirc tap cta cac bai toan t6i vu to hop 1a hién
trong bung nd to hop. 6 1 hién twong sé cAu hinh t6 hop ting theo ham mii d6i
v6i s thanh phan t6 hop n. Pon gian nhét 1a cac day nhi phan, mdi thanh phan to
hop chi ¢6 2 kha nang 1a 0 va 1 thi s6 cac ddy nhi phan do dai n di 1a 2". Do d6
viéc sinh toan bd cac cau hinh t6 hop s& khong kha thi khi n 16n.

Qua trinh vét can kiéu quay lui 1a mot qua trinh tim kiém phan cép, tac 1a
cac thanh phﬁn X1, Xa... s& dugc chon trude. Néu tai bude i ta chon mot gia tri x1
khong t6i wru thi toan bo qua trinh chon xi., Xi4,... s€ hoan toan vo nghia. Ngugc
lai, néu ta x4c dinh duoc réng gia tri xi d6 khong dan dén cAu hinh tdi vu thi ta s&
tiét kiém duoc toan bo cac budc chon xiyq, Xi,... Tiét kiém d6 doi khi 1a déng ké.
Chang han néu d6i v6i bai toan duyét nhi phan (t6i wu cic cau hinh 1a ddy nhi
phan) ta xac dinh dugc x;=0 khong hop Ii thi ta da tiét kiem duoc 2™ bude duyét
phia sau. B¢ chinh 1a tu tuéng cua phuong phap nhanh can.

M6 hinh quay lui ¢6 nhénh can nhu sau:
Procedure Search;
begin
Try(1);
end;
procedure Try(i);
var j;
Begin

forj:=1tomdo



if <chon duogc a[j]> then begin
x[i] = aljl;
<ghi nhan trang thai md&i1>;
if i=n then Update

else
if Ok(i) then Try(i+1);
<tra lai trang thai cti>;
end;
end;

Cai tién so v6i phuong phap vét can thuan tuy 1a & cau lénh if Ok(i) then
Try(i+1);. Him Ok & day dugc dung dé dénh gia tinh trang ctia cAu hinh hién tai.
Thir nhit 13 c6 dam bao dan dén cdu hinh tdi wu hay khong. Néu khong thi it nhat
cling phai dam béo cho gid tri ham muc tiéu tét hon phuong an tot nhat ta dang co.

Ki thuat nhanh can rat da dang, phu thudc vao tirng bai toan va tu duy cua
nguoi 1ap trinh. Chung ta s& xem xét mot sb bai toan toi wu giai bang phuong phap
nhanh can.

Pau tién 14 bai toan ngudi du lich. Ta c6 nhan xét: tai lan di chuyén thu i,
néu tong chi phi dang c6 > chi phi ciia phuong an tot nhit ta dang c6 thi rd rang
viéc di tiép khong mang dén két qua tét hon. Do d6 ta c6 thé dit mot nhanh can
don gidn nhu sau:
procedure Try(1)
var j;
begin

forj:=1tondo
if (dd[j]=0) and (d[x[i-1],j] < ) then begin
x[1] :=73; dd[j] :=1; s :=s + d[x][i-1],j];
if i=n then Update

else
if s <min then Try(i+1);
dd[j] :=0; s :=s - d[x[1-1],j];
end;

end;



Hai bién s, min 13 cic bién toan cuc, trong d6 min dung dé luu chi phi cia
phuong an tot nhat con s luu tong chi phi hién tai.

Ta c6 thé tiép tuc cai tién can ndy bang viéc khong chi xét chi phi dén thoi
diém hién tai ma con xét ludn ca chi phi toi thiéu dé két thuc hanh trinh. Goi dmin
1a gia tri nho nhat cia bang d, twong duong voi chi phi nhé nhat cua viée di
chuyén tir thanh phd nay dén thanh phd kia. Tai budc th i thi ta con phai thuc
hién n—i+1 budc di chuyén nita thi méi két thuc hanh trinh (di qua n—i thanh phd
con lai va quay vé thanh phé 1). Do d6 chi phi cua ca hanh trinh s& toi thiéu I s +
(n—i+1)*dmin. Néu chi phi nay con 16n hon chi phi ciia phuong an tot nhét thi ro
rang lwya chon hién tai cling khong thé dan dén mot phuong an tt hon. Chuong
trinh con vét can dé quy co thé sira thanh:
procedure Try(i)
var j;
begin

forj:=1tondo

if (dd[j]=0) and (d[x[i—1],j] < o0) then begin
x[1] :=3; dd[j] := 1; s :=s + d[x[1—-1],j];
if 1=n then Update
else

if s + (n—1+1)*dmin < min then Try(i+1);

dd[j] .= 0; s :=s —d[x[1—1],];

end;

end;

Nhin chung nhiing can cé cai thién tinh hinh d61 chit nhung ciing khong
thuc sy hiéu qua. Nguoi ta cling da nghién ctru nhiéu can chat hon, doc gia c6 thé
tim doc & cac tai liu khac.

Ta xét tiép bai toan tir dep nhat. Dinh nghia tir dep di duoc mé ta & bai toan
tir dep. Tir dep nhat 1a tir c6 it ki ty C nhat. RS rang bai toan tim tir dep nhat 1a
mot bai toan t6i wu t6 hop.

Chung ta xay dung nhanh cin v&i nhan xét: néu x[1..n] 1a tir dep thi trong 4
ki tu lién tiép ciia x phai c6 it nhat mot ki ty C. Vay, néu ta da xay dung i ki ty thi
phan con lai gdm n—i ki tu s& c6 it nhat (n—i)/4 ki tu C. Do d6 sb ki ty C tdi thiéu



clia ca xau s& 1a t + (n—i)/4, trong d6 t 1a so ki tu C cia x[1..i]. Ta c6 thé dung

t+(n—1)/4 1am can. Chuong trinh con d¢ quy nhu sau:

procedure Try(1)
var c;
begin
for ¢ :='A" to 'C' do begin
X =X*C;
ifc='C'thent:=t+1;
if Ok(i) then
if i=n then Update
else

if t + (n-1) div 4 <minC then Try(i+1);
delete(x,1,1);
ifc='C'thent:=t-1;

end;

end;

Bién minC ¢ day dung dé luu s6 ki tu C ctia phuong an t6t nhat dang co.

Nhénh can la mot ki thuat manh va doi hoi tu duy sau sdc. Chon dugc mot can tot
thuong khong don gian, doi hoi phai c6 nhitng phan tich sau sac va ti mi. Mot sb
chu y khi chon can:

1. Can phai danh gia chinh xéc tinh trang cAu hinh hién tai. Néu qué 1ong thi s6

cau hinh loai bo khéng dang ké, néu qué chit thi s& din dén bo s6t nghiém.

2. Can phai tinh todn don gian. Vi thao tac tinh can thyc hién tai tat ca cac

budc nén néu tinh toan can qua phirc tap thi thoi gian rit ngan nho dat can
tiét kiém duoc thi lai mat dang ké cho viéc tinh can.

Mic du nhanh can 13 ki thuat manh nhung muén dé ap dung tot doi hoi nhiing
phan tich rat chi tiét. Hon nita nhiéu trudng hop c6 dit can thi sé phuong an can
duyét van qua nhiéu. Trong nhitng trudng hop nhu viy ching ta can phai co
nhimg cach tiép can khac. Phan tiép theo trinh bay vé mot phuong phép cuc ki
hiéu qua, do6 1a phuong phap quy hoach dong.

2. Phwong phap tham lam (Gready)
Tim nghiém cta bai toan toi wu thudng doi hoi chi phi 16n vé thoi gian tinh

toan va khong gian b nhd. Tuy nhién trong nhiéu truong hop ta chi tim duoc mot



nghiém du tét, kha gan voi nghiém t6i wu 1a dat yéu cau, nhat 1a khi c6 han ché vé
mat thoi gian va bg nho.

Phuong phép tham lam xay dung cac thudt toan giai cac bai toan toi wu dua
trén tu tudng tdi wu cuc bd theo mét chién luoc tu duy kiéu con nguoi, nham
nhanh chong dat dén mot 101 giai "t6t".

C6 mot sb thudt toan dua trén tu tudng cua phuong phap tham lam thuc sy
tim dugc phuong an tdi wu (chang han thuit toan Kruscal tim cay khung cuc tiéu),

con lai da sd cac thuat toan dua trén phuong phap tham lam thudng 1a thuat toan

r
.....

gan dung, chi cho mot 1o giai xap xi 101 giai t6i uu.
2.1. Mt s6 chién lwgc tham lam

Phuong phap tham lam tim nghiém t6i wu dua trén cac chién luoc t6i wu cuc
bd cua con nguoi. Trudce khi trinh bay nhitng thuat giai tham lam cho nhirng bai
toan cu thé, chung t6i dé cap dén hai chién lugc toi uu cuc bd co ban:

- Chon céi t6t nhat trude (con goi 1a "chon miéng ngon trude". Pay 1a 1i do

vi sao phuong phap nay duoc goi 1a "tham lam" hay "tham an").

- Cai tién cai dang c6 thanh cai tot hon.

Chién lugc tht nhét thuong dugc ap dung khi xay dung dan ting thanh phan
cua nghiém t5i vu. Thuat gidi s€ danh gié cac lua chon theo mdt tiéu chuan nao d6
va sap xép tir nhd dén 16n rdi tién hanh chon theo trinh tu do.

Chién lugc thtr hai thudng bat dau bang mot hay mot vai phuong an. Sau
do, béng mét s6 cach thire nao do, cac phuong an duoc diéu chinh dé c6 gia tri tdt
hon. Qua trinh diéu chinh s& dung lai khi khong diéu chinh duoc thém hodc sy cai
thién rat nho hoic hét thoi gian cho phép... Phan 1on cac thuét toan hién nay ap
dung cho bo dit liéu 16n duge thiét ké theo chién luoc nay: chang han tim kiém leo
ddi, giai thuat di truyén... Doc gia co thé tham khao trong nhirng tai liéu khac.

Chung ta s€ di vao mot s6 bai toan cu thé va van dung nhirng chién lugc trén
dé thiét ké cac thuat giai tham lam.

2.2. Bai toan xép bald

Giai thuat tham lam giai bai toan Xép bald dua trén chién luge "chon cai tbt
nhét trudc". Viée chon cac vat dua vao bald cé thé theo 3 chién lugc nhu sau:

- U tién vat nhe trude (véi hi vong chon dugc nhiéu d6 vat).

- U tién vat ¢o gia tri cao trudc.

- Uu tién chon nhiing vét ¢o ti s6 gia tri/trong luong 16n trudce.



Ta thay chién lugc thtr 3 tong quat hon nhat. Do vay viéc tim nghiém cua
chung ta s& tién hanh theo 2 budc:
1. Sép xép cac dd vat giam dan theo ti 16 gia tri/trong luong.
2. Lan luot dua vao bald nhirng dd vat ndo c6 thé dua duge theo trinh ty da sép
xép do.
Thuét giai chi tiét nhu sau:
procedure Gready;
begin
for 1 := 1 to n do begin a[i]:=v[i]/w[i];id[i] := 1; end;

sap x€ép w,v,a,id theo a;

for 1:=1 to n do begin
if m >= w([i] then begin

m:=m - w[i];

t=t+ v[i];
s .= s+ [1d[1]];
end;
end;
end;

Két qua: S l1a tap céc dd vat duoc chon, T 1a téng gia tri cua chung. Thuat
giai nay c6 do phirc tap O(nlogn) do thao tac chii yéu ¢ phan sap xép.
2.3. Bai toan nguwoi du lich

C6 nhiéu giai thuat tham lam khac nhau gidi bai toan nay. Chung toi xin
trinh bay mot giai thuat theo chién lugc chon céi tdt trude va mot giai thuat theo
chién luoc cai tién cai hién co.

Giai thuat theo chién lugc chon cai tot nhét trudc co y tuong rat don gian:
tai moi budc ta s& chon thanh phd tiép theo 1a thanh phé chua dén thim ma chi phi
tir thanh phd hién tai dén thanh phd d6 1a thap nhat.

Giai thuat theo chién luoc cai tién cai hién c6 cling c6 y tudng rat don gian:
XuAt phat tir mot 1 trinh nao do6 (1,2,.n chéng han), ta cai tién 10 trinh hién c6
bang cach tim 2 thanh phd ma doi chd chung cho nhau thi tong chi phi giam di.
Qua trinh d6 dung lai khi khong con cai tién duoc hon nira.



Duya trén 2 y tudng do, ban doc c6 thé dé dang xay dung duoc cac thuat giai.
Thuat giai thi nhéat c6 do phirc tap tinh toan 1a O(n?), thuat giai tht hai c6 d6 phirc
tap tinh toan 1a O(n?).

Ngoai 2 giai thuat trén, ngudi ta con xay dung dugc giai thuat di truyén cho
bai toan ndy. y tuong co ban 1a thay vi xuat phat tir mot phuwong an, chung ta xur 1i
nhiéu phuong 4n dong thoi, cai tién chiing bang viéc mo phong quaé trinh di truyén,
thich nghi va tién hod cta sinh vat dé c6 dugc nhitng phuong an ngay mot tot hon.
Tuy nhién van dé d6 nam ngoai khudn kho ciia cudn gido trinh nay.

Dbi voi dd thi metric (tirc 1a ¢ bat dang thie tam giac d[i,j]<=d[i,k]+d[k,j]
vo1 moi 1,),k) nguoi ta con tim dugc thuat gidi tham lam cho nghiém cé téng chi

1. Tim cay khung cuc tiéu cua do thi.

2. Duyét cay khung theo chiéu sau.

3. Xay dung 10 trinh 1a thtr ty duyét cua cac dinh, loai bo cac dinh trung nhau.
2.4. Bai toan dong thung (Bin-Packing)

Cho N dd vat, mdi dd vat co trong luong 1a ai. Co rat nhiéu thung giéng
nhau va mdi thung chi c¢6 kha ning chia dugc cic d6 vat cé tong khoi luong
khong qua M (tit nhién ai<=M) . Hay xép cac dd vat vao cic thung sao cho sb
thung st dung 1a it nhat.

Bai toan dong thung cling 1a mgt bai toan NPC, tuc 1a chua co6 thuat giai da thuec.
Thuat giai tham lam cua bai toan nay dua trén y tudng:

1. Sap xép cac d6 vt theo thir tu trong luong giam dan.

2. Lan luot dua cac do vat vao cac thung bang cach tim thung dau tién van con

du dé chua vat dy. Néu khong c6 thi thém mot thung méi dé chira vat Ay.

procedure Gready;
begin

for 1:=1 to n do id[i] :=1;;

sxep a,id on a;

k:=0;

for 1:=1 to n do begin

forj:=1tok+1do
if t[j]+a[i]<=M then break; {tim thing j dau tién}



if j=k+1 then k:=k+1;  {k thung dau tién khong thé chira dugc => ding
thung mé&i}

t[j] := ] + alil;

s(j] = s[j] + [id[i]];

end;
end;
¥y nghia ctia cac cau trac dit liéu nhu sau: id[i] 12 chi s6 ban dau d6 vat i sau khi sip
xép, k 1a s6 thung can dung, t[j] 14 tong trong luong cac vat dang co trong thung j,
s[j] 1a tap hop cac vat duoc dua vao thung j.
Do phirc tap tinh toan cta thuat toan 1a O(n?).
Johnson da ching minh dugc thuat giai nay cho nghiém x thod man:
f(x) xap xi 11*f(x,)/9+4 véi X, 12 nghiém tdi uu.

Trudce khi két thuc trinh bay vé phwong phap tham lam, chung t6i dé cap dén thuat
toan Kruscal, mot thuat toan tham lam thuc su toi uu.
2.5. Thuat toan Kruscal

Thuat toan Kruscal giai bai toan tim cay khung cuc tiéu ciia dd thi vé hudng
c6 trong sO. Bai toan cay khung cuc tiéu da duoc trinh bay ¢ chuong Do thi. Noi
mot cach don gian, cay khung cuc tiéu ctia mot dd thi N dinh 13 mot do thi con N
dinh, N-1 canh, lién thong va c6 téng trong s6 cac canh 1a nho nhét.

Ly thuyét d6 thi da ching minh mot d6 thi lién thong khong co chu trinh s&
la mot cay.

Tu tuong tham lam trong thuat toan Kruscal 1a "chon céi tdt nhat trude".
Chung ta s€ tién hanh chon N-1 canh wu tién cac canh cd trong s6 nhé trude sao
cho khi chon canh dugc chon phai khong tao thanh chu trinh véi cac canh da chon.

Nhu vay thudt toan s& tién hanh qua 2 budc: sip xép va chon. Dé kiém tra
mot canh khi dugc chon c6 tao thanh chu trinh hay khong, ta s€ luu trit cac dinh
Vvao cac cay con. Néu hai dinh ddu mat cia mot canh ma cung thudéc mot cay thi
thém canh d6 s& tao thanh chu trinh. Pdng thoi, khi thém mot canh ta cling hop
nhat 2 cay cua 2 dinh tuong Gng.

Vé céu tric dit liéu: ta biéu dién d6 thi béng danh sach canh, gém cac by ba
(u,v,d) v6i ¥ nghia trong sb canh (u,v) 1a d. Dé biéu dién cac cdy con ta dung mang
T, trong d6 T[u] 1a dinh cha ctia dinh u trong cdy. Néu T[u] bang 0 thi u 1a dinh

gdc. Hai dinh cung thudc mot cdy néu ching cung dinh gdc.



Thuét toan chi tiét nhu sau:
procedure Kruscal;
begin
sap xép u,v,d tang dan theo d; {sip xép danh sach canh ting dan}

fori:=1 to m do begin

x = Root(u[1]); y := Root(v[1]); {tim gbc ctia mdi dinh }
if x <>y then begin {thudc 2 cay khac nhau }
k:=k+1;
s:=s+[i]; {chon canh 1}
T[y] =x; {hop nhat 2 cay}
if k=n-1 then exit; {chon du n-1 canh thi xong}
end;
end;
end;
function Root(u); {tim gdc cua dinh u, 13 dinh ¢6 T =0}
begin
while T[u] <> 0 do u :=T[u];
Root :=u;
end;

Két qua ta dugc s 1a danh sach cac canh dugc chon. Dé dang chimg minh
duoc do phuc tap cua thuat toan 1a O(mlogm), chu yéu 1a & thoi gian sap xép cac
canh.

Qua cac thuat giai tham lam da trinh bai, ching ta c6 thé két luan:

1. Phuong phap tham lam c6 do phurc tap tinh toan thip, thudng nhanh

chong tim dugc 101 giai .

2. Loi giai cua phuong phap tham lam thuong chi 1a mot 101 giai tét chu

.....

3. Két luan

Trong chuong ndy ching ta da tim hiéu vé hai phuong phap thiét ké thuat
toan phd bién: vét can, tham lam. MJi phuong phap c6 nhitng vu diém va nhuge
diém riéng. Phuong phéap vét can c6 wu diém 1a don gian va chic chan tim dugc

101 giai t6i wu. Bu lai nhuge diém cua nd 1a do phic tap qua 16n. Phuong phap



tham lam thi nhanh chéng, don gian va khong doi hoi nhiéu bd nhé, nhung lai

Do mdi phuong phap déu ¢ wu, nhuoc diém riéng nén tuy vao yéu cu cia
bai toan va kha nang cho phép ma ta co thé lua chon hay phdi hop cac phuong
phap khac nhau dé tim kiém 10i giai tot nhat. Chang han néu bo nhd han hep thi ta
c6 thé dung vét can véi b dir li¢u nho va tham lam véi bo dir li€u 16n, hodc dung

phuong phap tham lam dé x4c dinh mot sé can cho vét can.



Bai tap

Bai 1: Dominoes

C6 N quan Domino xép thanh mot hang nhu e —
. ~ o0 °
hinh v¢ ® o
X A . . \ . A o
Mo1 quan Domino dugc chia lam hai phan, ® o

phan trén va phan dudi. Trén mit mdi phan
c6 tir 1 dén 6 dau cham.

Ta nhan thay rang:

Tong s6 dau chAm & phan trén caa N quan Domino bang: 6+1+1+1=9, tong s dau
chim & phﬁn dudi cuia N quan Domino béng 1+5+3+2=11, do chénh l¢éch giira
tong trén va tong dudi bang [9-11|=2

Véi mdi quan, ban c6 thé quay 180° dé phan trén tré thanh phan dudi, phan dudi
trg thanh phan trén, va khi d6 do chénh léch c6 thé duoc thay d6i. Vi dy nhu ta
quay quan Domino cudi cung cta hinh trén thi do chénh léch bang 0

Bai toan dit ra 1a: Can quay it nhat bao nhiéu quan Domino nhat dé do chénh léch
giita phan trén va phan dudi 1a nho nhét.

D1t liéu vao trong file: “Dom.in” c6 dang:

- Dong dau 1a s6 nguyén duong N (1<N<20)

- N dong sau, mdi dong hai s6 aj, b; 1a s6 ddu chdm ¢ phan trén, s6 ddu chdm
& phan dudi ciia quan Domino thir i (1< a;, b; <6)

Két qua ra file: “Dom.out” c6 dang:

- Go6m 1 dong duy nhat chira 2 s6 nguyén cach nhau mot dau cach 1a 6 chénh
léch nho nhét va sb quan Domino can quay it nhat dé duoc d6 chénh léch
do.

Bai 2: Tham quan

Trong dot t6 chirc di tham quan danh lam thang canh cta thanh phd H6 Chi
Minh, Ban t6 chtrc hoi thi Tin hoc tré to chitc cho N doan ( danh tir sé 1 dén N)
moi doan di thim quan mot dia diém khac nhau. Poan thr i di tham dja diém &
cach Khach san Hoang Pé di km (1=1,2,...., N). Hoi1 thi c6 M xe taxi danh s6 tir 1
dén M (M>N) dé phuc vu viéc dua cac doan di thim quan. Xe thir j c6 murc tiéu
thu xang 1a vj don vi thé tich/km.

Yéu cau: Hay chon N xe dé phuc vu viéc dua cac doan di thim quan, mdi xe chi

phuc vu mot doan, sao cho tong chi phi xang can sir dung 1a it nhat.



Dir liu: File van ban TQ.INP:
- Dong dau tién chira hai s6 nguyén duong N, M (N<M<200);
- Dong thtr hai chtra cac $6 nguyén duong di, ds, ..., dN;
- Dong tht ba chira cac s6 nguyén duong vy, v, ..., VM.
- Cac s6 trén cung mdt dong dugc ghi khac nhau boi dau trang.
Két qua: Ghi ra file van ban TQ.OUT:
- Dong déu tién chira tong luong xing dau can dung cho viée dua cac doan di tham
quan (khong tinh luot vé);
- Dong thtr 1 trong s6 N dong tiép theo ghi chi s6 xe phuc vu doan 1 (i=1, 2, ..., N).
Bai 3: Biéu thire
Cho mét xau S (chi gom cac ky ty ‘0’ dén “9°, do dai nho hon 10) hiy tim

cach chén vao S cac dau '+ hodc '-' dé thu duoc sé M cho trude (néu co thé). Xau
S va sd6 M (M thudc kiéu longint) nguyén duogc doc tir file “BT.INP”. Trong file
BT.OUT ghi tat ca cac phuong an chén (néu co) va ghi "-1" néu nhu khong thé thu
duoc M tur cach lam trén.

Vidu: M =8, S=123456789’ mot trong cac phuong an do la: '-1+2-3+4+5-6+7";
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