Trwong THPT chuyén Nguyén Chi Thanh

. CHUYEN PE MON TINHQC
PUONG PI NGAN NHAT TREN DO THI

Trong cac bai toan vé Tim duong di nhu duong di Euler, duong di Hamltion thi bai toan
Tim dudng di ngin nhit giira cac cip dinh trong dd thi c6 nhiéu tng dung trong thuc té cling
nhu trong cac ky thi chon hoc sinh gidi hing nim. Bai toan Tim dudng di ngdn nhat co rat
nhiéu thuat toan dé giai bai toan nay, tuy nhién c6 3 thuét todn quen thudc trong chuwong trinh
chuyén Tin: Thuat toan Floyd (Khoang cach moi cap dinh), thuét toan Ford-Bellman (Khoang
cach tir mot dinh dén cac dinh con lai), thuat toan Dijkstra (khoang cach tir mot dinh dén cac
dinh con lai). Vi thot gian, kién thire va kinh nghiém c6 han 61 chi nghién ctru thuat toan
Dijkstra (1959) Tim duong di ngan nhét gitta hai cip dinh trong d6 thi, duoc bién tap va tong
hop tir nhiéu ngudn tai lidu.

I. GIOI THIEU BAI TOAN

Bai toan: Cho G=(V, E) 1a don dd thi gdm n dinh va m canh, trong sd trén cac canh
khong &m. Yéu cau tim duong di ngan nhat tir dinh xuat phat s € V dén dinh dicht € V.

- Trong trudong hop do thi khong co trong s6 thi thuat toan BFS dé tim duong di ngin
nhat cho ta thoi gian tuyén tinh O(n+m). Néu do thi day thuat toan Dijkstra biéu dién dd thi
bang ma tran ké thi thoi gian thyc hién thuat toan O(n?), néu do thi thua thi thuat toan Dijkstra
biéu dién do thi bang danh sach ké két hop véi Heap nhi phan thi thoi gian thuc hién thuat
toan la O((n+m)logn), Dijkstra véi Fibonacii Heap thi thoi gian thuc hién thuat toan la
O(nlogn+m). Dijkstra vé6i Fibonacii c¢6 thoi gian tiém can kha tot tuy nhién it duoc dung vi
cai dat phirc tap va tim an nhiéu suy bién voi cac bo dir liéu 16n. Trong thuét toan Dijkstra
Heap nhi phan ta co thé cai tién két hop vé Heap tam phan, t phan, ...Y tudng dung heap k
phan (k= m div n) dugc Johson dé xuat nim 1977 ta thu duoc thoi gian thuc hién thuat toan
O(mlogkn), véi dd thi thua thi thoi gian 1a O(nlogn), véi dd thi day thi thoi gian 1a O(m) (theo
chi muc tai liéu tham khao [5] va [6]).

- Thuat toan Dijkstra dya trén nguyén i t6i wu ctia Bellman (1953): "P 1a duong di
ngan nhat tir s dén t (s <>t ), k 1a mét dinh trén P thi sk+kt ciing 1a duong di ngan nhat".

V61 muc dich bién soan tai li€u di tir co ban dén mo rdng, cadc chuong trinh sau day toi
xin trinh bay va lga chon phuong an cai dét sao cho don gian, dé hi€éu nham néu bat dugc ban
chat cua thuat toan.

Il. THUAT TOAN DIJKSTRA:

- Y twdng: Tim duong di tir s dén t, néu di tir dinh s dén dinh Kk va tir dinh K dén dinh t
ngan hon dudng di tir dinh s dén dinh t thi ta chon dudng di qua dinh trung gian k. Trong céc
dinh trung gian thi chon dinh trung gian c6 nhan bé nhat va ddnh déu dinh nay dé lan sau
khong chon nira.
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Véidinh t € V, ta goi D[t] 1a d6 dai dudng di ngin nhét tir dinh s dén dinh t, thuat toan
dung ki thuat danh dau, néu dinh c6 gia tri False (dinh tu do) 1a dinh c6 thé t6i wu, co gia tri
True (dinh cb dinh) 1 dinh khong thé t6i wu, néu sau khi thuc thi thut toan nhin dinh t duoc
cb dinh thi ta c6 dudng di ngdn nhét tir s t6i t, nguoc lai khong c6 dudng di tir dinh s dén dinh
dén dinh t.

- Cu tric dir liéu thuat toan Dijkstra co dién:

+ Mang hai chiéu A: Biéu dién d6 thi (biéu dién db thi bang ma tran ké)
+ Mang mot chiéu Ch: Panh diu dinh tu do hay dinh cd dinh.

+ Mang mét chiéu D: Mang khoang cach.

+ Mang mot chiéu Tr: Luu vét duong di.

1. THUAT TOAN DIJKSTRA CO PIEN:

Budc 1: Khéi tao
- Khoi tri mang khoang cach D[s]=0, D[i]=+ « (Vi#s; i=1..n).
- Khéi tri mang danh diu Chl[i]=False (Vi=1..n).
Budc 2: Lap
Budc lap gdm hai thao tac:
B2.1. C6 dinh nhén: Tim dinh u 1 nhin ty do c6 D[u] nho nhat va ¢ dinh dinh u.

B2.2. Stra nhan: Dung dinh u tim duogc dé xét tat ca cac dinh v tu do ké u va sira lai cac
nhan DJ[v] theo cong thirc sau:

D[v]= min (D[v], D[u]+A[u,v])
Luu vét duong di Tr[v]=u;
Budc lip s& két thuc khi dinh t (dinh dich) da duoc c¢b dinh nhén.

Buwéc 3: Két hop voi luu vét dudng di trén timg budc sira nhén, thong bao "d6 dai", duong di
ngan nhat tim dugc hoac cho biét khong ton tai duong di (D[t]=+ ).

Ma Pascal tham khao:

Procedure DTra (s, t: longint);
Var i,j, u, v, min: longint;
Begin

//Bl, Khoi tao

For i:=1 To n Do

Begin
D[i] :=MaxInt;
Ch[i]:=False;
End;
D[s]:=0;
//B2. Lap )
For i:=1 To n Do // cé thé dung Repeat ..Until
Begin

//B2.1 Tim dinh u tu do co D[u] nho nhat
Min:=MaxInt;
For j:=1 To n Do
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If (D[J]< Min) And (Ch[j]-False) Then

Begin
Min:=D[]j];
u:=j;

End;

Ch{u] :=True; // if u=0 Then Break;
If u = t Then Exit;
// B2.2 Sua nhan;
For v:=1 To n Do
If (ch[v]=False) And (a[u,v]<>0) And (D[v]> D[u]+A[u,v]) Then
Begin
D[v]:=D[ul+A[u,vVv];
Tr([v]:=u;
End;
End;
End;

Truy vét dwong di tir dinh s dén dinh t: Dya vao mang luu vét Tr ta truy vét nguoc tir dinh t
ve dinh s va dua vao ngan xép P ma Pascal nhu sau:

Procedure TruyVet;
Var top, k: LongInt;
P: arrayl[l..nmax] of LonglInt;
Begin
If D[t]=MaxInt Then Write (0)
Else
Begin
k:=t; top:=0;
While k<>0 Do
Begin
top:=top+l;
P[top] :=k;
k:=Tr[k];
End;
Writeln(D[t]);
For k:=top DownTo 1 Do Write(P[k],' '");
End;
End;

- B¢ tim duong di dai nhat tir dinh s dén dinh t ta chi can doi du ma trin bicu dién do
thi thi duong di dai nhat tir dinh s dén dinh t 12 ABS(DIt]). ,

- Thuat toan Dijkstra c6 thé ap dung cho da d6 thi c6 hudng hay vo hudng c6 trong s
khong am.

Bai 1: ONG NGAU BA NGAU

Hin cac ban di biét ngay "6ng Ngau ba Ngau" hang nim, d6 13 mot ngay day mua va nudc
mat. Tuy nhién, mot ngdy truée d6, nha Trdi cho phép 2 "6ng ba" duoc doan tu. Trong vil tru
vung thién ha noi 6ng Ngau ba Ngau ngy tri c6 n hanh tinh danh s6 tir 1 dén n, 6ng ¢ hanh tinh
Adam (c6 sb hiéu la s) va ba ¢ hanh tinh Eva (c6 s6 hiéu 1a ). Ho can tim dén gdp nhau. n
hanh tinh dugc ndi véi nhau boi mot hé thong cau vong, hai hanh tinh bat ky chi co thé khong
c¢6 hodc duy nhat mot cAu vong (hai chiéu) ndi giita chung. Ho ludn di téi muc tiéu theo con
dudng ngan nhat. Ho di véi toc d6 khong doi va nhanh hon toc do anh sang. Piém gip mit cua
ho chi ¢ thé 1a tai m¢t hanh tinh thir 3 nao d6.
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Yéu cau: Hiy tim mo6t hanh tinh sao cho 6ng Ngau va ba Ngau cung dén d6 mot lac va thoi
gian dén la sém nhat. Bict rang, hai nguudi c6 thé cung di qua mdt hanh tinh néu nhu ho dén
hanh tinh d6 vao nhirng thoi diém khac nhau.
Dir liéu vao: Trong tép vin ban OBNGAU.INP gom:
- Dong thir nhat1a 4 sén, m, s, t (2<n<103 1 <s#t<n), m1asd cau vong (m < 10%).
- Tiép theo 1a m dong, mdi dong gdm ba sb i, j, 1 thé hién c6 cAu vong ndi giita hai hanh
tinhi,jcododailal (1 <i#j<n,0<1<200).

Két qua: Ghi ra file van ban OBNGAU.OUT, do tinh chit cau Véng, mdi ndm mot khac, nén
néu nhu khong ton tai hanh tinh nao thod man yéu cau thi ghi ra mgt dong chir CRY. Néu cé
nhi€u hanh tinh thod man thi ghi ra hanh tinh c6 chi s6 nho nhat.

Vi du:

OBNGAU.INP OBNGAU.OUT
4414 2
121
241
132
342

Tu twéng thuit toan: Chiing ta cé mét s6 nhdn xét sau:

+ Hai hanh tinh bat ki chi duoc nbi dén nhau boi nhiéu nhat mot ciu vong.

+ Ong Ngau va ba Ngau ludn di téi myc tiéu theo con duong ngan nhat.

+ Ho di voi van toc khong d6i va nhanh hon van tdc 4nh sang.

Thyc chat ddy 1a mot bai toan don do thi vo huéng, ¢6 sb dinh 1a n (s hanh tinh), sb
canh 1a m (s0 cau vong).

+ Tur hanh tinh s (noi 6ng Ngéu 0) ta xdy dung mang khoang cach SD. Trong d6 SD[i]
la duong di ngan nhat tir hanh tinh s dén hanh tinh i (do 6ng Ngéu luén di t61 muc tiéu theo
con duong ngan nhat).

~ + Tuong ty ta s& xAy dyng bang TD, trong d6 TDJ[i] la duong di ngén nhét tir hanh tinh
t dén hanh tinh i.

Do yéu cau cta bai todn 1 tim hanh tinh khac S va T ma 2 6ng ba Ngau cung dén mot
lic va trong thoi gian nhanh nhat. Ttc la ta tim hanh tinh h sao cho (h khac S va T) va SD[h] =
TD[h] dat gia tri nhé nhat khac 0. Néu khong c¢6 hanh tinh h nao thoa man thi thong bao CRY

V6i rang bude dir liéu da cho du nho dé ap dung thuft toan Dijkstra co dién dé tim
duong di ngan nhat gitta 1 dinh dén cac dinh cua do thi. Bai giai sau day ap dung hoan toan
giong thuat toan Dijkstra da trinh bay & muc 2.1:

Program ongbangau;

const fi='OBNGAU.INP';
fo="OBNGAN.OUT';
nmax=Trunc (1e3) ;

Var a: array[l..nmax, 1l..nmax] of longint;
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d, SD, TD:
ch: array[l..nmax]
n, m, u, v, s, t,

f: text;

array[l..nmax] of longint;
of Boolean;
res: longint;

Procedure doc;
Var i,x, vy, z:
Begin
assign(f, fi); reset(f);
read(f, n, m, s, t);
for i:=1 to m do
begin
read(f, x,
alx,yl:=z;
aly,x]:=z;
end;
close (f);

longint;

Y

end;
Procedure Dtra(s:
Var i,j, u, v, min:
Begin
For i:=1 To n Do
Begin
D[1] :=MaxInt;
Ch[i] :=False;
End;

longint) ;
longint;

D[s]:=0;
For i:=1
Begin

To n Do

Min
For

:=MaxInt;
j:=1 To n Do
If (D[j]< Min)
Begin
Min:=D[]];
u:=j;

And

End;

Ch[u] :=True;
For v:=1 To n Do
If (ch[v]=false)

D[(v]:=D[ul+A[u,vVv];
End;
End;
Procedure
Var mmin,
Begin

TryVet;
k: LongInt;

mmin:=MaxInt;

For k:=1 to n do
If (SD[k]=TD[k])
Begin
MMin:=SD[k];
Res:=k;
End;

and (SD[k] <> 0)

(Ch[jl=False)

and (a[u,v]<>0) And

And

Then

(SD[k]< MMin)

(d[v]>d[ul+alu,Vv])

then

Then
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End;

Begin
Doc;
DTra(s) ;
SD:=D;
DTra (t) ;
TD:=D;
TryVet;
Assign (f, fo); Rewrite(f);
If res=0 Then Write(f, 'CRY') Else Write(f, res);
close (f);
End.

Bai 2: POI BAN

Trude kia Tuan va Mai 13 hai ban ciing 16p con bay gid hai ban hoc khac trudng nhau. Ctr mdi
sang, dung 6 gid ca hai déu di tir nha toi trudng clia minh theo con duwong mat it thoi gian nhat
(c6 thé ¢ nhiéu con dudng di mat thoi gian bang nhau va déu it nhat). Nhung hom nay, hai
ban mudn gip nhau dé ban viéc hop 16p cii nhan ngay 20-11.

Cho biét so dd giao thong cua thanh phé gém N nut giao thong dugc danh sé tir 1 dén N va M
tuyén duong phd (m01 duong phd ndi 2 nat giao thong). Vi tri nha cua Mai va Tuén ciing nhu
truong cua hai ban déu nam o cac nit giao thong. Can xac dinh xem Mai va Tuan c6 cach nao
di thoa man yéu cau néu & trén, déng thoi ho lai c6 thé gip nhau & nit giao thong nao do6 trén
con dudng téi trudng hay khong? (Ta néi Tuan va Mai co thé gip nhau tai mot nut giao thong
nao d6 néu ho dén nat giao thong nay tai cing mot thoi diém). Néu c6 nhiéu phuong an thi hay
chi ra phuong an dé Mai va Tuin gip nhau sém nhét.

Dir liéu: vao tu file van ban FRIEND.INP
- Dong dau tién chira 2 sé nguyén duong N, M (1 < N < 100);

- Dong tiép theo chira 4 s6 nguyén duong Ha, Sa, Hb, Sb 1an luot 1a s6 hiéu cac nat giao
thong tuong tng v6i: Nha Tuin, trudng cua Tudn, nha Mai, trudng ciia Mai.

- Dong thir i trong s6 M dong tiép theo chira 3 s6 nguyén duong A, B, T. Trong d6 A va
B 1a hai dau cta tuyén duong phé i. Con T 1a thoi gian (tinh bang gidy < 1000) can thiét
dé Tuan (hodc Mai) di tor A dén B cling nhu tir B dén A.

Gia thiét 1a so d6 giao thong trong thanh phd dam bao dé co thé di tir mot nit giao thong bat ky
dén tat ca cac nut con lai.

Két qua : ghi ra file van ban FRIEND.OUT

- Dong 1: Ghi tr YES hay NO tuy theo c6 phuong an gitp cho hai ban gap nhau hay
khong. Trong truong hgp cé phuong an:

- Dong 2: Ghi thoi gian it nhat dé Tuan toi truong

- Dong 3: Ghi cac nit giao thong theo thir tw Tuan di qua
- Dong 4: Ghi thoi gian it nhat dé Mai t6i truong

- Dong 5: Ghi cac nuat giao thong theo thir tw Mai di qua

- DOng 6: Ghi sb hiéu niit giao thong ma hai ban gap nhau
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Dong 7: Thoi gian sém nhét tinh bang gidy ké tir 6 gior sang ma hai ban c6 thé gip nhau.

Vidu : Véiso dd giao thong sau: (N=6,M=7, Ha=1, Sa=6, Hb=2, Sb=5)

Dong | FRIEND.INP | FRIEND.OUT
1 67 YES

2 1625 25

3 1310 146

4 1410 30

5 235 2345

6 345 4

7 3615 10

8 4520

9 4615

Tw twédng thuat toan: Sir dung thuét toan Dijkstra, xay dung thu tyc: DTra(s:integer,

var d: mang khoang cach); dé xay dung mang d cho duong di ngan nhat tir diém xuét phat s
dén moi dinh (c6 thé t6i). Sau d6 goi thi tuc nay 4 1an bang cac 15i goi:

- DTra(ha,d1); s& duoc d1 cho biét cac dudng di ngin nhét xuat phat tir nha Tuan

- DTra(sa,d2); s& duoc d2 cho biét cac dudng di ngin nhét xuét phat tir nha Mai

- DTra(hb,d3); s& dugc d3 cho biét cac dudng di ngan nhat xuat phat tir truong Tuan
- DTra(sb,d4); s& dugc d4 cho biét cac dudng di ngan nhat xuat phat tir truong Mai

Diém hen 1a nat u can théa man cac di€u kién sau:

Mai}

d1[u] + d3[u]=d1[sa] {thoi gian Tuan di tir nha t6i diém hen + Tuln}
d2[u] + d4[u] = d2[sb] {thoi gian Mai di tir nha téi diém hen + tir diém hen t6i trudng

d1[u] = d2[u] {thoi gian di tir nha t&i diém hen cua Tudn va Mai bang nhau}
d1[u] nho nhét {thoi gian Tuan di tir nha téi diém hen sém nhét}
Pé ghi két qua vao file FRIENDS. OUT, can goi thu tuc DTra mot 1an nita: DTra(u,d);

s& dugc mang D(n) cho biét nhian dudng di ngan nhét.

Bai 3: TAI TRONG TUYEN PUONG (Bé thi Olympia 30/4/2016 - Tin 10)

Mot hé thdng giao thong lién thong g(f)m n thanh phé dugc danh 5O tu 1 dén n. Hé thdng giao
giao thong c6 m doan duodng hai chiéu noi gitra cac thanh pho. Moi doan dudng c6 mot tai
trong t0i da ma chi c6 cac xe vai tai trong khong 16n hon mai luu thong duge.

Yéu ciu: Cho trudc tai trong ctia cac doan duong trong hé thong giao théng. Hiy tim mot
hanh trinh ttr thanh phé s dén thanh phd t sao cho tai trong cho phép cua cac xe luu thong trén
hanh trinh d6 1a 16n nhat c6 thé duoc.

Dir liéu vao: Cho tir tép vin ban TAITRONG.INP gom:

e Dong thtr nhét ghi 4 sé nguyénn, m, s, t(2<n<10% 1 <m<10% 1<s, t<n:s#t)
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e Tiép theo 1a m dong, mdi dong ghi ba s nguyén duong X, y, z véi ¥ nghia c6 doan
duong di giita thanh phd x va thanh phd y vdi tai trong t6i da cho phép la z (1 <z
<10%).

Céc sb ghi trén cung mot dong cach nhau it nhat mot ki t tring.

Két qua: Ghi vao tép vin ban TAITRONG.OUT chi médt dong ghi s nguyén 14 tai trong 16n
nhat can tim.

Vi du:

TAITRONG.INP TAITRONG.OUT
4514 3
1210
241
135
343
142

Rang bude: 50% s test ing véi 50% sd diém cua bai ¢6 2 < n < 100.

Tw twong thuit toan: Xay dung don d6 thi gdm n dinh, m canh. M6i dinh 1a mdgt thanh
pho Hai dinh x, y c6 canh ndi néu giita chiing c6 doan duong véi trong s6 a[x,y]=aly,x]=z.
Ap dung tu tuong thuat toan Dijkstra. Goi D[i] 1a tai trong 1on nhat cua xe tir s dén i thi D[t] 1a
tai trong 16n nhat cuia xe can tim.

- Ta can tim tai trong 16n nhat cia tuyén duong do d6 budce khoi tao: D[i]=0, véi i=1..n;
D[s]=Vo cuc;

- Lap: Tai mdi budce ta tim dinh u tu do c6 nhan D[u] 16n nhét, ¢b dinh dinh u va cap
nhat d[v] = Max(d[v] , min(d[u], a[u,v])), v6i moi v la dinh ké u.

Cho dén khi u=t;

const fi='TAITRONG.INP';
fo="TAITRONG.OUT';
const nmax=1001;

Var A:array[l..nmax, 1.. nmax] of LongInt;
D: array[l..nmax] of LongInt;
Ch: arrayl[l..nmax] of Boolean;
K, N, M, S, T, U, V: Longlnt;
F: text;

Procedure doc;
Var i, x, y, z: LonglInt;

Begin
assign(f, fi); reset(f);
read(f, n, m, s, t);
for i:=1 to m do

Begin
readln(f, x, vy, z);
alx,yl:=z;
aly,x]:=z;

end;
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close (f);
end;
Function Min( x, y: LongInt): LongInt;
Begin
min:=x;
if x> y then min:=y;
end;

Procedure DTra (s: LonglInt);
Var i, Jj, max: LongInt;

Begin
For i:=1 To n Do D[i]:=0;
D[s] :=MaxLongInt;
For k:=1 to n do
Begin
Max:=0;
For i:=1 to n do
if (D[i]>Max) and (ch[i]=false) Then
Begin
max:=d[1];
u:=i;
end;
Chlu] :=True;
For v:=1 to n do
if (d{v]<min(d[u], alu,v])) and (a[u,v]<>0) and (ch[v]=false) then
d[v]:=Min(d[ul,alu,Vv]);
if u=t then exit;
end;
end;

BEGIN
Doc;
Dtra(s);
Assign(f, fo); rewrite(f);
Writeln(f, D[t]);
Close (f);
END.

Bai 4: HUONG DAN VIEN DU LICH

Ong G. 1a mot hudng dan vién du lich. Cong viée ciia dng ta 1a huéng dan mot vai “tua” du
lich tir thanh phd nay dén thanh phd khéc. Trén céc thanh
phé nay, c6 mdt vai con dudng hai chiéu dugc nbi giira
ching. Mdi cip thanh phé cé duong két ndi déu co dich vu
xe buyt chi chay gitra hai thanh phé nay va chay theo
duong nbi truc tiép gitra ching. M&i dich vu xe buyt déu co
mot gigi han 16n nhat luong khach ma xe buyt co thé tre
duge. Ong G c6 mot tam ban do chi cac thanh phd va
nhirng con dudng ndi gitra chung. Ngoai ra, 6ng ta clng co
thong tin vé moi dich vy xe buyt gitra cac thanh phé. Ong
hiéu rang 6ng khong thé dua tat ca cac khach du lich dén
thanh ph6 tham quan trong cing mot chuyén di. Lay vi du:
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V& ban do gom 7 thanh phéd, mdi canh duoc ndi giira cac thanh pho biéu thi nhiing con dudng
va cac s viét trén mdi canh cho biét cho biét giéi han 16n nhat hanh khach cua dich vu xe
buyt chay trén tuyén duong do.

Bay gio, n‘éu ong G mudn dua 99 khach du lich tir thanh phd 1 dén thanh phd 7. Ong ta s&
phai yéu cau it nhat 1a 5 chuyén di, va 10 trinh 6ngtanéndilal -2 -4 -7.

Nhung, Ong G. nhén thiy 13 that khé dé tim ra tat ca 16 trinh t6t nhat dé sao cho 6ng ta c6 thé
dua tat ca khach du lich dén thanh ph6 tham quan véi s6 chuyén di 1a nhé nhat. Do vdy ma
ong ta can su trg gidp cua cac ban.

Dir liéu: Vao tu file Tourist.inp

~ -Dong dau tién chtra hai s6 nguyén N (2 <N < 1000) va R md ta 1an luot sé thanh
pho va s6 duong di giira cac thanh pho (1< R <10000).

- R dong tiép theo, mf)i dong chira 3 s6 nguyén: C1, C2, P. Cl, C2 m6 ta 19 trinh
duodng di tur thanh phd Cl dén thanh pho C2 va P la gidi han c6 thé phuc vu cia dich vu xe
buyt gitra hai thanh pho (1< P <1000).

- Cac thanh phé dugc danh ddu bang mot sé nguyén tir 1 d&én N. Dong thir (R+1)
chira ba s6 nguyén S, T, L mé ta lan luot thanh phd khoi hanh, thanh phd can dén va sb
khach du lich duoc phuc vu. (1< L<10000).

Két qua: Dua ra file Tourist.out
Ghi ra s6 16 trinh nho nhat can phai di qua cac thanh phd thoa man yéu cau dé bai.
Vi du:

Tourist.inp Tourist.out

710

1230
1315
1410
2425
2560
3440
3620
4735
5720
6730
1799

Tw twdong thuit toan: Bai todn bién thé ciia bai toan kinh dién tim duong di ngan
nhit. Loi giai tuong tu bai 3. Luu y: s6 khach di tuyén duong < giéi han. Véi con du:ong
(u,v) goi Alu, v] la sO ngudi toi da c6 thé di trén con duong do trong mot lan. A[u,v]-1 sé& 1a
s6 khach tdi da co thé di trén con duong do trong mot lan. Alu,v] = 0 twong duong voi gitra
u va v khong c6 con dudng nao. Goi D[i] 12 s6 khach nhiéu nhit c6 thé di 1 1an tir diém xuét
phat dén i. V&i mdi dinh j k& vdi i, ta cap nhat lai D[j] = min(D[i], C[i, j]). S6 khach c6 thé
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di cung mot luc tir diém xudt phat t6i diém két thic t 1a D[t]. Tinh sb 1an di, ta dung cac
phép div, mod dé tinh.

2. DIJKSTRA HAI TANG:

Bai 5: CAC PUONG HAM

C6 n thanh phd danh sb tir 1 dén n. Cac thanh phd duoc ndi voi nhau béi cac con dudng di qua
mot sO cac duong ham. Moi con duong noi1 hai thanh pho c6 mot do dai twong ting va c6 mat
gi61 han do cao cho cac phuong tién di qua. Mot vai cap thanh pho c6 thé khong c6 duong nodi
truc tiép. Khong c6 duong nao la mot chiéu ca.

Yéu ciu: Can xac dinh duong di tir thanh phé X dén thanh phd Y qua nhirng con dudng di dat
dugc do cao lon nhat c6 thé cua mot phuong tién giao thong. Trong nhimg duong di nay, can
tim duong di c6 tong chiéu dai nho nhét.

Input: file TUNNEL.INP:
e Dong dau ghi 3 s0 N, X, Y. (N <=100)
e Dong tiép theo ghi s6 M 1a s6 cap thanh phd c6 duong ndi.

e M dong tiép, mdi dong mo ta mot duong nbi hai thanh ph6 gom 4 s6 :i,j, H, D —
tuong Gmg 13 ¢6 dudng ndi giita hai thanh phd i va j, duoc gidi han chiéu cao H, c6
do dai D (H, D nguyén va <=10000)

Output: file TUNNEL.OUT
e Dong dau ghi sb K 14 s6 thanh phé ma con duong di qua (ké ca X, Y)

e Dong sau la K s6 hi¢u thanh phé tuong tng theo thir ty trén duong di, bat dau 1a X
vaketthucla'y.

Vidu:

TUNNEL.INP TUNNEL.OUT
624 5
10 21634
21900 100
52400700
15200600
6 3 200 200
45100 100
26300400
16 500 200
6 5200 300
34200 300
35300 100

Tuw twdng thuat toan: Pé di tir thanh phé X dén thanh ph6 Y dat dugc d6 cao 16n nhat
va do dai duong di cang ngin cang t6t. Trong Dijkstra tiéu chi do cao duoc uu tién trude.

Goi H[i], L[i] 1a d6 cao va chiéu dai tir dinh xut phét t6i dinh i.
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- Tim d6 cao 16n nhat cta tuyén duong do d6 budce khoi tao: H[i]=0, v6i i=

H[x]=VO0 cuc;

1..n;

- Lap: Tai m6i budc ta tim dinh v tw do ké u ¢6 nhan H[u] 16n nhat, 6 dinh dinh u va
cép nhat H[v] = Max(H[v] , min(H[u], a[u-->V])), dong thoi cép nhat L[v] = (L[u] + b[u--
>v])); voi a[u->v] la d0 cao con durong tir u dén v, b[u->v] 1a d6 dai con dudng tir dinh u dén

dinh v. Cho dén khi u=y;

Trong mdi budc stra nhin ta dung méang Tr luu vét dudng di, dira vao mang Tr tra 101

dap sb bai toan.

{$A+,B-,D+,E+,F+,G-, I+,L+,N+,0+, P+, Q+,R+, S+, T+, V+, X+}
{SM 16384,0,655360}

Const fi = 'Tunnel.inp’
fo = 'Tunnel.out';
maxN = 100;
Type
bb = byte;
ii = integer;
sSs = shortint;
11 = longint;
km = array[0..maxN] of boolean;
Var f1,f2 : text;
time : 11;
n,m : ii;
X,y : ss;
f : array[l..maxN,1..maxN] of record h,l:ii;end;
h,1 : array[l..maxN] of 11;
tr : array[l..maxN] of ss;
max : ii;

Procedure Open files;
begin
Time:=meml[0:$46C];
assign(fl, fi);reset (fl);
assign(f2, fo) ;rewrite (£2);
end;

Procedure Close files;

begin

close (fl); close(f2);

writeln(' Time = ', (meml[0:3$46C]-time)/18.2:0:5);
end;

Procedure Read Data;

var a,b:ss;p,q,1i:11i;

begin
fillchar (f,sizeocf (f),0);
readln(fl,n, x,vy);
readln(fl,m);
for i:=1 to m do

begin
readln (fl,a,b,p,q):;
fla,bl.l:=qg;fla,b].h:=p;
flb,al.l:=qg;f [b,a]. 1=p;
end;

Chuyén dé: Puwong di ngin nhdt trén do thi
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end;

Function min(a,b:ii) :ii;
begin

if a<b then min:=a else min:=b;
end;

Procedure Print Data 1;
var kqg:array[l..maxN] of ss;
count, t:ss;
begin
max:=h[y];
fillchar (kqg, sizeof (kq),0);
tr[x]:=0;
count:=1;t:=y;kg[count] :=y;
repeat
inc (count) ;
t:=trlt];
kgl[count] :=t;
until tr[t]=0;
writeln (£2, count) ;
for t:=count downto 1 do write(£f2,kqglt],"' ")
end;

Procedure Print Data 2;
var kg:array[l..maxN] of ss;
count, t:ss;
begin
fillchar (kg,sizeof (kqg),0);
tr[(x]:=0;
count:=1;t:=y;kg[count] :=y;
repeat
inc (count) ;
t:=tr[t];
kg[count] :=t;
until tr[t]=0;
if 1[x]<max then
begin
close (f2) ;rewrite (£2);
writeln (f2, count);
for t:=1 to count do write(f2,kqglt],"' ");
end;
end;

Procedure Perform 1;

var i, j:ss;ok:boolean;

begin
fillchar (tr,sizeof (tr),0);
fillchar (h,sizeof (h),0);
fillchar (1l,sizeof (1),0)
for i:=1 to n do

if f[x,1].h<>0 then begin hli]:=f[x,1].h;1[i]:=f[x,1].1;tr[i]:=x;end;

h(x]:=10000;

I3

repeat
ok:=true;
for i:=1 to n do
if i<>x then
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for j:=1 to n do

if (h[3]1>0) and (f[j,1]1.1>0) then
begin
if (h[j]l>h[i]) and (f[j,1i].h>h[i]) then
begin
h(i]:=min(h[j],£[3,1i].h);
1[i]:=1[3]1+£f[3,1]1.1;
trlil:=3;
ok:=false;
end
else
if (h[jl>=h[i]) and (f[]j,i].h>=h[i]) then
if (1[i1>1[j1+f[j,i]1.1) or (1[i]1=0) then
begin
h[i]:=min (h [j] £03,11.h);
1[i]:=1[31+f[3,1i1.1;
tr[i]:=3;
ok:=false;
end

end;
until ok;
Print Data 1;
end;

Procedure Perform 2;
var 1i,7j,tg:ss;ok:boolean;
begin
tg:=x;x:=y;v:=tg;
fillchar (tr,sizeof (tr),0);
fillchar (h,sizeof (h),0);
fillchar(l,sizeof (1),0);
for i:=1 to n do
if f[x,1].h<>0 then begin h[i]:=f
h(x]:=10000;

’

[x,1].h;1[1]:=f

repeat
ok:=true;
for i:=1 to n do
if i<>x then
for j:=1 to n do
if (h[j]1>0) and
begin
if (h([J
begin
h{i] :=min(h[j],£[3,1].h);
1[il:=1[j1+f[j,1].1;
tr[il:=7j;
ok:=false;
end
else
if (h[]
if (1[4
begin
h{i]:=min (h
1[i]:=1[3]1+
tr{il:=j;
ok:=false;
end

(£[3,1].1>0) then

1>h([i]) and (f[j,1i].h>h[i]) then

(£[3,i].h>=h[i

1) then
[J1+£[3,11.1) or (1[i]1=0) then

[x,1]

L1, tr[i]

:=x;end;
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end;
until ok;
Print Data 2;
end;

BEGIN
Open files;
Read Data;
Perform 1;
Perform 2;
Close files;
END.

Bai 6: PUONG PI CHI PHI TIET KIEM (Ngudn: vn.spoj.com)

C6 n thanh phd duoc danh sb tir 1 dén n ndi v6i nhau bing cac con duong mot chidu. Mdi con
duong co hai gia tri: 6 dai va chi phi phai tra d¢ di qua con duong do6. Bé Sen ¢ thanh pho 1.
Ban hay gitp bé Sen tim duong di tir thanh pho 1 dén thanh pho n ma chi phi khéng qua k.

Dir liéu: vao tu file van ban ROADS.INP
- Dong dau tién ghi t 1a s6 test. Voi moi test:

- Dong dau ghi s6 nguyén k (0 < K < 10000) 13 s6 tién t6i da ma bé Sen con ¢6 thé chi
cho 1€ phi di duong.

- Dong 2 ghi s6 nguyén n (2 <n < 100) 1a sb thanh phd.
- Dong 3 ghi s6 nguyén m 1a s6 duong noi.
- Mdi dong trong m dong tiép theo ghi 4 s6 nguyén x, y, z, 1 m6 ta mot con dudng ndi
gitta x va 'y voi d¢ dai z (1 <z < 100) va chi phi1 (0 <1<100).
Két qua: ghi ra file van ban ROADS.OUT ) ) )
‘ V&1 moi test, in ra d§ dai duong di chi phi khong qua k xuat phat tir 1 dén n. Néu khong
ton tai, in ra -1.

Vi du:

ROADS.INP ROADS.OUT
11
-1

o O1 N

1223
2433
3424
1341
4621
3520
5432
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1452
1210
2311
3410

Tw twéng thudt todn: Str dung thuit toan Dijkstra hai tang.
Goi D1[1] nhan chi phi, D2[1] nham khoang cach.

- Tim duong di ngan nhat (v& chi phi tién) tir dinh 1 dén céc dinh khac d¢ tinh chi phi
D1[i] toi vu, néu D1[n] >k thi bai toan khéng c6 nghiém.

- Trong mdi budc stra nhdn ta cap nhat DI[v]=min(D1[u], D1[u]+a[u->V]);
D2[v]=Min(DJ[u], D[u]+b[u->V]);

Chu ¥: Dé test trén vn.spoj.com can biéu dién d6 thi bang danh sach ké.

3. THUAT TOAN DIJKSTRA KET HQP HEAP NHI PHAN.

__ Thuét toan Dijkstra o dién c6 do phuc tap 1a O(n?). Hai thao tac ton thdi gian nhat cta
moi lan 1ap la:
[1] Lay dinh u tu do ¢6 gia tri d[u] nho nhit & budc 2.1
[2] Cap nhat nhén d[v] cua cac dinh ty do ké u ¢ budc 2.2

Thoi gian thuc hién thao tac [1] 1a O(n), thao tac [2] phu thudc vao bac cua dinh u
O(deg(u)). Ta c6 thoi gian thuc hién thuit toan: O(n?+m) = O(n?). Tuy nhién, néu biéu
dién d6 thi bang danh sach ké két hop mot Heap nhi phén, thao tac tht [1] chinh 13 13y gbc cua
min Heap va thao tac tht [2] 14 cap nhat khoa cuia Heap, mdi thao tic mat O(log(n)) thoi gian
dé thuc hién thuat toan Dijkstra véi Heap nhi phan: O((n+m)logn).

Luu y: Heap ta ghi nhan tap dinh cta d6 thi chira khong phai ghi khoa, con khoa cua
heap ta luu trong mang D. Nhu vy khoa cua dinh i 1a D[heap[i]] con thir ty cta dinh i ta ghi
trong mang pos. Hay ndi cach khac pos[v]=i khi va chi khi Heap[i]=v

Hai thao tac cap nhat va loai bo gbc ctia Heap nhi phan c6 ma Pascal nhu sau:

Procedure update (v: longint);
var cha,con: longint;
begin
con:=pos|[Vv];
if con=0 then
begin
inc (nheap) ;
con:=nheap;
end;
cha:=con div 2;
while (cha>0) and (dlheap[chal]l>d[v]) do

begin
heap[con] :=heap[cha];
pos[heap[con]] :=con;
con:=cha;

cha:=con div 2;
end;
heap[con] :=v;
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pos[v] :=con;
end;

Function pop: longint;
var v,cha,con: longint;

begin
pop:=heap[l];
v:=heap[nheap]; dec(nheap);
cha:=1;
while 2*cha<=nheap do
begin
con:=2*cha;
if (con<nheap) and (d[heap[con]]>d[heap[con+l]]) then inc(con);
if dlheap[con]]>=d[v] then break;
heap[cha] :=heap[con];
pos[heap[cha]] :=cha;
cha:=con;
end;
heap([cha] :=v;
pos|[v] :=cha;
end;

T do ta suy ra thuat toan Dijkstra véi Heap nhi phan c6 gia ma:

Procedure DTraHeap (s, t: longint);
Var i, u, v: longint;
Begin
//Bl, Khoi tao
D[i]<--+4w0;Vi=1l..n
Ch[i]<-- False; Vi=l..n

D[s]<--0;
Update (s);// cap nhat nut 1 cua heap

//B2. Lap cho den khi heap = rong

Repeat
//B2.1 Lay dinh ke co D[u] nho nhat
U<--pos;// Loai bo nut goc cua heap

Ch[u]<-- True;// danh dau dinh u co dinh
If u = t Then Exit;
// B2.2 Sua nhan;

Duyet tat ca cac dinh v tu do va ke u. Neu d[v]>

Begin
D[v]<--D[ul]+A[u-->Vv];
Update (v) ; //cap nhat nut v vao heap
End;
Until heap=rong;
End;

d[ul+ a[u->v] thi

Chuyén dé: Puwong di ngin nhdt trén do thi
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Bai 7. GIAO THONG:

Song trong mot thanh pho lon co6 mat d6 dan sd cao va giao thong phtc tap, 6ng Binh
rat lo vé nan ket xe anh hudng dén cudc séng ciia minh. Mdi sang thire day cong viéc dau tién
ctia 6ng Binh 13 nghe ban tin giao théng cua thanh phd. Ong Binh rét lo 13 con dudng quen
thudc hang ngay di dén co quan bi ket xe thi ong khong biét phai chon con dudng nao dé thay
thé sao cho ong c6 thé dén co quan sém nhat c6 thé.

Bén d6 thanh pho 1a gdm c6 n ndt giao théng va m con duong hai chiéu ndi céc nat
giao thong nay. P dai cua moi con duong la mot sO nguyén duong. Nha ong Binh ¢ nat giao
thong 1, co quan ong binh & nut giao thong n. B¢ thuan tién cho viée di lai, 6ng Binh dang tim
hiéu cac con duong ngan nhat dan tir nha 6ng Binh dén co quan. Ban hay giip 6ng Binh thyc
hién cong viéc kho khan nay.

Input:

Dong thir nhat ghi hai s6 nguyén n va m (1 <n <5000, 1 <m < 20000)

m dong tiép theo, mdi dong ghi 3 s6 nguyén duong U, V, L ( con dudng ndi U dén V
v61 do dai L, L <32000).

Output: Ghi hai s6 1a d6 dai duong di ngin nhan va s6 lugng dudng di ngan nhat.

Vi du:

Input Output
45 33
121
132
143
231
341

Y twéng thuit toan: Dijkstra Heap nhi phan két hop quy hoach dong va xt 1i s6 16n:

D& thay, day 1a bai toan Tim dudng di ngin nhat tir dinh 1 dén dinh n. Tuy nhién:

- Theo diéu kién dé bai n, m twong dbi 16n ta can dung Dijkstra v6i ciu triic heap nhi
phén, va L <32000 can xtr li so 1on.

- Theo yéu cau xut ra sb luong dudng di ngin nhat, ta ding quy hoat dong nhu sau:
+ Goi Count[i] 1a s6 dudng di ngan nhat tir dinh s dén dinh i.
Khoi tao Count [1]=0 v&1 moi 1 # s va Count [s]=1

Trong thuat toan Dijkstra: Khi tim dugc duong di méi ¢6 do dai pgén hon
(d[v]>d[u]+a[u->v]) ta tién hanh thay do6i d[v]:=d[u]+a[u-->v]) dong thoi
Count[v]:=Count[u].

q Mbi khi tim duoc 2 duong di co do dai bang nhau (d[v]=d[u]+A[u->V]) ta thay
do61 Count[v]:=Count[v]+Count[u]. K&t qua 1a Count[n].
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Bai gidai tham khdo:

Program GiaoThong;

const
fi='CPATH.inp';
fo="CPATH.out';
maxn=10000;
maxm=41000;
vc=1000000000;
var
n,m,nheap: longint;
f: text;
h,heap,d: array [-1..maxn+4] of longint;
count: array [-1l..maxn+t4] of string;
dd: array [-1l..maxnt4] of boolean;
adj,adjcost,pos: array [-1l..maxm+4] of longint;
procedure doc;
var
i: longint;
dau, cuoi,cost: array [-1..maxm+4] of longint;
begin
assign(f, fi); reset(f);
fillchar (h,sizeof (h),0);
readln(f,n,m);
for i:=1 to m do
begin
readln (f,daul[i],cuoi[i],cost[i]);
inc(h[dauli]l]):
inc(h[cuoi[i]l]);
end;
for 1i:=2 to n do h[i]:=h[i-1]1+h[1];
hin+l]:=h[n];
for i:=1 to m do
begin
adj[h[dau[i]]]:=cuoil[il];
adjcost[h[dau[i]]]:=cost[i];
dec(h[dauli]l]);
adj[h[cuoi[i]]]:=daulil;
adjcost[h[cuoi[i]]]:=cost[i];
dec(h[cuoi[i]l]):
end;
close (f);
end;

procedure update (v: longint);
var cha,con: longint;
begin
con:=pos|[Vv];
if con=0 then
begin
inc (nheap) ;
con:=nheap;
end;
cha:=con div 2;
while (cha>0) and (dlheap[chal]l>d[v]) do

begin
heap[con] :=heap[cha];
pos[heap[con]] :=con;
con:=cha;
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cha:=con div 2;
end;
heap[con] :=v;
pos[v] :=con;
end;
function pop: longint;
var v,cha,con: longint;
begin
pop:=heap[l];
v:=heap[nheap]; dec(nheap):;

cha:=1;
while 2*cha<=nheap do
begin
con:=2*cha;
if (con<nheap) and (d[heap[con]]>d[heap[con+l]]) then inc(con);

if dlheap[con]]>=d[v] then break;
heap[cha] :=heap[con];
pos[heap[cha]] :=cha;
cha:=con;

end;

heap([cha] :=v;

pos[v] :=cha;

end;
function cong(a,b: string): string;
var
c: string;
nho,x,y,z: byte;
i: longint;
begin
while length (a)<length(b) do a:='0"+a;
while length (b)<length(a) do b:='0"+b;
nho:=0; c:="";
for i:=length(a) downto 1 do
begin
x:=ord(al[i])-48;
y:=ord(b[i])-48;
z :=x+y+nho;
c:=chr((z mod 10)+48) +c;
nho:=z div 10;
end;
if nho>0 then c:='1"+c;
cong:=c;
end;

procedure DTra;
var i,u: longint;
begin
fillchar (dd, sizeof (dd), false);
fillchar (pos, sizeof (pos),0);
fillchar (heap, sizeof (heap),0);
for i:=1 to n do count[i]:="";
count[1l]:='1";
for 1i:=1 to n do d[i]:=vc;
d[1l]:=0;
nheap:=0; update(l);
repeat
u:=pop;
if u=0 then break;
dd[u] :=true;
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for i:=h[u]+l to hl[u+l] do

if not(dd[adj[i]]) then
if (d[adj[i]]1>d[ul+adjcost[i]) then
begin
dladj[i]l]:=d[u]l+adjcost[i];
update (adj[i]) s
count[adj[i]] :=count[ul];
end
else
if (dladj[i]]=d[u]l+adjcost[i]) then
count[adj[i]]:=cong(countf[adj[i]],count[ul]);
until (nheap=0) ;
end;
procedure ghi;
var i: longint;
begin
assign(f, fo); rewrite (f);
write(f,d[n],"' ',count[n]);
close (f);
end;
BEGIN
doc;
dtra;
ghi;
END.
Bai 8. GUI THU

Mot cong ty buu dién chiu trach nhiém chuyén phat thu mot cach nhanh chéng gifta cic thanh
phé. Co tat ca N thanh phd dugc danh sé tir 1.N, voi M con dudng hai chiéu ndi giita céc
thanh phd. Viéc di chuyén trén mdi con duong mit mot khoang thoi gian 1a T. Buc thu tir
thanh phd A mudn gtri dén thanh phé B phai di theo mot quy trinh do cong ty dat ra. Dau tién
nhan vién buu dién mat mot khoang thoi gian T1 van chuyén thu tir thanh phd A dén cong ty
buu dién dat tai thanh phé' 1 dé kiém tra tinh hop 1€ cua cac buc thu, sau do méat thém mot
khoang thoi gian T2 dé dua cac birc thu tir cong ty dén thanh phd B. Nhu vy thoi gian tong
cong dé giri 1 btrc thu tir thanh phd A dén thanh phd B 1a T1+T2.

Yéu cau: Biét rang c6 rat nhiéu yéu cau gui thu gitra cac thanh phé khac nhau. Hay tinh
tho1 gian ngan nhat d€ mdt birc thu duoc gui tir thanh phd A dén thanh pho B.
Dir li€u: Cho trong file van ban Mail.inp

Dong dau tién gdm 4 sd nguyén N, M, A va B. M dong tiép theo, mdi dong ghi 3 s6
nguyén duong L, P, T bi€u dién cho viéc di chuyén trén con dudng hai chiéu ndi thanh pho L
va P, s€ mat khoang thoi gian 1a T.
Két qua: Ghi ra file vin ban Mail.out s6 nguyén duy nhat 13 tong thoi gian nhanh nhat dé
chuyén thu tir A dén B.

Vi du:
Mail.inp Mail.out
4524
123 0
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244
131
342
147

Gidi han dir liéu:

-1<SN,M<10°
-I<SL#P <N, 1<T<10°

Tuw twéng cia thuat toan: Dung Dijkstra + Heap nhi phan

Bai 9: PUONG DI

Trong khu vuc duge xét ¢ n thanh phd, danh sd tir 1 dén n. Cac thanh phé dugc ndi v6i nhau
bang m tuyén duong mot chiéu. V&i moi tuyén duong
nguoi ta cho biét thanh pho xuat phat, thanh pho dich va do
dai cuia nd. Gitra hai thanh pho c6 thé c6 nhiéu tuyén duong
noi.

Puong di ngan nhét tir A t6i B 1a duong ma tong do dai cac
tuyén di qua la nho nhat. &)
M01 tuyen duong c6 thé thudc mot hodc nhiéu duong di

ngan nhét giita cac cip thanh phé. Vi dy, voi mang ludi

giao thong ¢ hinh bén, tuyén duong tir 1 t6i 2 thudc cac

duong di ngan nhat tir 1 t61 2 va tir 1 t61 3, con tuyén duong

tur 1 té1 4 chi thuge mot duwong di ngan nhat tu 1 té1 4. £

Yéu cau Cho n, m va thong tin vé mdi tuyen duong. Voi
mdi tuyén hiy xac dinh sb lugng dudng ngan nhat ma tuyen
d6 tham gia. S6 nay co6 thé rat 16n nén ban chi can dua ra sd
du cia két qua tim duoc khi chia cho 109+7.

Dir liéu: Vao tur file van ban PATHS.INP:
e Dong dau tién chira 2 s nguyén nvam (1 <n <1500, 1 <m <5 000),
e MGJi dong trong m dong sau chtra 3 s6 nguyén xac dinh diém dau, diém cudi va do dai
con duong (d6 dai khong vugt qua 10 000).
Két qua: Pua ra file vin ban PATHS.OUT m dong, mdi dong chira mot s6 nguyén, dong thir i
xac dinh két qua tim dugc voi tuyén duong i.
Vi du:

PATHS.INP PATHS.OUT

44
125 3
235
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345 1
148

Rang budc:
30% s test c6 N<=15 va M<=30
Tuw twéng thuat toan:

, Dé tinh duoc s6 duong di nga"lr} nhit qua canh (u,v) ta tinh dugc s6 duong di pgén ghét
dén u (to[u]) va s6 dudong di ngan nhat tr v di ra (from[v])=>két qua s6 duong di ngan nhat di
qua canh (u,v)=to[u]*from[Vv].

Str dung Dijkstra n 1an, mdi 1an ta tinh duogc to[u] va from[u]. MBJi canh (u,v) ta tinh tich
lity két qua cho canh (u,v). Ta cai dit do thi bang danh sach ké va heap dé giai bai toan.
Bai 10: VE XE MIEN PHI (Duyén Hai 2015)

Tham gia trd choi nhay 10 co, that may man, Khué di gianh giai nhat cta cudc thi. Phan
thuong ma Khué nhén dugce la k vé xe buyt mién phi dé di thim quan thanh ph6 Ha Long. Mdi
vé xe chi duoc sir dung mot 1an va cé thé su dung cho bat ky tuyen xe buyt nao trong thanh
phé. Thanh phé c¢é n nit giao théng duoc danh so tur 1 dénnvam tuyen xe buyt hai chiéu. Mdi
cap nut giao thong i, j c6 khong qua mot tuyén xe buyt hai chiéu, néu c6 thi dé di tir nut i dén
nutj (hoac tur nutj dén nut i) v6i gia vé 1a cij = cji dong. Xuat phat tir nut giao thong s, Khué
mudn di chuyén dén nut giao théng t va anh ludn lwa chon duong di v6i chi phi it nhat.

Vi du: thanh ph c6 5 nat giao thong va 6 tuyén xe buyt:
Tuyén 1: 1-2 gia vé 10 dong; Tuyén 2: 2-5 gia vé 10 dong;
Tuyén 3: 1-4 gia vé 3 dong; Tuyén 4: 3-4 gia vé 5 dong;
Tuyén 5: 3-5 gia vé 3 dong; Tuyén 6: 1-3 gia vé 20 dong.

Xut phat tir nit 1 dén nat 5, di theo hanh trinh 1->4->3->5 hét 11 dong l1a duong di voi chi
phi it nhat. Tuy nhién, néu Khué sir dung 1 vé xe mi€n phi thi duong di 1->3->5 hét 3 dong 1a
it nhat (vé xe mién phi dugc sir dung tai tuyén 1-3).

Yéu cau: Cho biét cac tuyén xe buyt véi gia vé twong ing va cac gia tri s, t, k. Hay tlnh chi phi
it nhat dé di tir nut giao thong s dén niit giao thong t ma khong st dung qué k vé xe mién phi.

Dir liéu: Vao tur file van ban FREEBUS.INP:
- Dong dau tién ghi ndm sb nguyén duwong n, m, k, s, t;
- m dong sau, mdi dong 3 sé nguyén i, j, Cjmo ta ¢ tuyén xe buyt i — j hét cijdong.

Két qua: Pua ra file vin ban FREEBUS.OUT mot s6 duy nhat 1a chi phi it nhat dé di tir nit
giao thdong s dén nat giao thong t ma khong sir dung qua k vé xe mién phi.
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Vi du:

FREEBUS.INP FREEBUS.OUT

56115 3
1210
2510
143
345
353
1320

Rang budc dir liéu:

o C640% sd test ing voi 40% s6 diém c6 n <100, m < 1000 va k = 1;

o (C020% s test tng v6i 20% sb diém co n < 10°, m< 10°vak =1;

o C040% s test con lai tng v6i 40% s6 diém con < 10°, m < 10°vak <5.
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