Chuyen aé 4

THIET KE GIAI THUAT

Chuyén d& nay trinh bay cac chién lugc thiét ké thuat giai nhw: Quay lui
(Backtracking), Nhanh va cén (Branch and Bound), Tham an (Greedy Method),
Chia dé tri (Divide and Conquer) va Quy hoach dong (Dynamic Programming).
Pay 1a cac chién luoc tong quat, nhung mdi phuong phap chi ap dung duoc cho
mot sd 16p bai toan nhat dinh, cht khong tdn tai mot phuong phép van nang dé
thiét ké thuat toan giai quyét moi bai toan. Cac phuong phap thiét ké thuat toan
trén chi 1 chién luoc, c6 tinh dinh hudng tim thuat toan. Viéc ap dung chién lugc
dé tim ra thuat toan cho mot bai toan cu thé con doi hoi nhiéu sang tao. Trong
chuyén d& nay, ngoai phan trinh bay vé cac phuong phéap, chuyén dé con co
nhimg vi du cu thé, cung véi thuat giai va cai dat, dé c6 cai nhin chi tiét tir viéc
thiét ké giai thuat dén xay dung chuong trinh.

1. Quay lui (Backtracking)

Quay lui, vét can, thir sai, duyét ... 1a mot sb tén goi tuy khong ddng nghia nhung
cung chi mot phuong phap trong tin hoc: tim nghiém ciia mét bdi todn bang cdch
xem xét tat cd cdc phirong dn c6 thé. Di véi con nguoi phuwong phap nay thuong
1a khong kha thi vi s6 phuong 4n can kiém tra 16n. Tuy nhién d6i véi may tinh,
nho tdc d6 xtr 1i nhanh, may tinh c6 thé giai rt nhiéu bai toan bang phuong phap
quay, lui vét can.

Uu diém cta phuong phép quay lui, vét can 13 ludn dam bdo tim ra nghiém ding,
chinh xdc. Tuy nhién, han ché cua phwong phap nay 1a thoi gian thiee thi lau, do
phiec tap lon. Do @6 vét can thuong chi phu hop véi cac bai toan co kich thude
nho.

1.1. Phwong phap

Trong nhiéu bai toan, viéc tim nghiém cé thé quy vé viéc tim vector hitu han
(%1, %5, ooy X, ... ), 40 dai vector ¢ thé x4c dinh trude hodc khong. Vector nay can
phai thoa man mot s6 diéu kién tiy thudc vao yéu cau cia bai toan. Cac thanh
phan x; duoc chon ra tir tap hiru han A;.
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Tuy ting trudng hop ma bai toan c6 thé yéu cau: im mot nghiém, tim tat ca
nghiém hodc dém so nghiém.

Vi du: Bai toan 8 quén hau.

Can dat 8 quan hau vao ban cd vua 8 X 8, sao cho
ching khong tan cong nhau, toc 1a khong cé hai
quan hau nao cung hang, cung cdt hodc cung duong
chéo.

Vi du: hinh bén 1a mdt cach ddt hau thod man yéu
cau bai toan, cac 6 dugc t6 mau la vi tri dat hau.

Do céc quan hau phai nam trén cac hang khac nhau, ta d4nh s6 cdc quan hau tir 1
dén 8, quan hau i la quéan hau nam trén hang thtr 1 (i=1,2,...,8). Goi x; 1a cft ma
quén hau i ding. Nhu vay nghiém cuia bai toan la vector (x4, x5, ..., xg), trong do
1 < x; <8, tuc la x; dugc chon tur tap 4; = {1,2, ...,8}. Vector (x4, x5, ..., Xg) la
nghiém néu x; # x; va hai 6 (i, x;), (j, xj) khong nam trén cting mot duong chéo.
Vi du: (1,5,8,6,3,7,2,4) 1a mdt nghiém.

Tu tuong cua phuong phap quay lui vét can nhu sau: Ta xay dung vector nghiém
dan timg budc, bat dau tir vector khong ( ). Thanh phan dau tién x;dwoc chon ra
tir tap S; = A;. Gia str dd chon duoc cc thanh phan x;, x,, ..., x;_4 thi tir cac diéu
kién cuia bai toan ta xac dinh dugc tap S; (cac ung ctr vién cod thé chon lam thanh
phan x;, S; 14 tp con cua A;). Chon mot phan tir x; tir S; ta mo rong nghiém duoc
X1, X3, ..., X;. Lap lai qua trinh trén dé tiép tuc mé rong nghiém. Néu khong thé
chon dugc thanh phan x;,; (Si,; rong) thi ta quay lai chon mot phan tir khac cua
S; cho x;. Néu khong con mot phan tir ndo khac cua S; ta quay lai chon mot phan
tir khac cua S;_q 1am x;_; va clr thé tiép tuc. Trong qua trinh mo rong nghiém, ta
phai kiém tra nghiém dang xay dung da 13 nghiém cuta bai toan chua. Néu chi can
tim mot nghiém thi khi gap nghiém ta dirng lai. Con néu can tim tat ca cac nghiém
thi qua trinh chi dimg lai khi tt ca cac kha nang lya chon cua céc thanh phan cua
vector nghiém da bi vét can.

Lugc d6 tong quat cta thudt todn quay lui vét can c6 thé biéu dién boi thu tuc
Backtrack sau:

procedure Backtrack;
begin

Si1:=A;

k:=1;

while k>0 do begin




end;

end;

while S, <> @ do begin
<chon xy € S;>;
Sp:=Sx — {x¢};
if (x1, X2,..,%xx) la nghiém then <Puwa ra nghiém>;
k:=k+1;
<Xac dinh S;>;
end;
k:=k-1; // quay lui

Trén thyc té, thuat toan quay lui vét can thuong dugc dung bang mé hinh dé quy

nhu sau:

end;

end;

procedure Backtrack (i) ;/ xdy dung thanh phan thit i
begin
<Xac dinh S;>;

for x; € S; do begin

<ghi nh&n thanh phdn tht i>;

if (tim thdy nghiém) then <Pua ra nghiém>
else Backtrack (i+1l);

<loai thanh phadn i>;

Khi dp dung lwoc do tong qudt ciia thudt todn quay lui cho cdc bai todn cu thé, ¢é

ba van dé quan trong can lam:

- Tim cach biéu dién nghiém cia bai toan dudi dang mot diy cac ddi
tuong dugc chon dan tung budc (x4, X2, .o\, Xj, oo ).

- Xéc dinh tap S; cac ung cur vién dugc chon lam thanh phén thtr 1 cia
nghiém. Chon cach thich hop dé biéu dién S;.

- Tim céc diéu kién dé mot vector da chon 1a nghiém ciia bai toan.

1.2. Mot s6 vi du ap dung

1.2.1. T6 hop

Mot t6 hop chéap k cia n 1a mét tap con k phan tir ciia tip n phan tir.
Chéng han tap {1,2,3,4} c6 cac to hop chap 2 la:

{1,2}, {1,3, {1.4, {2,3}, {2,4}, {3.,4}




Vi trong tap hop cac phan tr khong phan biét thir tw nén tap {1,2} cling 1a tp
{2,1}, do do, ta coi ching chi 1a mot td hop.

Bai toan: Hay xé4c dinh tat ca cac to hop chap k cta tp n phan t. Dé don gian ta
chi xét bai toan tim cac td hop ctia tap cac sb nguyén tir 1 dén n. Dbi voi mot tap
hitu han bat ki, b?mg cach danh sd thir tu cua cac ph?m tu, ta cling dua duogc vé bai
toan d6i véi tap cac sé nguyén tir 1 dén n.

Nghiém cua bai toan tim cac to hop chap k ctia n phan tir phai thoa mén cac diéu
kién sau:

- Lamot vector X = (xq, X3, ..., X)

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

- Rangbudc: x; < x;4, v6i moi gia triitir 1 dén k — 1 (vi tdp hop khong
phan biét thtr ty phan tr nén ta sip xép cic phan tir theo thir tu ting
dan).

Taco: 1< x; <xp, <+ <x, <n, do do6 tap S; (tap cac ung cu vién duge chon
lam thanh phan tht i) 12 tr x;_; + 1 d&én (n — k + i). Dé diéu nay dung cho ca
truong hop i = 1, ta thém vao x, = 0.

Sau day 1a chuong trinh hoan chinh, chuwong trinh str dung mé hinh dé quy dé sinh
tat ca cac to hop chap k cua n.

program ToHop;

const MAX =20;
type vector =array[0..MAX]Jof longint;
var X :vector;
n,k :longint;
procedure GhiNghiem(x:vector);
var i :longint;
begin
for 1i:=1 to k do write(x[i]," ");
writeln;
end;

procedure ToHop (i:longint);
var j:longint;
begin
for j := x[1i-1]+1 to n-k+i do begin
x[1] = 37
if i=k then GhiNghiem (x)
else ToHop (i+1l);




end;
end;
BEGIN
write ('Nhap n, k:'); readln(n,k);
x[0]:=0;
ToHop (1) ;
END.

Vi du vé Input / Output ctia chwong trinh:

n =4, k=2

o U W N
NN R e
S W W N

.3

Theo cong thirc, s lugng to hop chap k=2 ctia n=4 1a:
nn—-1).n—k+1 n!
Ck = ( ) - ( ) = =C?=6
k! k! (n —k)!

1.2.2. Chinh hop lip
Chinh hop ldp chap k ciia n 1a mot diy k thanh phan, mdi thanh phan 13 mot phan
tir ciia tap n phan tir, c6 xét dén thur tu va khong yéu cau cac thanh phan khac
nhau.

Mot vi dy dé thay nhat ctia chinh hop ldp 14 cac day nhj phan. Mot day nhj phan
do dai m la mot chinh hop 1dp chap m cua tap 2 phan tir {0,1}. Cac day nhi phan
do dai 3:
000, 001, 010, 011, 100, 101, 110, 111.

Vi c6 xét thur tu nén day 101 va day 011 1a 2 day khéc nhau.
Nhu viy, bai toan xic dinh tat ca cac chinh hop ldp chap k cta tdp n phan tir yéu
cau tim cac nghiém nhu sau:

- Lamdt vector X = (xq, X5, ..., Xx)

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

- Khéng c6 rang budc nao giita cac thanh phan.



Chu ¥ 12 ciing nhu bai toan tim to hop, ta chi xét d6i véi tap n sd nguyén tir 1 dén
n. Néu phai tim chinh hop khong phai 1a tap cac sb nguyén tir 1 dén n thi ta c6 thé
danh sb cac phan tir ciia tap d6 dé dua vé tap cac s6 nguyén tir 1 dén n.

{sit dung mot mang x[1..n] dé biéu dién chinh hop lap.

Thii tuc dé quy sau sinh tat ca chinh hop ldp chép k ciia n}

procedure ChinhHopLap (i:longint);
var j:longint;
begin
for 3 := 1 to n do begin
x[i] := 37
if i=k then GhiNghiem (x)
else ChinhHopLap (i+1);
end;
end;

Vi du vé Input/Output ctia chuong trinh:

n =2, k=3

0w J o 0w N R

NN R R e
NN R R NN e
I R O S

2

Theo cong thirc, s6 lugng chinh hop lip chap k=3 ctia n=2 la:

A =n=23=8

1.2.3. Chinh hop khong lap

Khac voi chinh hop ldp 1a cac thanh phan duoc phép lap lai (tic 1a co thé gidng
nhau), chinh hop khong ldp chép k cia tap n (k<n) phan tir cling 1a mot day k
thanh phan l4y tir tap n phan tir ¢ xét thir tw nhung cac thanh phan khéng duoc
phép gidng nhau.

Vi du: C6 n ngudi, mot cach chon ra k nguoi dé xép thanh mot hang 1a mot chinh
hop khong 1dp chap k ctua n.

Mot truong hop dac biét cua chinh hop khong 1dp 1a hodn vi. Hoan vi cia mdt tap
n phan tir 13 mot chinh hop khong 13p chap n cia n. Noi mot cach truc quan thi



hoan vi ctia tp n phan tir 13 phép thay doi vi tri ctia cac phan tir (do d6 méi goi 1a
hoén vi).
Nghiém cua bai toan tim cac chinh hop khéng 1ap chép k cua tap n sd nguyén tir 1
den n 1a cac vector X thoa man céc diéu kién:

- X c6 k thanh phan: X = (x;, x5, ..., X)

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

- Rang budc: céc gia tri x; d61 mot khac nhau, tirc la x; # x; voimoi i # j.
Sau day la chuong trinh hoan chinh, chuong tri}lh str dung mo hinh dé quy dé sinh
tat ca cac chinh hop khong 1dp chap k ctua n phan tir.

program ChinhHopKhongLap;

const MAX =20;
type vector =array[0..MAX]Jof longint;
var X :vector;
d carray[l..MAX]of longint; { mdng d dé kiém
soat rang bugc cdc gia tri x; doi mot khac nhau, x; # xj voi moi i # j}
n,k :longint;
procedure GhiNghiem(x:vector);
var i :longint;
begin
for i:=1 to k do write(x[i],"' ");
writeln;
end;

procedure ChinhHopKhongLap (i:longint);
var j:longint;

begin
for j =1 to n do
if d[j]=0 then begin
x[i] := 37
dfjl := 1;
if i=k then GhiNghiem (x)
else ChinhHopKhongLap (i+1) ;
dfjl := 0;
end;
end;
BEGIN
write ('Nhap n, k(k<=n):'); readln(n,k);
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fillchar(d, sizeof (d),0);
ChinhHopKhongLap (1) ;

END.
Vi du vé Input / Output ctia chwong trinh:
n=3, k=3[1.1 2 3
2.1 3 2
3. 21 3
4. 2 31
5. 31 2
6. 3 21

Theo cong thirc, s6 lwong chinh hop khong lap chap k=3 ciia n=3 la:
n!

A =nn-1.n—k+1) = T

6

1.2.4. Bai todn xép 8 quin hiu

Trong bai toan 8 quan hau, nghiém cta bai toan c6 thé biéu dién dudi dang vector
(%1, x5, ..., Xg) thoda man:

1) x; 1a toa d6 cdt ciia quan hau dang ding ¢ dong tht i, x; € {1,2, ...,8}.

2) Cac quan hiu khong dimg cung cot tuc la x; # x; voi i # j.

3) C6 thé d& dang nhéan ra rang hai 6 (x1y;) va N

(X2,y2) ndm trén cing dudng chéo chinh (trén xudng

dudi) néu: x—y1=x,—y», hai 6 (x1,y1) va (X2,y2) nam

trén cung dudng chéo phu (tr dudi 1én trén) néu:

X1+y1=X2+Yy2, nén di€u kién dé€ hai quan hau xép &

hai 6 (i, x), (j, xj) khong nam trén cing mot duong

((—x)#(0U—x)

chéo la: {
Do do, khi da chon dugc (x4, X3, ..., Xx—1) thi x; dugc chon phai thoa man cac

diéu kién:

k—x,#i—x; véimoil<i<k

{ xkthl-
k+x,#i+x;



Sau day 1a chuong trinh day du, dé liét ké tat ca cac cach xép 8 quan hau 1én ban
cO vua 8x8.

program XepHau;

type vector =array[l..8]of longint;
var X :vector;

procedure GhiNghiem(x:vector);

var i :longint;
begin
for i:=1 to 8 do write(x[i],'" ");
writeln;
end;
procedure XepHau (k:longint);
var Sk rarray[l..8]of longint;
xk,1,nSk :longint;
ok :boolean;
begin

{Xdc dinh tdp Sy la tdp cdc vmg cir vién c6 thé chon lam thanh phan x)
nSk:=0; {luc lwong cua tdp S}
for xk:=1 to 8 do {thirlan luot timg gid tri 1, 2, ...,8}
begin
ok:=true;
{kiém tra gid tri c6 thé chon lam iing cir vién cho x; dwoc hay khong)
for i:=1 to k-1 do

if not ( (xk<>x[i])and (k-xk<>i-x[1])
and (k+xk<>i+x[i])) then
begin
ok:=false;
break;
end;
if ok then begin {cé thé chon lam img cir vién cho x; két nap
vao tdp Sk}
inc (nSk) ;
Sk[nSk] :=xk;
end;
end;

{chon gia tri x; tir tap Sy}
for i:=1 to nSk do begin
x[k]:=Sk[1];
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if k=8 then GhiNghiem (x)
else XepHau (k+1);
x[k]:=0;
end;
end;
BEGIN
XepHau (1) ;
END.

Viéc xac dinh tap Sk co thé thuc hién don gidn va hiéu qua hon béng cach st dung
cac mang danh dau. Cu thé, khi ta dat hau i ¢ 6 (i,x[i]), ta s& danh dau cot x[i]
(ding mot mang danh dau nhu & bai toan chinh hop khéng ldp), danh dau duong

chéo chinh (i-x[i]) va danh ddu dudng chéo phu (i-+x[i]).

const n =8;

type vector =array[l..n]Jof longint;

var cot rarray([l..n]Jof longint;
cheoChinh rarray[l-n..n-1]of longint;
cheoPhu rarray[l+1..n+n]Jof longint;
X :vector;

procedure GhiNghiem(x:vector);
var 1 :longint;
begin
for i:=1 to n do write(x[i],"' ");
writeln;
end;
procedure xepHau (k:longint) ;
var i :longint;
begin
for i:=1 to n do

(cheoPhu[k+1]=0) then
begin

x[k]:=i;
cot[i]:=1;
cheoChinh[k-1i]:=1;
CheoPhul[k+i] :=1;
if k=n then GhiNghiem (x)
else xepHau (k+1);
cot[1]:=0;

if (cot[1]1=0) and (cheoChinh[k-1]=0)

and
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cheoChinh[k-1] :=0;
CheoPhulk+1] :=0;
end;
end;
BEGIN
fillchar (cot,sizeof (cot),0);
fillchar (cheoChinh, sizeof (cheoChinh),0);
fillchar (cheoPhu, sizeof (cheoPhu),0) ;
xepHau (1) ;
END.

Bai todn x€p hu co6 tat ca 92 nghiém, muoi nghiém dau tién ma chuong trinh tim
dugc la:

1. 15863724
2. 168374205
3.17468 253
4. 17582463
5. 246831765
6. 2571 3 8 6 4
7. 25741863
8. 26174835
9. 2 6 8314765
10. 27 3 6 8 514

1.2.5. Bai todn mdy rit tién tw dong ATM
Mot may ATM hién c¢6 n (n < 20) to tién c6 gia ty, ty, ..., t,,. Hiy dua ra mot
cach tra v6i sb tién ding bang S.
Dir liéu vao tur file “ATM.INP” c6 dang:

- Dongdaula2sénvas

- Dongthtr 2 gdm n s6 t4, t, ..., t,
Két qua ra file “ATM.OUT” ¢6 dang: Néu c6 thé tra ding S thi dua ra cach tra,
néu khong ghi -1.

ATM. INP ATM.OUT

10 390 20 20 50 50 50 100 100
200 10 20 20 50 50 50 50 100 100

Nghiém ciia bai toan 1a mot day nhi phan d¢ dai n, trong d6 thanh phan thir i bang
1 néu to tién thtr i dugc sir dung dé tra, bang 0 trong trudng hop nguoc lai.
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X = (x4, %3, ., Xp) langhiémnéu: x; X t; +x, Xty + 4 x, Xt, =S

Trong chuong trinh dudi ddy c6 st dung mot bién ok dé kiém soat viéc tim
nghiém. Ban dau chua co nghiém, do d6 khdoi tri ok=FALSE. Khi tim dugc
nghiém, ok s€ dugc nhan gia tri bfmg TRUE. Néu ok=TRUE (da tim théy nghiém)
ta s& khong can tim kiém nira.

const MAX =20;
fi ='ATM.INP';
fo ='ATM.OUT"';
type vector =array[l..MAX]of longint;
var t rarray[l..MAX]Jof longint;
X, XS :vector;
n, s, sum :longint;
ok :boolean;

procedure input;
var f ttext;
i :longint;
begin
assign(f, fi); reset(f);
readln (f,n, s);
for 1i:=1 to n do read(f,t[i]);

close (f);
end;
procedure check (x:vector) ;
var 1 :longint;
f text;
begin

if sum = s then begin
XS =X,
ok:=true;

end;
end;
procedure printResult;
var 1 :longint;
f ttext;
begin
assign(f, fo); rewrite(f);

if ok then begin
for i:=1 to n do
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if xs[i]=1 then write(f,t[i],"' '");
end
else write(f,'-1");
close (f);
end;
procedure backTrack(i:longint) ;
var j :longint;
begin
for j:=0 to 1 do begin
x[1]:=73;
sum:=sum + x[1]*t[i];
if (i=n) then check (x)
else if sum<=s then backTrack (i+1);
if ok then exit; {néu dd tim dwoc nghiém thi khong duyét nita}
sum:=sum - x[1]*t[1i];
end;
end;
BEGIN
input;
ok:=false;
sum:=0;
backTrack (1) ;
PrintResult;
END.

2. Nhanh va can

2.1. Phwong phap

Trong thuc té, c6 nhiéu bai toan yéu cau tim ra mot phuong an thoa man mot sb
diéu kién nao do, va phuong an d6 1 t6t nhat theo mot tiéu chi cu thé. Cac bai
toan nhu vay dugc goi la bai toan t8i wu. Co nhiéu bai toan toi wu khong c6 thuat
toan nao thuc sy hitu hiéu dé giai quyét, ma cho dén nay van phéi dua trén mod
hinh xem xét toan bd cac phuong an, roi danh gia dé chon ra phuong an tt nhat.
Phuong phap nhanh va can 1a mot dang cai tién ciia phuong phap quay lui, duoc
ap dung dé tim nghiém cta bai toan tdi uu.

Gia str nghiém cua bai toan c6 thé biéu dién dudi dang mot vector (xy, Xy, ..., X,,),
mdi thanh phan x; (i = 1,2,..,n) dugc chon ra tir tap S;. Mdi nghiém cua bai toan



X = (x4, %y, ..., Xp), duoc xac dinh “d4 tot” bang mot ham f(X) va muc tiéu can
tim nghiém c6 gia tri £(X) dat gia tri nho nhat (hodc dat gia tri 16n nhat).

Tu tudng cia phuong phap nhanh va can nhu sau: Gia str, da xay dung duoc k
thanh phan (x, X5, ..., Xx) clia nghiém va khi mé rong nghiém (x4, Xy, ..., Xg41),
néu biét rang tat ca cac nghiém ma rong ctia nd (x4, Xy, ..., Xg41, ... ) déu khong t6t
bang nghiém tot nhat di biét ¢ thoi diém do, thi ta khong cin md rdng tir
(x4, X2, ..., X ) nita. Nhu vay, voi phuong phap nhanh va can, ta khong phai duyét
toan bd cac phuong 4n dé tim ra nghiém t6t nhat ma bang cach danh gid cac
nghiém mo rdng, ta c6 thé cat bo di nhitng phuong an (nhanh) khong can thiét, do
d6 viéc tim nghiém t6i wu s& nhanh hon. Cai kho nhat trong viéc ap dung phuong
phap nhanh va can 1a danh gia dugc cac nghiém md rong, néu danh gia dugc tot
s& gitp bo qua duoc nhidu phuong 4n khong can thiét, khi d6 thuat toan nhanh can
s€ chay nhanh hon nhiéu so vé&i thuat toan vét can.

Thuat toan nhanh cén c6 thé mé ta bang mé hinh dé quy sau:

procedure BranchBound (i) ;/xdy dung thanh phan thir i
begin

<bénh gid céc nghiém m& rdng>;

if (cac nghiém m& réng déu khéng tbt hon
BestSolution) then exit;

<X&c dinh S;>;

for x; € S; do begin
<ghi nh&n thanh phédn tha i>;
if (tim thdy nghiém) then <C&p nhat BestSolution>
else BranchBound (i+1);
<loai thanh phén i>;

end;
end;

Trong thil tyc trén, BestSolution la nghiém tt nhat da biét ¢ thoi diém d6. Thu
tuc <cap nhat BestSolution> s& xac dinh “d0 tot” ciia nghiém méi tim thay,
néu nghiém moi tim thdy tot hon BestSolution thi BestSolution s& dugc
cap nhat lai 1a nghiém méi tim dugc.



2.2. Giai bai toan nguoi du lich bang phwong phap nhanh cin
Bz‘li‘ toan. Cho n thanh phd dénh s6 tir 1 dén n va cac tuyén duong giao thong hai
chiéu gitra chiing, mang luéi giao thong nay dugc cho boi mang C[1..n,1..n], &
day Cj; = Cj; 1a chi phi di doan dudng truc tiép tir thanh pho i dén thanh pho j.
Mot ngudi du lich xuét phét tir thanh phd 1, mudn di thim tit ca cac thanh phd
con lai moi thanh pho dung 1 lan va cu(?i cung quay lai thanh pho 1. Hay chi ra
cho ngudi do hanh trinh véi chi phi it nhat. Bai toan dugc goi 1a bai todn nguoi du
lich hay bai toan nguoi chao hang (Travelling Salesman Problem - TSP)
Dir liéu vao trong file “TSP.INP” co dang:

- Dong dau chira s6 n(1<n<20), 1a s6 thanh phé.

- n dong tiép theo, mdi dong n s6 mo ta mang C
Két qua ra file “TSP.OUT” c6 dang:

- Dong déu 1a chi phi it nhat

- Dong thtr hai mo ta hanh trinh
Vidu 1:

TSP.INP TSP.OUT Hinh minh hoa

4 97

0 20 35 42 1->2->4->3->1
20 0 34 30
35 34 0 12
42 30 12 0

Vidu 2:

TSP.INP TSP.OUT Hinh minh hoa

4 117

0 20 35 10 1->2->4->3->1
20 0 90 50
35 90 0 12 10 20
10 50 12 0

20




Gidi

1)

2)

3)

Hanh trinh can tim ¢6 dang (x; =1, X2, ..., Xp, Xp+1 = 1), 0 day gilra x; va
Xi+1: hai thanh phd lién tiép trong hanh trinh phai c6 dudng di truc tiép;
trir thanh phé 1, khong thanh phd nao dugc lap lai hai 1an, ¢6 nghia la
day (xi, X2, ..., Xp) 1ap thanh mot hoan vi cua (1, 2, ..., n).

Duyét quay lui: x, ¢6 thé chon mét trong cac thanh phd ma x; c6 dudng
di truc tiép t6i, voi mdi cach thir chon x, nhu vay thi x3 co thé chon mot
trong cac thanh phé ma x, c6 duong di tdi (ngoai x,). Tong quat: x; co
thé chon 1 trong cac thanh phé chua di qua ma tir x;.; ¢ duong di truc
tiép t6i.(2 <i<n).

Nhénh can: Khoi tao cdu hinh BestSolution ¢6 chi phi = +e0. V&i mdi
budce thtr chon x; xem chi phi duong di cho t6i1 lac dé c6 nho hon chi phi
clia cu hinh BestSolution khong? néu khong nhé hon thi thir gia tri
khac ngay boi c6 di tiép cling chi tén thém. Khi thir duge mot gid trj x,
ta kiém tra xem x, c6 duong di truc tiép vé 1 khong ? Néu c6 danh gia
chi phi di tir thanh phd 1 dén thanh phd x, cong véi chi phi tir x,, di truc
tiép vé 1, néu nho hon chi phi cia duong di BestSolution thi cap nhat lai
BestSolution bang cach di méi.

program TSP;

const MAX =20;
00 =1000000;
fi ='TSP.INP';
fo ='TSP.OUT"';
var c rarray[l..MAX,1..MAX]of longint;
X,bestSolution :array[l..MAX]Jof longint;
d tarray[l..MAX]of longint;
n :longint;
sum, best :longint;

procedure input;
var f ttext;

i,j,k :longint;

begin

assign(f, fi); reset (f);
read (f,n);
for 1i:=1 to n do
for j:=1 to n do read(f,C[i,7]1):;
close (f);




end;
procedure update;
begin
if sum+C[x[n],x[1]]<best then begin
best:=sum+C[x[n],x[1]];
bestSolution:=x;

end;
end;
procedure branchBound(i:longint);
var j :longint;
begin

if sum>=best then exit;
for j:=1 to n do
if d[7]=0 then begin

x[1i]:=];
dljl:=1;
sum:=sum + C[x[i-1],731;
if i=n then update
else branchBound (i+1) ;

sum:=sum - C[x[i-1],731;
d[j]:=0;
end;
end;
procedure init;
begin
fillchar(d,sizeof (d),0);
d[l]:=1;
x[1]:=1;
best:=00;
end;
procedure output;
var f text;
i :longint;
begin

assign(f, fo); rewrite(f);

writeln (f,best);

for i:=1 to n do write (f,bestSolution[i],'->");
write (f,bestSolution[1l]);

close (f);
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end;

BEGIN
input;
init;
branchBound (2) ;
output;

END.

Chuong trinh trén 1 mot giai phap nhanh can rat tho so giai bai toan TSP, c6 thé
c6 nhiéu cach danh gia nhanh can chit hon nita lam ting hiéu qua cta chuong
trinh.

2.3. Bai toan may rit tién tw dong ATM
Bai toan
Mot may ATM hién cé n (n < 20) O tién c6 gid ty, ty, ..., t,,. Hiy tim cach trd it
to nhat véi so tién ding bang S.
Dir liéu vao tur file “ATM.INP” c6 dang:

- Dongdaula2sonvas

- Dong thtr 2 gom n s6 tq, ty, ..., ty
Két qua ra file “ATM.OUT” ¢6 dang: Néu c6 thé tra tién dung bang S thi dua ra
s0 to it nhat can tra va dua ra céch tra, néu khong ghi -1.
ATM.INP ATM.OUT

10 390 5
200 10 20 20 50 50 50 50 100 100 | 20 20 50 100 200

Gidi
Nhu ta da biét, nghiém cua bai toan 1la mot day nhi phan d¢ dai n, gid st da xay
dung dugc k thanh phan (xq, Xy, ..., Xx), dd tra duoc sum va st dung c to. Dé
danh gia duoc cac nghiém mo rong ctia (xq, Xy, ..., Xx ), ta nhan thay:

- Conphditrda S — sum ’ .

- Goi tmax|[k] 1a gia cao nhat trong cac to tien con lai (tmax[k] =

., 2 N ) n S—sum
MAX{ty41,..,ty}) thi it nhat can st dung thém po——

to nira.
A S—sum

Do d6, néu ¢ + ——
tmax[k]

thi khong can mé rong cac nghiém cua (x4, x5, ..., Xi ) nira.

ma 16n hon hodc bang so to clia cach tra tot nhat hién co



const MAX =20;

fi ='ATM.INP';
fo ='ATM.OUT';
type vector =array[l..MAX]of longint;
var t, tmax rarray[l..MAX]of longint;
X, xXbest :vector;
c,cbest :longint;
n, s, sum :longint;
procedure input;
var f text;
i :longint;
begin

assign(f, fi); reset (f);
readln(f,n, s);
for i:=1 to n do read(f,t[i]);
close (f);
end;
procedure init;
var i :longint;
begin
tmax[n]:=t[n];
for i:=n-1 downto 1 do begin

tmax[i] :=tmax[i+1];
if tmax[i]<t[1i] then tmax[i]:=t[1];
end;
sum:=0;
c:=0;
cbest:=n+1;
end;

procedure update;

var 1 :longint;
f text;
begin

if (sum = s) and (c<cbest) then begin
xbest:=x;
cbest:=c;
end;
end;
procedure printResult;

77




var 1 :longint;
f ctext;
begin
assign(f, fo); rewrite(f);
if cbest<n+l then begin
writeln (f, cbest);
for i:=1 to n do
if xbest[i]=1 then write(f,t[i]," ");
end
else write(f,'-1");
close (f);
end;
procedure branchBound(i:longint);
var j :longint;
begin
if ¢ + (s-sum)/tmax[i] >= cbest then exit;
for j:=0 to 1 do begin
x[1]:=]3;
sum:=sum + xX[1]*t[i];
c:=c + Jj;
if (i=n) then update
else if sum<=s then branchBound (i+1) ;

sum:=sum - xX[1i]*t[i];
c:=c - J;
end;
end;
BEGIN
input;
init;

branchBound (1) ;
PrintResult;
END.

3. Tham an (Greedy Method)

Phuong phap nhanh can 1a cai tién phuong phap quy lui, 43 dénh gia duoc cac
nghiém mé rong dé loai bo di nhitng phuong 4n khong can thiét, giup cho viéc tim
nghiém t6i wu nhanh hon. Tuy nhién, khong phai luc nao chiing ta ciing c6 thé
danh gia duoc nghiém mo rong, hodc néu co danh gia dugc thi sé phuong an can
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xét van rat 16n, khong thé dap tmg duoc trong thoi gian cho phép. Khi d6, nguoi
ta chdp nhan tim nhiing nghiém gin ding so voi nghiém tdi wu. Phuong phap
tham an duoc sir dung trong cac trudng hop nhu vay. Uu diém ndi bat cua phuong
phap tham an 1a do phuc tap nho, thuong nhanh chong tim dugce 161 giai.

3.1. Phwong phap

Gia sir nghiém cua bai toan c6 thé biéu dién dudi dang mot vector (xy, Xy, ..., Xy,),
mdi thanh phan x; (i = 1,2,..,n) duoc chon ra tir tap S;. Mdi nghiém cia bai toan
X = (x4, %y, ..., Xp), duoc xac dinh “dg tét” bang mot ham f(X) va muc tiéu can
tim nghiém c6 gia tri f(X) cang 16n cang t6t (hodc cang nho cang tdt).

Tu tudng clia phuong phap tham an nhu sau: Ta xdy dung vector nghiém X dan
timg budc, bit dau tir vector khong (). Gia st di xay dung duogc (k-1) thanh phan
(X1, X5, o) Xg_1) cta nghiém va khi mé rong nghiém ta s& chon x, "tét nhit”
trong cac Gng ctr vién trong tap Sy dé duoc (xy, Xy, ..., X ). Viée lua chon nhu thé
duogc thyc hién boi mot ham chon. Ct tiép tuc xay dung, cho dén khi xay dung
xong hét thanh phan cia nghiém.

Lugc d6 tong quat cua phuong phap tham in.

procedure Greedy;

begin
X:=0;
1:=0;
while (chua x4y dung xong hét thanh phé&n cia nghiém) do
begin
i:=i+1;

<Xac dinh S;>;
xeselect (Sy) ; // chon ung cik vién t6t nhat trong tdp S;
end;
end;

Trong lugc dd téng quat trén, Select 1a ham chon, dé chon ra tur tap cac ung cu
vién S; mot ing ctr vién dugc xem la tdt nhat, nhidu htra hen nht.

Can nhin manh réng, thuat toan tham an trong mot s6 bai toan, néu xay dung
dugc ham thich hop c6 thé cho nghi¢m t61 vu. Trong nhi€u bai todn, thuat toan
tham &n chi tim dugc nghiém gan ding véi nghiém to1 vu.

3.2. Bai toan nguoi du lich

(Bai toan ¢ muc 2.2)



C6 nhiéu thuat toan tham n cho bai nay, mot thuat toan véi y tuong don gian nhu
sau: Xuat phat tir thanh phd 1, tai mdi budc ta s& chon thanh phd tiép theo 14 thanh
phd chua dén tham ma chi phi tir thanh phé hién tai dén thanh phd d6 1a nho nhat,
cu thé:
+ Hanh trinh cén tim ¢6 dang (x; = 1, Xa, ..., Xp, Xpr1 = 1), trong do6 day (xi,
X2, ..., Xp) 1ap thanh mot hoan vi cua (1, 2, ..., n).
+ Ta xay dung nghiém timg budc, bit dau tir x,=1, chon x, 1 thanh phd gan
x, nhat, sau d6 chon x; la thanh phd gan x, nhat (x3 khac x,)... Tong quat:
chon x; 1a thanh phé chua di qua ma gan x;.; nhat.(2 <i<n).

program TSP;

const MAX =100;

00 =1000000;

fi ='TSP.INP';

fo ='TSP.OUT';
var c rarray[l..MAX,1..MAX]of
longint;

X rarray[l..MAX]of longint;

d rarray[l..MAX]of longint;

n :longint;

sum :longint;

procedure input;

var f ttext;
i,j,k :longint;

begin
assign(f, fi); reset (f);
read (f,n);
for i:=1 to n do
for j:=1 to n do read(f,C[i,7]1):;

close (f);

end;
procedure output;
var f text;
i :longint;
begin
assign(f, fo); rewrite(f);

writeln (£, sum) ;
for 1:=1 to n do write(f,x[i],'->");
write(f,x[11);
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close (f);
end;
procedure Greedy;
var i,3,xi :longint;
best :longint;
begin
x[1]:=1;
d[l]:=1;
i:=1;
while i<n do begin
inc (i) ;
// chon teng cir vién tot nhdt
best:=00;
for j:=1 to n do
if (d[3]=0) and (c[x[i-1],]j]l<best) then begin
best:=c[x[i-1],31;
xi:=j;
end;
x[1]:=x1i; //ghinhdn thanh phan nghiém thir i
d[xi]:=1;
sum:=sum+c [x[i-1],x[i]];

end;

sum:=sum+c [x[n],x[1]];
end;
BEGIN

input;

Greedy;

output;
END.

Vi du 1. Xuét phat tir thanh phé 1, ta xy dung dugc hanh trinh 1> 2> 4> 3>1
vé6i chi phi 97, day 1a phuong an t6i uu.




Vi du 2. Xuat phat tir thanh phd 1, ta xay dung duoc hanh trinh 12> 4> 3> 2>1
v6i chi phi 132, nhung két qua toi wu 14 117.

20

10 o0

3.3. Bai toan may rut tién tu dong ATM

(bai toan ¢ muc 2.3)

Thuat toan véi y tuéng tham dn don gian, ham chon nhur sau: Tai mdi budc ta s&
chon to tién 10n nhat con lai khong vugt qué lwong tién con phai tra, cu thé:

- Sap xép céc to tién giam dan theo gia tri.
- Lan luot xét cc to tién tir gia tri 16n dén gia tri nho, néu van con chua lay
da S va to tién dang xét ¢ gia tri nhé hon hodc bang S thi lay ludn to tién

do.

const MAX =100;
fi ='ATM.INP';
fo ='ATM.OUT';

type vector =array[l..MAX]of longint;

var t rarray[l..MAX]of longint;
X :vector;
C :longint;
n,s :longint;

procedure input;

var f text;

i :longint;
begin
assign(f, fi); reset(f);

readln(f,n, s);
for i:=1 to n do read(f,t[i]);
close (f);
end;
procedure greedy;
var i,7J :longint;




tmp :longint;
begin
fillchar (x,sizeof (x),0);
{sdp xép cdc to theo gid tri giam dan)
for i:=1 to n-1 do
for j:=i+1 to n do

if t[i]<t[j] then begin
tmp:=t[i];
tlil:=t[3];
t[j]:=tmp;
end;
c:=0;

for i:=1 to n do
if s>=t[i] then
begin
inc(c);  {s6 heong to ldy)
x[1]:=1; {toiduwocliy}
s:=s-t[i];
end;
end;
procedure printResult;
var 1 :longint;
f ttext;
begin
assign(f, fo); rewrite(f);
if s=0 then begin
writeln(f,c);
for i:=1 to n do
if x[i]=1 then write(f,t[i],"' "):;
end
else write(f,'-1"); {néu khéng ldy dwoc di S, S>0)
close (f);
end;
BEGIN
input;
greedy;
PrintResult;
END.
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Céc bg test thir nghiém

test | Dr liéu vao Két qua tim duogc
1 10 390 5

200 10 20 20 50 50 50 50 100 100|200 100 50 20 20
2 11 100 8

50 20 20 20 20 20 2 2 2 2 2 50 20 20 2 2 2 2 2
3 6 100 -1

50 20 20 20 20 20

V61 bo test (1), thuat toan tham an cling cho dugc nghiém tbi uvu. Tuy nhién, véi
b test (2), thuat toan tham an khéng cho nghiém t6i wu va véi bo test (3), thuat
toan tham an khong tim nghiém mac du c6 nghiém.

3.4. Bai toan lap lich giam thiéu tré han
Bai toan:
Co6 n cong viéc danh s6 tir 1 dén n va co6 mot may dé thuc hién, biét:

- p; 1a thoi gian can thiét dé hoan thanh cong viéc i.

- d; la thoi han hoan thanh cong viéc i.
May bat dau hoat dong tir thoi diém 0. Mdi cong viée can dugc thyc hién lién tuc
tir luc bat dau cho toi khi két thuc, khong dugc phép ngit quing. Gia sir ¢; 1a thoi
diém hoan thanh cong viéc i. Khi d6, néu ¢; > d; ta ndi cong viéc i bi hoan thanh
tré han, con néu c; < d; thitanoi cong viéc i dugce hoan thanh ding han.
Yéu cau: Tim trinh tyu thuc hién céac cong viéc sao cho sb cong viéc hoan thanh tré
han 12 it nhat (hay s6 cong viéc hoan thanh ding han 13 nhiéu nhét).
Dir liéu vao trong file “JS.INP” co dang:

- Dong dau la sé‘n (n < 100) la sO cong viée

- Dong thir hai gom n s6 la thoi gian thue hién cac cong viée

- Dong thtr ba gom n s6 1a thoi han hoan thanh cac cong viéc
Két qua file “JS.OUT” ¢6 dang: gom mot dong 13 trinh tu thuc hién cac cong
viéc.
Vi duy: gia st c6 5 cong viéc voi thoi gian thye hién va thoi gian hoan thanh
nhu sau:

pi16(3]5 |7 |2




d; [8|4]15(20]3

Néu thuc hién theo tht tu 1, 2, 3, 4, 5 thi s& ¢4 3 cong viéc bi tré han 1a cong vige
2, 4 va 5. Con néu thuc hién theo tht tu 5, 1, 3, 4, 2 thi chi c6 1 cong viéc bi tré
han 1 cong viéc 2, day 1a tht ty thuc hién ma s6 cong viée bi tré han it nhat
(nghiém tbi uu).

Gidi

Ta c6 hai nhan xét sau:

+ Néu thir tu thuc hién céc cong viéc ma c6 cong viéc bi tré han duoc Xép trudc
mot cong viéc dung han thi ta s€ nhan dugc trinh tu tdt hon béng cach chuyén
cong viéc tré han xuéng cudi cung (vi déng ndo cong viéc ndy ciing bi tré han).

Vi du: tha tu 1, 2, 3, 4, 5 c6 cong viéc 2 bi tré han Xép trudc cong viée 3 ding
han, ta chuyén cong viéc 2 xubng cudi cting dé nhan dugc thi tu: 1, 3, 4, 5, 2, thi
tu nay chi c6 2 cong viéc bi qua han 1a cong viéc 5 va 2.

Nhu vay, ta chi quan tdm dén viéc xép lich cho cac cong viéc hoan thanh ding
han, con cac cong viée bi tré han co thé thyuc hién theo trinh tu bat ki.

+ Gia st Js 1a tap gobm k cong viéc (ma ca k cong viéc nay déu co thé thuc hién
dang han) va ¢ = (iy, iy,.., i) 12 mot hodn vi cta cac cong viéc trong /s sao cho
di, <d;, <--<d; thitht ty o la the tu dé hoan thanh dung han dugc ca k
cong vigc.

Vi du: Js gém 4 cong viéc 1, 3, 4, 5 (4 cong viéc nay déu co thé thuc hién ding
han), ta c6 thtr tu thuc hién 0 = (5,1,3,4) vids =3<d; =8<d3=15<
d, = 20 dé ca 4 cong viéc déu thyc hién dang han.

Str dung chién lugc tham n, ta xay dung tap cong viéc Js theo timg budc, ban
dau Js = @. Ham chon dugc xay dung nhu sau: tai mdi budc ta s& chon cong viéc
Job;ma c6 thdi gian thuc hién nho nhét trong sb cac cong viée con lai cho vao tap
Js. Néu sau khi két nap Job;, cac cong viéc trong tap Js déu c6 thé thuc hién ding
han thi ¢6 dinh viéc két nap Job; vao tap Js, néu khong thi khong két nap Job;. Dé
don gian, ta gia sir rang cac cong viéc duge danh sd theo tht ty thoi gian thuc
hién ting dan p; < p, < -+ < p,,. Ta ¢ luge do thuat toan tham an nhu sau:

procedure JobScheduling;
begin
Js=0;

for i:=1 to n do




if céc céng viéc trong tap (JsU{Job;}) hoan thanh dung
han then
Js=]s U {i};

for i:=1 to n do

if Job; € Js then JsU{Job;});
end;

Sau day la chuong trinh hoan chinh:

const MAX =100;
fi ='js.inp';
fo ='Js.out';
type TJob =record

p, d :longint;
name :longint;

end;
TArrJobs =array[l..MAX]of TJob;
var jobs, Jds :TArrJobs;
d rarray[l..MAX]of longint;
n,m :longint;
procedure input;
var f ttext;
i :longint;
begin

assign(f, fi);
reset (f);
readln (f,n);
for i:=1 to n do read(f,jobs[i].p)’
for i:=1 to n do read(f,jobs[i].d);
close (f);
for i:=1 to n do jobs[i].name:=i;
end;
procedure swap (var jl,j2:TJob);
var tmp :TJob;

begin
tmp:=7j1;
J1:=32;
Jj2:=tmp;
end;

function check(var Js:TArrJobs; nJob:longint) :boolean;
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var i,3j :longint;
t :longint;
begin
for i:=1 to nJdob-1 do
for j:=i+1 to nJob do
if Js[i].d>Js[j].d then swap(Jds[il,Jds[]]):
t:=0;
for i:=1 to nJob do begin
if t+Js[i].p>Js[i].d then exit (false);
t:=t+Js[i].p;
end;
exit (true);
end;
procedure Greedy;
var i,3j :longint;
Js2 :TArrJobs;
begin
for i:=1 to n-1 do
for j:=i+1 to n do
if Jjobs[i].p > jobs[J].p then
swap (jobs[i],Jjobs[j]);
fillchar(d, sizeof (d),0);
m:=0;
for i:=1 to n do begin
Js2:=Js;
Js2 [m+1] :=Jjobs[i];
if check(Js2,m+1l) then begin

m:=m+1;

Js:=Js2;

d[i]:=1;
end;

end;
//writeln (m) ;
for i:=1 to n do
if d[i]=0 then begin
m:=m+1;
Js[m] :=jobs[i];
end;
end;




procedure printResult;
var f text;
i :longint;
begin
assign(f, fo); rewrite(f);
for 1i:=1 to n do write(f,Js[i].name,' ");
close (f);
end;
BEGIN
input;
Greedy;
printResult;
END.

Chu y: Thuat toan tham #n trinh bay trén ludn cho phuong an tbi uu.

4. Chia dé trj (Divide and Conquer)
4.1. Phuong phap

Tu tudng cta chién lugc chia dé tri nhu sau: Ngudi ta phan bai toan can giai thanh
cac bai toan con. Cac bai toan con lai dugc tiép tuc phan thanh cac bai toan con
nho hon, ctr thé tiép tuc cho téi khi ta nhan duge céc bai toan con hodc da c6 thuat
giai hodc 13 c¢6 thé d& rang dua ra thuat giai. Sau d6 ta tim cach két hop cac
nghiém cua cac bai toan con dé nhan duoc nghiém cua bai todn con 16n hon, dé
cudi cing nhan duoc nghiém cua bai toan can giai. Thong thudng cac bai toan con
nhan dugc trong qua trinh phéan chia 1a cing dang véi bai toan ban dau, chi co c&

cua ching 1a nho hon.

Thuét toan chia dé tri c6 thé biéu dién bang mé hinh dé quy nhu sau:

procedure DivideConquer (A, x); // tim nghiém x cua bai toan A
begin
if (A du nho) then Solve (A)
else begin
Phdn A thanh cédc bai toadn con A;, 2A,, .., Ay
for i:=1 to m do DivideConquer (A;, Xi);

con A; dé nhan duoc nghiém cta bai toén A;
end;

end;

Két hop cdc nghiém x; (i=1,2,..,m) cua cac bai toéan




Trong thu tuc trén, Solve(A) 1a thuat giai bai toan A trong trudng hop A cé ¢o du
nho.

Trong thuét todn tim kiém nhi phan va thuat toan sip xép nhanh-QuickSort (¢
chuyén dé sa“ip Xép) 1a hai thuat toan duoc thiét ké dua trén chién luoc chia dé tri.
Sau day, chiing ta s& tim hiéu mot s6 vi du minh hoa cho phwong phép chia dé tri.

4.2. Bai toan tinh a”
Bai toan: Cho sb a va sb nguyén duong n, tinh a™

Cdch 1: Str dung thuat toan ldp, mat n phép nhan dé tinh a™

procedure power (a,n:longint;var p:longint);
{gid tri a" sé dwoc luu vdo bién p}
var i : longint;
begin
p:=1;
for i:=1 to n do p:=p*a;
end;
var a, n, p : longint;
BEGIN
write ('Nhap a, n:'); readln(a, n);
power (a,n,p) ;s
write (p);
END.

Cdch 2: Ap dung ki thuét chia dé tri, ta tinh a™ dwa vao a¥ (trong d6 k = n div 2)
nhu sau:

- néun chin: a® = a* x ak

- néunlé:a®=a*xa¥xa

kdw2 qua trinh chia nho cho dén khi nhan dugc bai

Dé tinh a¥ ta lai dua vao a
toan tinh a® thi ding.
Vi du: tinh 9"

- bai toan duogc tinh dua trén bai toan con 9°, ta c6 913 = 96 x 97

- bai toan 9° duoc tinh dua trén bai toan con 9°, ta ¢6 95 = 93 x 93

- bai toan 9° duoc tinh dya trén bai toan con 9', ta ¢6 913 = 91 x 91 x 9!

Thu tuc dé quy power (a, n, p) sau thé hién y tudng trén.

procedure power (a,n:longint; var p:longint);

var tmp : longint;




begin

if (n=1) then p:=a

else begin
power (a,n div 2, tmp);
if (n mod 2=1) then p:=tmp*tmp*a
else p:=tmp*tmp;

end;

end;

hodc viét dudi dang ham nhu sau:

function power (a,n:longint) :longint;
var tmp : longint;
begin
i1f (n=1) then exit (a)
else begin
tmp:=power (a,n div 2);
if (n mod 2=1) then exit (tmp*tmp*a)
else exit (tmp*tmp) ;
end;

end;

Dé danh gia thoi gian thyc hién thuat toan, ta tinh s phép nhan phai sir dung, goi
T'(n) 1a s6 phép nhan thyc hién, ta co:

T(1) = 0
T(n) < T(g)+1+1 néun>1
T(n)ST(%)+2ST(%)+2+2S---S210gn

Nhu vay, thuat toan chia dé tri mat khong qua 2logn phép nhan, nho hon rat
nhiéu so véi n phép nhan.

4.3. Bai toan Dif f

Bai toan: Cho mang s6 nguyén A[1..n], can tim Dif f(A[1..n]) = A[j] — A[i]
dat giatri I6nnhatma 1 <i <j <n.

Vi du: mang gdm 6 s 4, 2, 5, 8, 1, 7 thi d6 1éch can tim 1a: 6

Cdch 1: Thir tat ca cac cap chi sb (i, j), d6 phic tap O (N?)

procedure find(var maxDiff:longint);
var i,3j :longint;
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begin
maxDiff:=0;
for i:=1 to n do
for j:=1 to n do
if al[jl-al[i]l>maxDiff then maxDiff:=al[jl-ali]l;

end;

Cach 2: Ap dung ki thuat chia dé tri, ta chia mang A[1..n] thanh hai mang con
A[l.. k] vaA[(k + 1)..n] trong d6 k = n div 2, ta co:

Diff(A[1..k])

Diff(A[1..n]) =< Diff(A[(k + 1)..n])

MAX(A[(k + 1)..n]) — MIN(A[1..k])
Néu tim duoc do 1éch (Diff), gia tri 16n nhat (MAX) va gia tri nho nhat (MIN)
clia hai mang con A[1..k] va A[(k + 1)..n], ta s& dé rang xac dinh duoc gia tri
Dif f (A[1..n]). Bé tim d6 léch, gia tri 1on nhat va gia tri nho nhat cia hai mang
con A[1..k] va A[(k + 1)..n], ta lai tiép tuc chia doi chung. Qué trinh phan nho
bai toan dirng lai khi ta nhan dugc bai todn mang con chi co 1 phan tir. Tir phuong
phép da trinh bay ¢ trén, ta xay dung thu tuc dé quy

find2 (1, r,maxDiff,maxValue,minValue)

tim gia tri d léch, gia tri 16n nhét, gia tri nho nhat trén mang A[L..7] véi
1<i<r<n

const MAXN =100000;
fi ='';
fo ='';
var a rarray[l..MAXN]of longint;
n :longint;
maxdiff :longint;

tmpl, tmp2 :longint;
procedure find2 (1, r:longint;var
maxDiff,maxValue,minValue :longint);
var mid :longint;
maxDl, maxV1l, minV1l :longint;
maxD2, maxV2, minV2 :longint;
begin
if 1=r then begin
maxDiff:=0;
maxValue:=alr];
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minValue:=al[r];
end
else begin
mid:=(1+r) div 2;
find2 (1, mid, maxDl, maxV1l,minV1) ;
find2 (mid+1, r, maxD2, maxV2, minV2);
maxDiff:=maxV2 - minV1;
if maxDiff < maxDl then maxDiff
if maxDiff < maxD2 then maxDiff
if maxVl > maxV2 then
maxValue:=maxV1l else maxValue:=maxV2;
if minVl < minV2 then
minValue:=minV1l else minValue:=minV2;

maxD1;

maxD2;

end;
end;
procedure input;
var f text;
i :longint;
begin
assign(f, fi); reset(f);

readln (f,n);
for i:=1 to n do read(f,alil]);
close (f);
end;

BEGIN
input;
find2 (1,n,maxDiff, tmpl, tmp2) ;
writeln (maxDiff) ;

END.

Goi T (n) 1a s6 phép toan can thyc hién trén mang n phan tir A[1..n], ta cé:

0 neun=1

T(n) = T(g)_}_'r(g)-}-a néun>1

Gia str, n = 2%, bang phuong phap thé ta co:
Tn) =TRY =2TR* D +a=2QTC2*"H+a) +a
=22T(2¥")+ 20 +a = =23T(2¥3) +22+2+1
=2fT(D) + 2 a+ -+ 2a+a=2F-Da=n-1a



Do phtrc tap thuét toan 1a: O(N)

4.4. Lat nén

Hay lat nén nha hinh vuéng canh n = 2¥ (2 < k < 10) bi khuyét mét phan tu tai
goc trén phai (khuyét phan 2) bang nhitng vién gach hinh thudc tho tao boi 3 6
vuong don vi.

Nén nha (k = 3) Gach hinh thuéc thy M@t cdch lit nén
Gidi. Ta chia nén nha thanh 4 phan (hinh bén
phai), mdi phan c6 hinh dang gidng véi hinh
ban dau nhung c6 canh gidm di mgt ntra. Nhu
vy, néu co thé 1at nén véi kich thude 2 thi ta
hoan toan c6 thé 1at nén véi kich thuge 2%+1.

Thu tyuc d¢ quy cover (x, vy, s, t) dudi day
s& 1at nén co6 kich thudc s, bi khuyét phan
t (t =1,2,3,4) co toado trai trén 1a (x, y).

const MAXSIZE =1 shl 10;
var a tarray[l..MAXSIZE,1l..MAXSIZE]of longint;
count, k :longint;
procedure cover(x,vy,s,t:longint);
begin
if s = 2 then begin

inc (count) ;
if t<>1 then
if t<>2 then
if t<>3 then
if t<>4 then

alx,y]:=count;
a[x y+1] :=count;
al[x+l,y] :=count;
al[x+l,y+1] :=count;

exit;
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end;

if t=1 then begin
cover (x,y+s div 2,s div 2,3);

cover (x+s div 2,vy,s div 2,2);

cover

—~ o~ o~ —~

cover (x+s div 4,y+s div 4,s div 2,1)
end;
if t=2 then begin

cover (x,y,s div 2,4);

cover (x+s div 2,vy,s div 2,2);
cover (
cover (x+s div 4,y+s div 4,s div 2,2)
end;
if t=3 then begin

cover (x,y,s div 2,4);

cover (x,y+s div 2,s div 2,3);
cover (
cover (x+s div 4,y+s div 4,s div 2,3
end;
if t=4 then begin

cover (x,y,s div 2,4);

cover (x+s div 2,vy,s div 2,2);

cover (x,y+s div 2,s div 2,3);

(
(
(
(

cover (x+s div 4,y+s div 4,s div 2,4);

end;
end;
procedure output;
var i,3j :longint;
f ttext;
begin
assign(f, 'cover.out'); rewrite(f);
for i:=1 to 1 shl k do
begin

for j:=1 to 1 shl k do write(f,ali

writeln(f);
end;

xts div 2,y+s div 2,s div 2,1);

x+s div 2,y+s div 2,s div 2,1);

xts div 2,y+s div 2,s div 2,1);

Ij]l'

')
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close (f);
end;
BEGIN
write ('k=");readln (k) ;
cover(1,1,1 shl k,2);
output;
END.

Vi du vé Input / Output ctia chwong trinh:

k=3 11330000
14430000
2413130000
2213160000
5514161615 9 9
5
6
6

81414151512 9
8 8 710121211
6 7710101111

4.5. Thap Ha Ngi

Cho 3 cai coc va n dia c6 kich thudc
khéac nhau. Ban dau ca n dia déu & coc 1
va duoc xép theo tht tu dia to & dudi,

dia nho ¢ trén. Hay di chuyén ca n dia tir
coc 1 sang coc 3 theo quy tic sau: @

- Mot 1an chi duge chuyén mot dia

- Trong qué trinh chuyén dia, c6 thé sir
dung coc 2 lam coc trung gian va mot

dia chi duogc dat Ién mot dia 16n hon.

Gidi

bpé chuyén n dia tir coc 1 sang coc 3 ta s& thyc hién nhu sau:
- chuyén (n — 1) dia tir coc 1 sang coc 2, sir dung coc 3 1am coc trung gian
- chuyén 1 dia tir coc 1 sang coc 3

- chuyén (n — 1) dia tir coc 2 sang coc 3, sir dung coc 1 1am coc trung gian



>
o | f |

procedure move (n :longint;src,dst,tmp:longint);
begin
if n = 1 then writeln('move ',src,' ',dst)

else begin
move (n-1, src, tmp,dst) ;
move (1, src,dst, tmp) ;
move (n-1, tmp, dst, src) ;

end;

end;

4.6. Bai toan sip xép mang bang thuit toan tron (Merge Sort)

Bai toan: Cho mang s nguyén A[1..n], can sip xép cac phan tir clia mang theo
thir ty ting dan.

Giai: Ta chia mang A[1..n] thanh hai mang con A[1..k] va A[(k + 1)..n] trong
d6 k = n div 2. Gia su, hai mang con A[1..k] va A[(k + 1)..n] di duoc sap xép
tang dan, ta s& tron hai mang con dé dugc mang A[1..n] ciling sap xép tang dan.
Dé sap xép hai mang con A[1..k] va A[(k + 1)..n] ta lai tiép tuc chia d6i chiing.
Thi tuc dé quy MergeSort(i,j) sip xép ting dan mang con Afi..j]véi1 <i <j <
n. Dé sap xép ca mang A[1..n], ta chi can goi thi tuc nay véii = 1,j = n.

procedure MergeSort (i, j:longint);
var k : longint;
begin
if (i<j) then begin
k:=(i+3) div 2;
MergeSort (i, k) ;
MergeSort (k+1,73);
Merge (i,k,73);
o {thi tuc Merge(i,k, j’) t]’én hai mdng con A[i.k], A[(k+1).j] da duwoc
sap xep thanh mang A[i..j] ciing dwoc sap xep}
end;
end;




Viéc tron hai mang con di dugc sap xép A[i.. k] va A[(k + 1)..j] thanh mang
A[i.. j] cling duoc sap xép c6 thé thyc hién trong thoi gian O(j — i + 1), 1a bai tap
3.8 & chuyén dé Séap xép. Thudt todn MergeSort c6 dé phirc tap la O (nlogn).

5. Quy hoach déng (Dynamic programming)
5.1. Phwong phap

Trong chién lugc chia dé tri, nguoi ta phan bai toan can giai thanh cac bai toan
con. Cac bai toan con lai dugc tiép tuc phan thanh cc bai toan con nho hon, ct
thé tiép tuc cho t6i khi ta nhan dugc cac bai toan con c6 thé giai duoc dé dang.
Tuy nhién, trong qua trinh phan chia nhu vy, c6 thé ta s& gap rat nhiéu lan ciing
mat bai toan con. Tu tudng co ban cua phuong phap quy hoach dong la sir dung
mot bang dé luu gitr 101 giai cua cac bai toan con da dugc giai. Khi giai mot bai
toan con can dén nghiém cua bai toan con ¢& nho hon, ta chi can lay 10i giai ¢
trong bang ma khong can phai giai lai. Chinh vi thé ma cac thuat toan duoc thiét
ké bang quy hoach dong s& rat hiéu qua.
Dé giai quyét mot bai toan bang phuwong phap quy hoach dong, chung ta can tién
hanh nhiing cong viéc sau:
- Tim nghiém clia cic bai toan con nho nhat.
- Tim ra cong thirc (hodc quy tic) xdy dung nghiém ciia bai toan con thong
qua nghiém cua cac bai toan con ¢d nho hon.
- Tao ra mgt bang luu gitt cac nghi¢ém cua cac bai toan con. Sau do tinh
nghiém cua céc bai todn con theo cong thirc da tim ra va luu vao bang.
- Tir cic bai toan con da giai dé tim nghiém ctia bai toan.
Sau day, ching ta s& tim hiéu mot sd vi du minh hoa cho phuong phap quy
hoach dong.

5.2. S6 Fibonacci

S6 Fibonacci duge xac dinh boi cong thrc:

Fp=0

F]_ = 1

Fn = Fn—l + Fn_z vo"l n 2 2
Hay xac dinh s Fibonacci thi n.

Cdch 1: Ap dung phuong phép chia dé tri, ta tinh F, dua vao F,_; va F,_,.



function F(n: longint): int64;

begin

if n <=1 then F :=n

else F := F(1 - 1) + F(1 - 2);
end;
BEGIN

readln (n);
Writeln (F(n));
END.

Ham dé quy F(n) dé tinh sé Fibonacci thit n. Vi du n = 6, chuwong trinh chinh goi
F(6), n6 s& goi tiép F(5) va F(4) dé tinh ... Qu4 trinh tinh toan c6 thé v& nhu cay
dudi ddy. Ta nhan thiy dé tinh F(6) n6 phai tinh 1 1an F(5), hai lan F(4), ba lan
F(3), nam lan F(2), ba lan F(1).

Cach 2: Phuong phéap quy hoach dong.

Ta sit dung mang S[0.MaxN], S[i] dé luu lai 10i giai cho bai toan tinh sb
Fibonacci thir 1.

const MaxN =50;
var S rarray[0..MaxN]of int64;
n, k :longint;
function F(n:longint) :int64;
begin
if S[n]=-1 then
begin

{bai todn chwea dwoc gidi thi sé tién hanh gidi)

if n<=1 then S[n]:=n

else S[n]:=F(n-1) + F(n-2);
end;

{néu bai todn da dwoc gidi thi khéng can gidi nita ma ldy luén két qua)




end;
BEGIN
readln (n) ;
for k:=0 to MaxN do S[k]:=-1;
writeln (F(n));
END.

Ta nhan théy, mdi bai toan con chi dugc gidi ding mat lan. Hay cai dat ca 2
chuong trinh trén va thir chay véin = 40 dé théy duoc su khac biét!

Ta ciing c6 thé cai dit phuong phép quy hoach dong cho bai toan nhur sau:

const maxN =50;
var S : array[0..maxN] of Int64;
i longint;
BEGIN
readln(n);
S[0] :=1; S[1] := 1;
for i := 2 to n do
S[i] := S[i - 1] + S[i1i - 271;
Writeln(S[n]);
END.

Trude hét no tinh sdn S[0] va S[1], tir 46 tinh tiép S[2], lai tinh tiép duoc S[3],
S[4]..., S[n]. Pam bao rang mdi gi4 tri Fibonacci chi phai tinh 1 1an.

5.3. Day con don diéu ting dai nhat

Cho diy s nguyén A = aj, a, ..., a,. (n < 1000, -10000 < a; < 10000). Mot diy
con cia A 1a mot cach chon ra trong A mot s6 phan tir giit nguyén thir ty. Nhu vay
A ¢6 2" diy con.

Yéu cau: Tim day con don di€u tang cua A c6 do dai 16n nhét.

Vidu: A=(1,2,3,4,9,10,5,6,7, 8). Diy con don diéu ting dai nhét 1a: (1, 2, 3,
4,5,6,7,8).

Gidi

B6 sung vao A hai phan tir: ag = -0 va a,y = +oo. Khi d6 day con don diéu ting
dai nhdt chdc chén sé bat ddu tir ag va két thic ¢ a,+ ;.

V6iVi: 0<i<n+ 1. Tasétinh L[i] = d6 dai diy con don di¢u ting dai nhat bat
dau tai a;.



1. Bai todn nhé nhit
L[n + 1] = Do dai diy con don diéu ting dai nhat bit diu tai a,.; = +oo. Day con
nay chi gdm mdi mot phan tir (+o0) nén L[n + 1] = 1.

2. Cong thirc

Gia st voi i tir n dén 0, ta can tinh L[i]: do dai ddy con ting dai nhat bat dau tai a;.
L[i] duoc tinh trong diéu kién L[i + 1], L[i + 2], ..., L[n + 1] da biét:

Diy con don diéu ting dai nhat bit dau tir a; s& duoc thanh 1ap bang cach lay a;
ghép vao dau mot trong sb nhimg diy con don diéu ting dai nhat bat dau tai vi tri
a; dung sau a;.

Ta s& chon diy nao dé ghép a; vao dau? Tat nhién l1a chi dugc ghép a; vao dau
nhiing ddy con bat dau tai aj nao do 16n hon a; (d¢ dam bao tinh ting) va di nhién
ta s€ chon day dai nhat dé ghép a; vao dau (dé dam bao tinh dai nhat). Vay L[i]
duoc tinh nhu sau:

Xét tdt ca cdc chi sé j trong khodng tir i + 1 dén n + 1 ma a; > aj;, chon ra chi 6
jmax co L[jmax] lon nhat. Pat L[i] := L[jmax] + 1.

3. Truy vét

Tai budc xay dung diy L, mdi khi tinh L[i] := L[jmax] + 1, ta dit T[i] = jmax.

Pé luu lai rang: Day con dai nhat bat dau tai a; s& c6 phan tir thu hai ké tiép 1a
aimax. Sau khi tinh xong hay diy L va T, ta bat dau tir 0. T[0] 14 phan tir dAu tién
duoc chon,

T[T[0]] 14 phén ti thir hai duoc chon,

T[T[T[0]]] 1 phan tir thir ba duoc chon ...

Qué trinh truy vét c6 thé dién ta nhu sau:

i := T[O0];
while 1 <> n + 1 do

{Chung nao chua duyét dén sbé an+l=+w & cubi}

begin
<Théng bao chon a;>
i = T[i];

end;

Vidu:v6iA=(5,2,3,4,9,10,5,6,7,8).
Hai day Length va Trace sau khi tinh s& la:



A

i 0 1 2 3 4 5 6 7 8 9 10 11
a; -00 5 2 3 4 9 10 5 6 7 8 +o0
Length[i] 9 5 8 7 6 3 2 5 4 3 2 1
Trace][1] 2 8 3 4 7 6 11 8 9 10 11
Truy vét ———> —> —> > —>—> —> ——>
Const max = 1000;
var
a, L, T: array[0..max + 1] of longint;
n: longint;
procedure Enter; {Nhap dir liéu}
var
i: longint;
begin
Write('n = '); Readln(n);
for i := 1 to n do
begin
Write('al[', i, '] = "); Readln(alil]):
end;
end;

procedure Optimize; {Ouy hoach dong}

var
i, J, Jmax: longint;
begin
‘a[O] = -32768; a[n + 1] := 32767; ﬂ%éﬂhuﬂ%dnniamhhm
dau day a}
Ln + 1] := 1; {Pién co s¢ quy hoach dong vio bang phwong dn)
for i := n downto 0 do
begin
{Chon trong cdc chi s6 j ding sau i thod mén aj > ai ra chi $6 jmax c6 Lfjmax] lém nhdt}
Jmax := n + 1;
for 3 =1 + 1 ton + 1 do
if (al[j] > ali]) and (L[j] > L[jmax]) then Jjmax
=35
L[i] := L[jmax] + 1; {Luu dj daiddy con ting dai nhdt bdt dau tai ai}
T[i] := jmax; {Luwu vét: phan tir dimg lién sau a; trong ddy con ting

dai nhdt do 1 aj,q.}

end;
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Write%n('Length of result : ', L[0] = 2);{Chiéu dai day con
tang dai nhat}
i := T[O0]; {Bdt ddu truy vét tim nghiém)
while 1 <> n + 1 do
begin
Writeln('al', i, '] ="', alil]):;
i = T[i];
end;
end;
begin
Enter;
Optimize;
end.

5.4. Day con chung dai nhét
Cho hai s nguyén duong M,N (0 < M,N < 100) va hai diy sd nguyén: A,
As,...,Am va By, B,,...,Bn. Tim mQt day dai nhat C 1a déy, con chung dai nhat cua
hai day A V:c‘l B, nhan duogc tor A ]Dﬁl}g cach xo04 di mdt so s6 hang va cling nhan
duogc tir B bang cach xo04 di mot s6 so hang.
Dir liéu vao trong file LCS.INP co6 dang:

+ Dong thu nhét chira M s6 Al Ao,..., Aum

+ Dong thur hai chira N s6 By, Bs,..., B
Dir liéu ra trong file LCS.OUT co dang:

+ Dong thir nhét ghi s6 k 14 s6 s6 hang cua diy C.

+ Dong thir hai chira k s6 13 cac s hang cta diy C.
Gidi
Cén xay dung mang L[0..M, 0..N] véi y nghia: L[i, j] 1a d6 dai cta diy chung dai
nhat cua hai day A[0.. i] va B[0..j].
Puong nhién néu mot day 1a rdng (sé phan tir 1a 0) thi ddy con chung ciing 12 rong
vivay L[0,j]=0Vj,j=1.N,L[1,0]=0Vi,i=1.M.Véi M>i>0vaN>j>
0 thi L[1, j] dugc tinh theo cong thurc truy hoi sau:

L[i,j] = Max{L[i, j-1], L[i-1, j], L[i-1, j-1] + x}

(v6i x =0 néu A[i] = B[j] , x=1 néu A[i]=B[j])



const fi = 'LCS.INP';
fo = 'LCS.OUT';
MaxMN = 100;
var f text;
a,b array[0..MaxMN] of longint;
1 array[0..MaxMN, 0. .MaxMN] of longint;
m, n longint;
P array[0..MaxMN] of longint;
count longint;
procedure Enter;
var f text;
begin
m := 0;
n := 0;
assign(f, fi);
reset (f);
while not eoln(f) do
begin
inc (m) ;
read(f,a[m]) ;
end;
readln (f);
while not eoln(f) do
begin
inc(n);
read (f,b[n]);
end;
close (f);
end;
function max(x,y longint) longint;
begin
if x>y then max := vy
else max := y;
end;
procedure Optimize;
var 1i,]J longint;
begin
for i:=1 tom do 1[i,0 = 0;
for j:=1 to n do 1[0,3] := 0;

for i:=1 to m do
for j:=1 to n do
begin




if a[i]=b[j] then 1[i,3] := 1[i-1,3-1] + 1

else 1[1i,]3] := max(l[i,3j-1]1,1[i-1,31)~
end;
end;
procedure Trace;
var f : text;
i,3 : longint;
begin

assign (f, fo);
rewrite (f);
writeln(f,1[m,n]);
i = m;
J 1= n;
fillchar (p,sizeocf (p),0);
count:= 0;
while (i>0) and (3j>0) do
begin
if al[i]l=b[]j] then
begin
inc (count) ;
plcount] := alil;
dec (i) ;
dec(3);
end
else if 1[i,jl1=1[1i,J-1] then dec(7])
else dec(1i);

end;
for i:=count downto 1 do write(f,pl[i],' ")
close (f);
end;
BEGIN
Enter;
Optimize;
Trace;
END.

5.5. Bai toan cai tui

Trong si€u thi c6 n goi hang (n < 100), go1 hang thir 1 c6 trong lugng 1a W; < 100
va tri gida V; < 100. Mot tén trdm dot nhap vao si€u thi, stic cia tén trom khong thé
mang duoc trong lugng vugt qua M ( M < 100). Hoi tén trom sé& lay di nhitng goi
hang nao dé duoc tong gié tri 16n nhat.
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Gidi

Néu goi Bfi, j] la gid tri I6n nhdt ¢6 thé c6 bang cach chon trong cac goi {1, 2, ...,

i} voi giéi han trong luong j. Thi gid tri 16n nhat khi dugc chon trong s6 n gbi véi

gidi han trong lugng M chinh 1a B[n, M].

1. Cong thirc tinh BJi, j].

Vi gidi han trong lugng j, viée chon t6i wu trong s6 cac goi {1,2, ...,i-1,1} dé

c6 gia tri 16n nhat s& c6 hai kha ning:

e Néu khong chon goi th i thi B[i, j] 1a gia tri 16n nhat c6 thé bang cach chon
trong s6 cac goi {1, 2, ..., i- 1} voi gidi han trong lwong 1a j. Tac 1a B[i, j] =
B[l - 1: J]

o Néu c6 chon géi thir i (tit nhién chi xét t6i trudng hop nay khi ma W; < j) thi
Bli, j] bang gié tri goi thtt i 12 V; cong véi gia tri 16n nhat co thé c6 dwoc bang
cach chon trong sb cac goi {1, 2, ..., i- 1} voi giéi han trong lugng j - Wi. Tirc
1a vé mat gia trj thu duoc: B[i, j]= Vi +B[i- 1, j - Wi]

Vi theo cach xay dung BI[i, j] 1a gia tri 1on nhat ¢ thé nén nd sé& 1a max trong hai

gia tri thu dugc ¢ trén.

2. Co so quy hoach dong:

D@ thiy B[0, j] = gi4 tri 16n nhét c6 thé bang cach chon trong s6 0 gbi = 0.

3. Tinh bang phwong dn:

Bang phuong an B gdbm n + 1 dong, M + 1 ¢cot, trude tién dugc dién co s quy

hoach dong: Dong 0 gom toan sb 0. Str dung cong thic truy hoi, dung dong 0 tinh

dong 1, ding dong 1 tinh dong 2, v.v... dén khi tinh hét dong n.

0o 1 .. M

0 (0 |0 |0 |O




4. Truy vét:

Tinh xong bang phuong an thi ta quan tdm dén b[n, M] d6 chinh 1a gia tri 16n nhét
thu dugc khi chon trong cd n goéi véi gidi han trong lugng M. Néu b[n, M] =Db|n -
1, M] thi ttrc 12 khong chon géi tht n, ta truy tiép b[n - 1, M]. Con néu b[n, M] =
b[n - 1, M] thi ta théng bao rang phép chon tdi wu co chon goi thir n va truy tiép
b[n - 1, M - W,]. Ctr tiép tuc cho téi khi truy 1én t&i hang 0 ciia bang phuong an.

procedure Enter;
var
i: longint;

begin
Write('n = '); Readln(n);
for i := 1 to n do
begin
Writeln('Pack ', 1i);
Write(' + Weight : '); Readln(W[i]):;
Write (' + Value : '"); Readln(VI[i]);
end;
Write('M = '); Readln (M)

end;
procedure Optimize;
var

i, j: longint;

begin
FillChar(B[0], SizeOf (B[0]), 0);
for i := 1 to n do
for 3 := 0 to M do
begin
B[i, j] := B[i - 1, jl;
if (3 >= w[i]) and (B[i, J] < B[i-1,3-W[il]]
then
B(i, j] := B[i - 1, 7 - W[i]] + VI[i];
end;

const
max = 100;
var
W, V : array[l..max] of longint;
B : array[0..max, 0..max] of longint;
n, M : longint;

+ V[i])
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end;
procedure Trace;
begin

Writeln ('Max Value : ', B[n, M]);

Writeln ('Selected Packs: '"):;

while n <> 0 do

begin
if B[n, M] <> B[n - 1, M] then
begin
Writeln('Pack ', n, "W =", W[n], ' Value ="', V[nl);
M :=M - W[n];
end;
Dec (n) ;
end;

end;
BEGIN

Enter;

Optimize;

Trace;
END.

Bai tap

4.1.

Cho danh sach tén cua n (n < 10) hoc sinh (cac tén d6i mot khac nhau) va
mot s6 nguyén duong k (k < n). Hiy liét ké tat ca cac cach chon k hoc sinh
trong n hoc sinh.

Vi du:
Dt 1liéu vao Két qua ra
n=4k=2, danh sdch | C6 6 cach chon 2 hoc sinh trong
tén hoc sinh nhu sau: 4 hoc sinh:
An 1. An Binh
Binh 2. An Hong
Hong 3. An Minh
Minh 4. Binh Hong
5. Binh Minh
6. Hong Minh
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4.2. Mot day nhi phan d6 dai n (n < 10) la mét day x = x1x, ... x, trong do
x; € {0,1},i = 1,2,..,n. Hiy liét ké tat ca cac diy nhi phan d6 dai n

Dt 1iéu vao | K&t qua ra

n=3 C6é 8 dady nhi phé&n dé dai 3
000
001
010
011
100
101
110
8. 111

~ o 0w N

4.3. Cho x4u S (d6 dai khong vuot qua 10) chi gdm cac ki tu ‘A’ dén 'Z’ (cdc ki
tie trong xdu S déi mot khdc nhau). Hay liét ké tit ca cac hoan vi khac nhau

cua xau S.

Dt 1liéu vao |Két qua ra

='XYZ7' Coé 6 hoan vi khac nhau cua 'XYZ'
1. XYZ
2. XZY
3. YXZ
4. Y7X
5. ZXY
6. ZYX

4.4. Cho s nguyén duong n (n < 20),hay liét ké tat ca cac xau do dai n chi gdm
2 ki tu "A’ hodc ‘B’ ma khong ¢6 2 ki tu ‘B’ nao ding canh nhau.

Dt 1liéu vao | K&t qua ra
n=4 Co6 8 x8u do dai 4
1. AAAA
2. AAAB
3. AABA
4. ABAA
5. ABAB
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6. BAAA
7. BAAB
8. BABA

4.5. Cho diy s6 A gom N(N < 10) s6 nguyén ay,a,, ..., ay va mot sb nguyén
duong K (1 < K < N). Hiy dua ra mot cach chia diy s thanh K nhom ma
cac nhom c6 tong bang nhau.

Dt 1liéu vao Két qua ra
N=5, S=3 nhém 1: 4, 6
Day sb a: nhém 2: 1, 9
1, 4, 6, 9, 10 |nhém 3: 10

4.6. Mot xau X = x;x;..xm dugc goi la xau con cua xau Y = y;y,..yn n€u ta co thé
nhéan dugc xau X tr xau Y bang cach xoa di mot so ki tu, tirc 1a ton tai mot

day cac chi so:

1<i;, <iy<-—<iy<N d X1 = Yip X2 = Yigr = Xy = Viy,

Vi dy: X='adz' 1a xau con cia xau Y='baczdtz';i; =2 < i, =5 < i3 =7.

Nhap vao mot xau S (d¢ dai khong qua 15, chi gém cac ki tu 'a' dén 'z"), hay
liét ké tat ca cac xau con khac nhau cua xau S.

D& liéu vao

Két qud ra

S='aba'

Cé 6 xa&u con khé&c nhau cua 'aba'
a

b

aa

ab

ba

aba

o O w N

4.7. Cho sd nguyén duong n (n < 10), liét ké tat ca cac cach khac nhau dat n
ddu ngodc md va n ddu ngoic dong ding dan?

D& 1liéu vao

Két qud ra

n=3

C6é 5 céach

(CC ). (CHCNC OO D000
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4.8. Cho n (n < 10) sé nguyén duong a,, a, ...

4.9.

,a, (a; < 10°). Tim sb nguyén

duong m nho nhat sao cho m khong phan tich dugc dudi dang tong ctia mot
s0 cac s6 (mdi so str dung khong qua mdt 1an) thudc n so trén.

D& liéu vao

Két qud ra

n=4
Day sb a:
1, 2, 3, 6

13

Cho x4u S (d6 dai khong vuot qua 10) chi gdm cac ki ty A’ d&én 'Z’ (cdc ki
tir trong xdu S khéng nhat thiét phdi khac nhau). Hay liét ké tat ca cac hoan
vi khac nhau cua xau S.

D& 1liéu vao

Két qua ra

S='ABA'

1. AAB
2. ABA
3. BAA

C6 3 hoan vi khac nhau cua

'ABA'

4.10. Bai todn ma di tuan

4.11.

Cho ban co n X n 6, tim cach di chuyén mot quan ma (ma di chuyén theo

luat cd vua) trén ban cd xuat phat tir 6 (1,1) di qua tit ca cac 6, mdi 6 qua

dung mot lan.

Vi du: N=5

1 24 |13 |18 |7
14 1198 23 112
9 2 2516 17
20|15 | 4 11|22
3 10|21 |16 |5

S6 siéu nguyén t6 1a sd nguyen t6 ma khi bo mot s6 tuy y cac chir s6 bén

phai ctia n6 thi phan con lai van tao thanh mot s6 nguyen t6.

Vi du: 2333 1a mot s6 siéu nguyén té c¢6 4 chir s6 vi 233, 23, 2 ciing 1a cac

sO nguyeén to.



4.12.

4.13.

Cho s6 nguyén duong N (0< N <10), dwa ra cac sb siéu nguyén t6 c6 N chit
s6 cuing s6 lwong ciia chiing.

Vidu: V6i N=4

C6 16 sb: 2333 2339 2393 2399 2939 3119 3137 3733 3739 3793 3797
5939 7193 7331 7333 7393

Cho mét xau S (chi gdm cac ki ty '0' dén '9', d6 dai nho hon 10) va sb
nguyén M, hiy dua ra mot cach chén vao S cac dau '+ hodc '-' dé thu duoc
s6 M cho trude (néu co thé).

Vidy: M =8, S='123456789"' mot cach chen: '-1+2-3+4+5-6+7",

Trong c¢d vua quan tuong chi c¢6 thé di chuyén theo
dudng chéo va hai quan tuong co thé chiéu nhau
néu ching nim trén duong di chuyén cua nhau.
Trong hinh bén, hinh vudng t6 ddm thé hién cac vi
tri ma quéan tuong B, c6 thé di tdi dugc, quan tuong
B, va B, chiéu nhau, quan B; va B; khong chiéu
nhau. Cho kich thuéc N cua ban co va K quan
tugng, hoi cd bao nhiéu cach dit cac quan tugng
va0 ban cd ma cac quan tuong khong chiéu nhau.

Dir liéu vao trong file: “bishops.inp” c6 dang:

- Dong dau 1a s6 t 1a s6 test (t<10)

- t dong sau mdi dong chira 2 s nguyén duong N, K (2<N<10, 0<K<N?)
Két qua ra file: “bishops.out” gém t dong, mdi chira mot sd duy nhat 1a s6
cach dat cac quan tugng vao ban cd tuong ung véi dir liéu vao.

4.14. N-mino 13 hinh thu duoc tir N hinh vudng 1x1 ghép lai (canh ké canh). Hai

n-mino dugc goi 1a dong nhat néu ching c6 thé dat chong khit 1én nhau.
Cho s nguyén duong N (1<N<8), tinh va v& ra tat ca cac N-mino trén man
hinh.

Vi du: V61 N=3 chi c6 hai loai N-mino sau day:

3-mino thang 3-mino hinh thudc tho

4.15. Trong muc 2.2, 1i giai bai toan TSP 1a mot giai phap nhanh cén rét tho so.

Hay thtr chay chuong trinh véi trudng hop nhu sau: sé thanh phd n = 20,
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khoang cach giita cac thanh phd bang 1 (nghia 1a C[i,j] = 1 véi i # j). Hay
rt ra nhan xét va c6 thé danh gia nhanh cén chat hon nira lam tang hiéu qua
cta chuong trinh.

4.16. Cho ban ¢ qudc té 8x8 6, mdi 6 ghi mot sb nguyén duong khong vugt qua
32000.
Yéu cau: Xép 8 quan hau 1én ban cd sao cho khong quan nao khong ché
dugc quin ndo va téng cac sd ghi trén cic 6 ma quan hau ding 13 16n nhat.
Dir lidu vao: gdm 8 dong, mdi dong ghi 8 sé nguyén dwong, giita cac s6
cach nhau mot dau cach.

Két qua ra: mdt s6 duy nhat la dap so cua bai toan.

Dt 1liéu vao Két qud ra
1249 3214 66

6 9542 314
362341283

237 32142
12323921

21342 428
21328421

8 2342 312

4.17. Mot chiée ba 16 ¢6 thé chtra duge mot khdi lwong w. Co n (n < 20) d vat
duoc danh s6 1,2,..,n. D6 vat i c6 khoi luong a; va co gia tri c;. Can chon
cac dd vat cho vao ba 16 dé téng gia tri cac dd vat 1a 16n nhét.

4.18. Dominoes

C6 N quan Domino xép thanh mot hang

R ® o
nhu hinh vé ? 2 o o )
X . . . . . .
Moi quan Domino dugc chia lam hai e ol e °
phan, phan trén va phan dudi. Trén mat ¢ .. ® .. °

mdi phan ¢6 tir 1 dén 6 dau cham.
Ta nhan thay ring:

Téng sd dau chidm & phén trén cia N quan Domino bang: 6+1+1+1=9, tong
s6 diu chim ¢ phan duéi ciia N quan Domino bang 1+5+3+2=11, d chénh
léch giira tong trén va tong dudi bang [9-11|=2



V&i mdi quan, ban c6 thé quay 180° dé phan trén trd thanh phan dudi, phan
dudi tro thanh phan trén, va khi d6 d¢ chénh léch c¢6 thé duge thay doi. Vi du
nhu ta quay quan Domino cudi ciing ciia hinh trén thi d6 chénh léch bang 0
Bai toan dit ra la: Can quay it nhat bao nhiéu quan Domino nhéat dé do
chénh 1éch giita phan trén va phan duéi 1 nhé nhat.
Dir liéu vao trong file: “DOMINO.INP” co dang:

Dong dau 1a sb nguyén duong N (1<N<20)

N dong sau, mdi dong hai s6 a;, b; 1a s6 dau cham & phan trén, s6 dau cham

& phan dudi ciia quan Domino th i (1< a;, b; <6)
Két qua ra file: “DOMINO.OUT” ¢6 dang: Gém 1 dong duy nhat chira 2 s6
nguyén cach nhau mat dau cach 1a do chénh léch nho nhit va sd quan
Domino can quay it nhat dé dugc do chénh léch do.

4.19. Cho mét ludi MxN (M, N<10) 6, mdi 6 dat mot bong dén bat hoic tat. Trén

4.20.

mdi dong va mdi cot c6 mot cong tic. Néu tac dong vao cong tic dong i
(i=1..M) hodc cong tic cot j (j=1..N) thi tat ca cic bong dén trén dong i hodc
cot j s& thay doi trang thai. Hay tim cach tac dong vao cac cong tic dé duoc
nhiéu dén sang nhét.

C6 16 dong xu xép thanh bang 4x4, mdi dong xu c6 thé up hodc ngira nhu
hinh v€ sau:

Mau den thé hién dong xu tp, mau trang thé hién dong xu ngira.

Tai mdi budce ta ¢ phép bién doi sau: Chon mot
dong xu va thay doi trang thai cua dong xu do va
tat ca cac dong xu nam & cac 6 chung canh (p
thanh ngura, ngtra thanh ap). Cho truéc mét trang
thai cac dong xu, hdy 1ap trinh tim sO phép bién
d6i it nhat dé dua vé trang thai tat ca cac dong xu
hoic déu ap hodc déu ngira.

Dit liéu vao trong file “COIN.INP” ¢6 dang: Gom 4 dong, méi dong 4 ki tur
'w' - mo0 ta trang thai ngura hodc 'b'- mo ta trang thai up.

Két qua ra file “COIN.OUT" c6 dang: Néu c6 thé bién doi dugc ghi s
phép bién doi it nhat néu khong ghi “Impossible”

COIN.INP | COIN.OUT COIN.INP | COIN.OUT

bwbw Impossible | bwwb 4

WWWW bbwb




4.21.

4.22.

4.23.

4.24.

4.25.

bbwb bwwb

bwwb bwww

Co N file chuong trinh véi dung lugng Sy, S,,...,S, va loai dia CD c6 dung
luong D. Hoi can it nhat bao nhiéu dia CD dé c6 thé copy du tat ca céc file
chwong trinh (mét file chuong trinh chi ndm trong mét dia CD).

a) Giai bai toan bang phuong phap nhanh can véi N<10.

b) Giai bai toan bang mot thuat toan tham an véi N<100.

Dt 1liéu vao Két qua ra

N=5, D=700 Can it nhit 2 dia CD
320, 100, 300, 560, 50| Pia 1: 320, 300, 50
bia 2: 100, 560

Chuong trinh giai bai toan 1ap lich giam thiéu tré han (¢ muc 3.4) c6 do
phirc tap O(N3), hdy cai tién ham check dé nhan duoc chuong trinh véi do
phtrc tap O(N?).

Cho mot xau S (d6 dai khong qua 200) chi gdm 3 loai ki tu ‘A’,’B’,'C’. Ta
c6 phép ddi chd hai ki tu bat ki trong x4u, hay tim cach bién d6i it budc nhat
dé dugc xau theo thir ty tang dan.

Dt 1liéu vao | K&t quad ra

="CBABA' Can it nh4t 2 phép bién dbi
CBABA - ABABC - AABBC

Cho N (N < 1000) doan s6 nguyén [a;, b;], hiy chon mét tip gom it s6
nhit ma mdi doan s6 nguyén trén déu c6 it nhat 2 s6 thudc tap.
(lail, 1b;] < 10)

Vi du: ¢6 5 doan [0,10],[2,3],[4,7],[3,5], [5,8], ta chon tap gom 4 sb

{27 37 55 7}
Cho phan s6 M/N (0<M<N, M,N nguyén). Hiy phan tich phan s nay thanh
tong cac phan sb co tir s bang 1, cang it s6 hang cang tot.
Dit liéu vao tir file “PS.IN” chira 2 s6 M, N
Két qua ra file “PS.OUT”
- Dong déu 1a s6 lugng so tach

- Cac dong sau moi dong chira mau so cua cac so hang



4.26.

4.27.

4.28.

Dt 1iéu vao | K&t qua ra

56 2
2 3

Cho mdt s tw nhién N. Hay tim cach phan tich sé N thanh cac s6 nguyén
duong py, p2,..,px (V61 k>1) sao cho:

- P1, P2,-- -» px 461 mot khac nhau

-pirtp2t...tpk=N )

- S=p; * p2* ... * px dat gia tri 16n nhat

Dir liéu vao trong file: “PT.INP” ¢6 dang: Gom nhiéu test, mdi dong 1a mot
test chira mot s6 N (5<N<1000)

Két qud ra file: “PT.OUT” ¢6 dang: Gom nhiéu dong, mdi dong 1a tich 1on
nhat dat dugc (sd S) cho test d6

D@ 1liéu vao

Két qud ra

5

6

7

12

Cho‘hai phép toan *2 (nhan véi 2) va /3 (chia nguyén cho 3).7 Cho trude s6
1, be“‘mg cach st dung hai phép todn trén ta xay dung dugc bicu thuc c6 gid
tri bang N.

Vidu N=6 thi 1*¥2*2*2%*2%*2/3/3*2=6 (thuc hién tur trai qua phai)

Dit liéu vao tir file “BT.INP” chira s6 N (N ¢c6 khong qua 100 chir sd)

Ghi két qua ra file “BT.OUT” biéu thirc ngan nhét c¢6 thé

100
0

Cho sb nguyén duong N (N<10'"), hdy tach N thanh tong it cac sb

Fibonacci nhét.
Vi du: N=16=1+5+13

4.29. Can phai t chirc viéc thuc hién N chuong trinh danh s6 tir 1 dén N trén mot

méy tinh. Mdi chuwong trinh thir i doi hoi thoi gian tinh 1a 1 gio, va néu n6
dugc hoan thanh trudce thoi diém d[i] (gia st thoi diém bat dau thyc hién cac
chuong trinh 13 0) thi ngudi chit may tinh s& duogc tra tién cong 1a w[i] (i =
1,2....,N). Viéc thyc hién mdi chuong trinh phai dugc tién hanh lién tuc tir
lic bat dau cho dén khi két thiic khong cho phép ngat quing, dong thoi tai
mdi thoi diém may chi c6 thé thuc hién mot chuong trinh).

Hay tim trinh ty thyuc hién cdc chwong trinh sao cho tong tién cong nhan
duoc 1a 16n nhat.



Dir liéu vao dwoc cho trong JOB.INP:

- Dong dau tién chira s6 N (N < 5000), ,

- Dong thir i trong N dong ti€p theo chira 2 s6 d[i], w[i] dugc ghi cach nhau
boi dau cach.

Két qua duwa ra file JOB.OUT:

- Dong d?}u tién chira tong tién cong nhan duoc theo trinh tu tim duoc.

- Dong ti€p theo ghi trinh tu thuc hién cac chuong trinh.

4.30. Tim K chit s cudi cing cia M~ (0<K < 9,0 <M, N < 10°)

Vi du: K=2, M=2, N=10, ta c6 2'°=1024, nhu vy 2 chir s6 cudi cung cia
2'%1a 24

4.31. Viét ham kiém tra tinh nguyén t6 ctia sé6 N (N < 10°) theo Fermat.
4.32. Lat gach

4.33.

Cho mot nén nha hinh vudng c6 kich thuéc 2% bi khuyét mot 6, hay tim
cach lat nén nha b?mg loai gach hinh thudc thg (tao bdi 3 hinh vudng
don vi).

nén nha (6 mau den la é khuyér) mpt cdch lit nén
Cho diy ay,a,, ..., a,, cic sb déi mot khac nhau va sb nguyén duong
k (1 < k < n). Hay dua ra gia tri nho th k trong day.
Viduy: day gdm 5 phan ti: 5, 7, 1, 3, 4 va k = 3 thi gi tri nho tha k 13 4.

4.34. Ddy con 16

Day s6 nguyén Al, Ay, = Ay duogc goi la 16, néu no6 giam dan tir A; dén
mot Aj nao do, roi tang dan tdi An.

Vidudiy16i: 10542 -146812

Yéu cau: Cho mot diy sd nguyér‘l, bang cach x6a bét mot sd phan tle cua
dﬁ},/ va gilt nguyén trinh tu cac phan tir con lai, ta nhan dugc day con 161 dai
nhat.



Dir liéu vao trong file: DS.INP
- Dong dau 1a N (N<=10000) , o
- Cac dong sau la N s0 nguyén cua day so (cac so kiéu longint)
Két qua ra file: DS.OUT
- Ghisd phén’ tur cua day con tim dugc
- Cac dong tiep theo ghi cac so thudc day con

4.35. Palindrome
Mot xau duge goi 1a xau d6i ximg néu doc tir trai qua phai ciing giéng nhu
doc tir phai qua trai. Vi du xau “madam” 1a mot xau doi xung. Bai toan dat
ra 1a cho mot xau S gém céc ki tu thudc tap ['a'..'z'], hdy tim cach chén vao
xau S it nhét cac ki tu dé xau S thanh xau dbi xing.
Vi du: x4u “adbhbca” ta s& chén thém 2 ki tur (c va d) dé duoc xau ddi xtng
“adcbhbeda”.
Dit liéu vao trong file PALIN.INP c¢6 dang: Gom mot dong chtra xau S. (d6
dai mdi xau khong vuot qua 200)
Két qua ghi ra file PALIN.OUT c6 dang: Gom mét dong 1a mot xau doi
xung sau khi di chén thém it ki ty nhat vao xau S.

Palin.inp | Palin.out

acbcd adcbcda

4.36. Stones
C6 N dbng soi xép thanh mot hang, ddng thir i c6 A; vién soi. Ta c6 thé
gl}ép hai dong so1 ké nhau thanh mot dong va mat mot chi phi bang tong hai
dong soi do.
Yéu céy: Hay tim cdch ghép N d6ng soi nay thanh mot dong voi chi phi la
nho nhat.
Vi du: C6 5 ddng soi

4 1 2 7 5

19
Phat=3+7+12+19=41
Dir liéu vao trong file “STONES.INP” c6 dang:



- Dong dau 14 s6 N (N < 101) 13 s6 dong soi

- Dong thtr 2 gom N s6 nguyén 1a s soi ciia N déng s6i. (0 < A;< 1001)

Két qua ra file “STONES.OUT” ¢6 dang: gdbm mot sb 1a chi phi nhé nhat dé
ghép N dong thanh m¢t dong.

STONES.INP | STONES.OUT

5 41
412705

4.37. Cit hinh 1
C6 mdt hinh chir nhat MxN 6, moi lén ta dugc phép C.’?l'[ mot hinh chﬁ: nhét
th;‘mh hai hinh chitr nhat con the,o chiéu ngang hoac chiéu doc va lai ti€p tuc
cat cac hinh chir nhét con cho dén khi dugc hinh vudng thi dung.
Hoi ¢6 thé cat hinh chit nhat MxN thanh it nhat bao nhiéu hinh vudng.
Dir liéu vao trong file HCN.INP:
Gom 1 sb dong, moi dong 1a 1 test 1a mot cédp s6 M, N (1<=M,N<=100)
Két qua ra file HCN.INP:
Gom 1 s6 dong 1a két qua tuong ung véi dit lidu vao

4.38. Ciit hinh 2
Cho mét bang s6 A gom M dong, N cdt, cic gia tri cia bang A chi 14 0
hodc 1. Ta muon cat bang A :chélnh cac hinh C‘hﬁ? nhat con sao ’cho cac hinh
cl}ﬁ nlvleflt con c6 gia tri toan bang 1 hay toan bang 0. Mt 1an cat 1a mdt nhat
cat thang theo dong hg)éC theo, cOt cua ’m(f)t hinh chir nhat thanh hai‘ hinh chir
nhat riéng biét. Cur tiép tuc cat cho dén khi hinh chit nhat toan bang 1 hay
toan bang 0. Hay tim céch cat dé duoc it }}inh chitr nhat nhat ma céc hinh chir
nhéat con cé gia tri toan bang 1 hay toan bang 0.

Vi du: Bang s6 5%5 sau duoc chia thanh 8 hinh chir nhat con.

0 1 0 0 1 0110 0]1
0 1 0 0 1 01 (0 0]1
1 1 0 0 1 I 10 0]1
I 1 1 0 0 I 1 (10 0O
0 0 1 0 0 0 0 (10 0

Dir liéu vao trong file HCN2.INP



4.39.

- Dong dau 14 2 s6 nguyén duong M, N (M,N<30)
- M dong tiép theo, mdi dong N s6 chi gdbm 0 hodc 1 thé hién bang sé A
Két qua ra file HCN2
Gom 1 dong duy nhat chira mot sé duy nhat 1a s hinh chit nhat it nhat
TKSEQ
Cho diy s6 A gom N sb nguyén va s nguyén K. Tim diy chi sb
1<11<1,<....<13k=<N sao cho:

S = (ai1 —a;, + aig) + (ai4 —a; + ai6)+..+(ai3K_2 — Qi , ai3K)
dat gia tri 16n nhat.
Dir liéu vao trong file “TKSEQ.INP” co dang:
- Dong dau la gém 256 nguyén N, K (0<3K<N<500)
- Dong 2 gébm N sb nguyén a, as,..., ay (|aj|<10”)
Két qua ra file “TKSEQ.OUT” ¢6 dang: gdbm mot s6 duy nhat S 16n nhét
tim duoc

TKSEQ.INP | TKSEQ.OUT

51 4
12345

4.40. Least-Squares Segmentation

T,a dinh nghia trong s6 ctia doan sb tir s6 & vi tri thir i dén vi tri thir j cta diy
s0 nguyén A[1], A[2], ..., A[N] la:

{;zi(A[k] — mean)? trong 46 mean = (Z{;ziA[k])/(j —i+1)
Yéu cdu: Cho diy s6 nguyén A gom N s6 A[1], A[2], ..., A[N] va s6 nguyén
duong G (1 <G*< N). Hay chia day A thanh dung G doan dé téng trong s6
la nho nhat.
Dir liéu vao trong file van ban “LSS.INP” c6 dang:
- Dong dau gdbm hai s6 N va G (1 < G* <N <1001)
- N dong tiép theo, mbi dong mot sb nguyén mé ta diy sb A (0<A[i]<10°)
Két qua ra file van ban “LSS.OUT” ¢6 dang: gém mot dong chira mot sb
thuc duy nhat 1a dap an ctia bai toan. (dua ra theo quy cach :0:2)

LSS.INP | LSS.OUT
5 2 0.50
3




o w W

4.41. Phén trang (Dé thi chon doi tuyén qudc gia 1999)
Vin ban 1a mot ddy gobm N tir danh sd tir 1 ‘dé'n N. Tur thtr i ¢6 do dai 1a w;
(i=1, 2,... N). Phan trang la mdt cach xép lan lugrt cac tir cua van ban vao
day cac dong, moi dong co6 do dai L, sao cho t6ng do dai cua céc tu trén
cung mot dong khong vuot qua L. Ta goi hé s6 phat ciia mdi dong trong
cach phan trang 13 hiéu sé (L-S), trong d6 S 1a tong do dai cua cac tu xép
trén ’dong d6. Hé sb phat ctia cach phan trang 14 gid tri 16n nhat trong s cac
hé so phat cta cac dong.
Yéu cdu: Tim cach phan trang v6i hé sd phat nho nhat.
Dir liéu vao twr tép van ban PTRANG.INP
- Dong 1 chira 2 s6 nguyén dwong N, L (N<=4000, L<=70)
- Dong thir i trong s6 N dong tiép theo chira s6 nguyén dwong w; (w;<=L),
i=1,2,..,N
Két qua ghi ra file van ban PTRANG.OUT
- Dong 1 ghi 2 s6 P, Q theo th ty 12 hé s6 phat va sé dong theo cach phan
trang tim duoc
- Dong thir i trong s6 Q dong tiép theo ghi chi sd cua cac tir trong dong thir i
cta cach phan trang.

4.42. Chon sé
Chor mang A c¢6 kich thudc NX‘N gér,n céc, s0 nguyén khong am. Hay ghon ra
K s0 sao cho modi dong c¢6 nhiéu nhat 1 s6 dugc chon, modi ¢dt c6 nhi€u nhat
1 s0 dugc chon dé tong K so 1a 16n nhat.
Dir liéu vao twr tép van ban SELECT.INP
- Dong thir nhat gdm 2s6 Nva K (K < N < 15)
- N dong sau, mdi dong N sé nguyén khéng 4m A;; <10000
Két qua ghi ra file van ban SELECT.OUT

Téng 16n nhat chon dugc va sé cach chon (cach nhau ding mot dau cach)



Select.inp | Select.out
32 6 3

123

2 31

312

4.43. Puzzle of numbers

Khi mot s phan chﬁ’sé trong dang thtrc dang (Eﬁa tong hai sd nguyén bi mét
(duoc thay bfyi cac c}éu sao “*’:). Co6 mot cau do 1a: Hay thay cac dau sao boi
cac chir s6 dé cho dang thic van ding.
Vi du bat dau tir dang thire sau:

9334

789

10123 (9334+789=10123)

Céc vi du céc chir sO bi mat dugc thay bang cac dau sao nhu sau:

78* koksk

Nhiém vu cua ban 1a viét chuong trinh thay céc déu sao thanh cac chir s6 dé
dugc mot dang thirc ding. Néu ¢ nhiéu 10i giai thi dwa ra mot trong sb do.
Néu khong c6 thi dua ra thong bao: “No Selution”.

Chii y cdc chit s6 ¢ dau méi sé phdi khéc 0.

Dit liéu vao trong file “REBUSS.INP”: gom 3 dong, mdi dong 1a mot xau ki
tu gom céac chit s hodc ki tu “*” . PO dai mdi xau khong qua 50 ki tu.
Dong 1, dong 2 thé hién 14 hai s6 duoc cong, dong 3 thé hién 1a tong hai sb.
Két qud ra file “REBUSS.OUT”: Néu c6 10i giai thi file két qua gom 3
dong tuong tng véi file dir liéu vao, néu khong thi thong bao “No Solution”

REBUSS.INP | REBUSS.OUT

*3%4 9334
8% 789
10123 10123




4.44. Xép lich giing
Mot gido vién can giang n van dé& duogc danh sb tir 1 dén n (n < 10000).
MObi mot van dé i can c6 thoi gian 1a t; (i = 1..n). Pé giang n van dé d6
thi gido vién co cac budi di duoc phan c6 d6 dai la L (L < 500).
e MOt van d¢ thi phai giai quyét trong mot budi .
e Vén dé i phai dugc giang trudc vani + 1 voimoii = 1..(n—1).
Hoc sinh c6 thé ra vé som néu nhu budi giang da két thiic, tuy nhién néu
thoi gian ra vé d6 qua sém so véi buodi giang thi that 1a phi. Chinh vi thé
ngudi ta danh gia budi 1én 16p bang gia tri DI nhu sau :

0 nut=0

DI={—-C nul<t<10
(t—10)% nut>10

Trong d6 t 14 thoi gian thira ciia budi 1én 16p d6, € 1a mot hang sb .

Yéu cau: Hiy xép lich day sao cho tong sd cac budi 1a can it nhat co thé
duogc. Trong céc lich day it nhat do, hay tim lich day sao cho téng s6 DI 1a
nho nhét c6 thé duoc.

Dir liéu vao tw file SCHEDULING.INP

- Dong dau 13 s n (s6 van dé can giang) .

- Dong tiép theo 1a L va C

- Dong cubi cung 1a N sb thé hién cho t;, t,, ..., t, .
Két qua ra file SCHEDULING.OUT

- Dong dau tién 1a s6 buodi .

- Dong tiép theo 1a tong DI nho nhét dat duoc .

SCHEDULING. INP SCHEDULING.OUT
10 6
120 10 2700

80 80 10 50 30 20 40 30 120 100

4.45. Khu vwon (101 2008)
Ramsesses II thing tran tré' vé. Dé ghi nhan chién tich ctia minh ong quyét
dinh xay mot khu vuon trang 1€. Khu vuon phai c6 mot hang cay chay dai tir
cung dién cua Ong tai Luxor tdi thanh duong Karnak. Hang cdy nay chi
chira hai loai cdy 1a sen va céi gidy, boi vi ching twong Gmg 13 biéu tugng
clia mién Thugong Ai Cép va Ha Ai Cap.




Vuon phéi c6 diung N cay. Ngoai ra, Phéi co su cép bang: & moi doan cay
lién tiép cta vuon, sO lugng sen va s6 lugng co1 giay phai khong 1éch nhau
qua 2.
Vuon cay dugc l?iéu dién dudi dang xau géc ki tu 'L' (lotus — sen) Va‘} 'P'
(papyrus — cdi giay). Vi dy, voi N =5 c6 tat ca 14 vudon dam bao cin bang.
Theo thu tu tir dién, cac vuon d6 la: LLPLP, LLPPL, LPLLP, LPLPL,
LPLPP, LPPLL, LPPLP, PLLPL, PLLPP, PLPLL, PLPLP, PLPPL, PPLLP
va PPLPL.
Cac Yuén can bang Vc’ri’dé dai xac dinh cho trudc duge sip )}é'p theo tha tu
tur dién va dugc danh s6 tur 1 tré di. Vi du, véi N=5, vuon so 12 s 1a vuon
PLPPL.
NHIEM VU
Cho s6 cay N va xau biéu dién mot vuon can bé“l,ng, hay lap trinh tinh s6 thi
tu ciia vuon nay theo modun M, trong dé M 1a s6 nguyén cho trudc.
Luu y rang gia tri ctia M khong dong vai trd quan trong trong viéc giai bai
toan, no chi lam cho viéc tinh todn tré nén don gian.
HAN CHE

1 <=N<=1000 000

7 <=M <=10 000 000
CHAM PIEM

C6 40 diém danh cho céc dir liéu vao v4i N khong vuot qua 40.
INPUT
Chuong trinh cua ban phai doc tir file “GARDEN.INP” céc dir li¢u sau:

o Dong 1 chira s6 nguyén N, s ciy trong vuon,

o Dong 2 chira s6 nguyén M,

o Dong 3 chira xau gdm N ki ty 'L' (sen) hodc 'P' (coi gidy) bicu dién
vuon can bang.

OUTPUT

Chuong trinh cua ban phai ghi ra file “GARDEN.OUT” mét dong chura mot
s6 nguyén trong pham vi tir 0 dén M-1, 13 s6 tht ty ty theo mdédun M cia
vuon duge mo ta trong dau vao.

Input vi | Output wvi|Gidi thich
du 1 du 1




5 5 $6 tht tu cua PLPPL 1la 12. Nhu vay
7 output la 12 theo médun 7, tuc 1la

PLPPL 2

Input vi du 2| Output vi du 2

12 39
10000
LPLLPLPPLPLL

4.46. S6 ro rang
Bom méi tim duoc mot tai liéu dinh nghia s6 rd rang nhu sau: Voi sb
nguyén duong n, ta tao sé méi bang cach ldy tong binh phuong cac chir s6
clia no, véi s6 méi nay ta lai 1dp lai cong viéc trén. Néu trong qué trinh do,
ta nhan duoc sb méi 1a 1, thi s6 n ban dau duoc goi la s6 13 rang. Vi dy, voi
n=19, ta co:
19 - 82 (=12+9%) = 68 = 100 — 1
Nhu vy, 19 13 s6 rd rang.
Khong phai moi s6 déu 1o rang. Vi du, véin =12, ta co:
1252252202 852802145242-2202>4-> 163758~
89 = 145
Bom rét thich tha véi dinh nghia sé rd rang nay va thach d6 phu 6ng: Cho
mot s6 nguyén duong n, tim sd S(n) 1a s rd rang lién sau s6 n, tic 1a S(n)
1a s6 16 rang nho nhét 16n hon n. Tuy nhién, cau hoi d6 qua dé véi phii ong
va phu éng da d6 lai Bom: Cho hai s6 nguyén dwong n va k (1 < n,k <
10%5), hay tim s6 S¥(n) = S(S(...S(M))) la s6 ré rang lién sau thir k
cuan.
Ban hiy giup Bom gidi ciu d6 nay nhé!
Dir liéu vao tir file van ban CLEAR.INP ¢6 dang:
- Dongdaulasot (0 <t <20)
-t dong sau, moi dong chira 2 s0 nguyén n va k.
Két qua ra file van ban CLEAR.OUT gbém t dong, mdi dong 1a két qua
tuong ung vaéi dit li¢u vao.



CLEAR.INP CLEAR.OUT
2 19

18 1 1000000000
1 145674807

4.47. Hdi nim

Bé Bong di hai ndm trong N khu rimg danh s6 tir 1 dén N, nhung chi c6 M

khu rimg c6 nam. Viéc di chuyén tir khu rimg thir i sang khu rimg thi j ton

t; don vi thoi gian. Pén khu rimg i c6 nam, c6 bé c6 thé dimg lai dé hai

nam. Néu tong sd don vi thoi gian cd bé dung lai & khu rimg thir i 1a d;

(d>0), thi c6 bé hai duoc: [%] + [%] +. .+ [% cay nam tai khu rung do

(trong d6 S; 1a s6 lugng ndm c6 tai khu rimg i, [x] 12 phan nguyén cia x).

Gia thiét rang ban dau c6 bé & khu rimg thir nhéat va di hai nam trong thoi

gian khong qua P don vi.

Yéu cdu: Hay tinh s lugng cdy nam nhiéu nhat ma c6 bé c6 thé hai dugc.

Dir liéu vao tu file van ban MUSHROOM_.INP:

e Dong dau tién chira ba s6 nguyén duong M (M < 10), N (0<M< N <
100) va P (P < 10000);

e M dong tiép theo, moi dong chira 2 s6 nguyén dwong r va S, nghia la
khu rimg r ¢6 S, ndm (S, < 109)

e Dong thtr i trong N dong cubi cing chira N sé nguyén duong ti (t; <
10000), (i, j=1, ..., N).

Két qud ghi ra file van bain MUSHROOM.OUT: sb lugng cdy nim nhiéu

nhét bé Bong co thé hai duoc.

MUSHROOM. INP | MUSHROOM. OUT

2 2 2 3
15
2 10
03
30
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