Thuat toan Kruskal

Thuat toan Kruskal

Béi:
Khoa CNTT BHSP KT Hung Yén

Thuat toan Kruskal

Thuat torz'm s& X{iy dung tap canh T ctia cdy khung nhé nhit H=(V,T) theo tl‘Ir}g b\u:é’c.
Trude hét sap )Eép cac canh C}ia dod thi G theo thur tu khong giadm cua fi(f) d,éi. Bat dau tu
tap T=40, & méi budc ta s€ lan luot duy?t trong danh sach can}} da sap xép, tu canh‘cé
do dai nho dén (‘:anh c6 do dai 1on th’n, dé tim ra canh ma viéc bo sung n6 vao tap T gom
n-1 canh. Cu thé, thuat toan c6 thé mo ta nhu sau:

Procedure Kruskal;

Begin

T:=0;

While |T| < (n-1) and (E<> &) do

Begin

E:=FE\{e};

if (T ? {e} khong chira chu trinh) then T:=T ? {e} ;

End;

if (|T| < n-1) then D6 thi khong lién thong;

End;

Vidu 5.1

Tim cdy khung nho nhét ciia d6 thi cho trong hinh 5.1 duéi.

Budc khaoi tao. Bat T:=0 . Sa"lp xép cac canh cua d6 thi theo thu tu khong giam cua do

dai ta c6 day:
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3,5),(4,60),(4.5),(5,6),(3.4),(1,3),(23),(2.4),(1,2)
day do dai tuong ing cua ching

4,8,9,14, 16, 17, 18, 20, 23.
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Hinh 5.1 D6 thi va ciy khung nho nhét.

O ba lan gip dau tién ta lan lugt bo sung vao tap T cac canh (3,5) , (4,6) , (4,5). Rd rang
néu thém canh (5,6) vao T thi s& tao thanh 2 canh (4,5), (4, 6) da c6 trong T chu trinh.
Tinh hudng twong tu ciing xay ra ddi véi canh (3.4) la canh tiép theo cta diy. Tiép theo
ta bo sung canh (1,3), (2,3) vao T va thu duoc tdp T gdm 5 canh:

T=1{(3.5),(46),(45),(13),(2.3)}
Chinh 12 tap canh cua cay khung nho nhét can tim.
Chirng minh tinh ding din cia thuit toan.

RO rang dd thi thu duoc theo thudt toan c6 n-1 canh va khong c¢6 chu trinh, vi vay theo
dinh 1y 4.1 n6 1a cay khung ctia d6 thi G. Nhu vy, chi con phai chi ra rang T ¢ d6 dai
nho nhat. Gia sir ton tai cay S cua do thi G ma ¢(S) < ¢(T). Ky hiéu ek 1 canh dau tién
trong diy cc canh ctia T x4y dung theo thuit toan vira mé ta khong thudc S. khi d6 d6
thi con ctia G sinh béi cay S dugc bd sung canh ek s€ chira mot chu trinh C duy nhét di
qua ek. Do chu trinh C phai chtra canh e thuoc S nhung khong thuoc T nén dd thi con
thu dugc tir S bang cach thay canh e ctia nd boi canh ek (ky hiéu dd thi 12 S”) sé& 1a cay
khung. Theo cach xay dung c(ek) < c(e) do d6 c(S’) < ¢(S), ddng thdi sé canh chung cua
S’ va T d tang thém 1 so véi s6 canh chung cua S va T. Lip lai qua trinh trén timg budc
mot ta c6 thé bién d6i S thanh T va trong mdi budc tong do dai khong tang, tirc 13 ¢(T)
< ¢(S). Mau thuin thu duoc ching to T 13 cdy khung nho nhat.
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Veé viéc 1ap trinh thure hi¢n thuit toan.

Khéi luong tinh toan nhiéu nhat ctia thuit toan chinh 1a & budc sip xép cac canh cua d6
thi theo thir tr khéng giam cua do dai dé lua chon canh bo sung. Déi véi d6 thi m canh
can phai thyc hién mlogm phép toan dé sap xép cac canh ctia do thi thanh diy khong
giam theo do dai. Tuy nhién, dé xay dung ciy khung nho nhat véi n-1 canh, néi chung
ta khong can phal sap thir tr toan bd cac canh ma chi can Xet phan trén clia day do chura
r < m canh. D& 1am viéc d6 ta c6 thé st dung cac thu tuc sap xép dang Vun dong (Heap
Sort) Trong tha tuc nay, dé tao déng dau tién ta mét c& O(m) phép toan, mdi phan tur
tiép theo trong dbng co thé tim sau thoi gian O(log m) Vi vdy, v6i cai tién nay thuat
toan s& mat thoi gian ¢d O(m+p) log m) cho viée sép xép cac canh. Trong thuc té tinh
toan s6 p nho hon rat nhiéu so véi m.

Van dé tha hai trong viéc thé hién thuét toan Kruskal 1a viéc lya chon canh dé bod sung
doi hoi phai c6 mot thu tuc hiéu qua kiém tra tip canh T ? {e} co6 chira chu trinh hay
khong. Pé ¥ rang, cac canh trong T ¢ cac budc lip trung gian sé& tao thanh mot rimg.
Canh e can khéo sat sé tao thanh chu trinh véi cac canh trong T khi va chi khi ca hai dinh
dau cua no thude vao cung mot cay con cua rirng noi trén. Do do, néu canh e khong tao
thanh chu trinh véi cac canh trong T, thi nd phai ndi hai cay khac nhau trong T. vi thé,
dé kiém tra xem c6 thé bd sung canh e vao T ta chi can kiém tra xem né c6 ndi hai cay
khac nhau trong T hay khéng. Mot trong cac phuong phap hiéu qua dé thuc hién viéc
kiém tra nay 1a ta s& phan hoach tap cac dinh ctia do thi ra thanh cac tdp con khong giao
nhau, mdi tip xac dinh bdi mot cay con trong T(duoc hinh thanh ¢ cac bude do viéc bd
sung canh vao T). chfmg han, ddi vé6i dd thi trong vi du 3, dau tién ta c6 sau tap con 1
phan ti: {1}, {2}, {3}, {4}, {5}, {6} . Sau khi b6 sung canh (3, 5), ta c6 cac tdp con
{1}, {2}, {3,5}, {4}, {6} . O budc thi 3, ta chon canh (4, 5), khi d6 hai tap con duoc
nbi lai va danh sach céac tap con 1a {1}, {2}, {3, 5, 4, 6} . Canh c6 d6 dai tiép theo 13
(4,6), do hai dau cua no thude vao cung mot tap con {3,4,5,6} , nén nd s¢ tao thanh chu
trinh trong tap nay. Vi vay canh nay khong dugc chon. Va thuat todn s¢€ tiép tuc chon
canh tiép theo dé khao sat ...

Nhu vay, dé giai quyét vin dé thir hai nay ta phai xdy dung hai thi tuc: Kiém tra xem
hai dau u, v ctia canh e=(u, v) ¢6 thudc vao hai tap con khac nhau hay khong, va trong
truong hop cdu tra 10i 1a khang dinh, ndi hai tdp con tuong tng thanh mat tap. Chu y
rang mdi tap con trong phan hoach c6 thé luu trit nhu 14 mot cdy c¢6 gbe, va khi d6 mdi
gbc s& dugce str dung 1am nhan nhan biét tip con twong mg.

Chuong trinh trén Pascal thyc hién thuat todn Kruskal v&i nhitng nhan xét vira néu co
thé viét nhu sau:

(* TIM CAY KHUNG NHO NHAT THEO THUAT TOAN KRUSKAL CUA BO THI
CHO BOI DANH SACH CANH *)
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uses crt;

type

arrn=array[ 1. .50] of integer;
arrm= array[ 1...50] of integer;
var

n,m, minL:integer;

Dau, cuoi, W:arrm;

DauT, CuoiT, Father:arrn;
Connect:boolean;

Procedure Nhapdl;

Var

1:integer;

Fanme:string;

F:text;

Begin

Write(‘Cho ten file du lieu:”) readln(fname);
Assign(f,fname); reset(f);
ReadIn(f,n,m);

For i:=1 to m do readIn(f, Dau[i], Cuoi[i], W[i]);
Close(%);

End;

Procedure Indulieu;
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Var i:integer;

Begin

Writeln(‘So dinh ‘,n,’. So canh ’,m);
Writeln(‘Dinh dau Dinh cuoi Do dai’);

Fori:=1 tomdo

Writeln(Dau[i]:4, Cuoi[i1}:10, W[i]:12);

End;

Procedure Heap(First, Last:integer);

Var j,k,t1,t2,t3 : integer;

Begin

J.=first;

While (j<=trunc(last/2)) do

Begin

If (2*j<last) and W[2*j+1]<W[2*]]) then K:= 2*;j+1
Else k"=2%*;;

If W[k]<W[j} then

Begin

T1:=Dau[j]; t1:=Cuoi[j]; t3:=W[j];
Dau[j]:=Dau[k];Cuoi[j]:=Cuoi[k]; W[j]:=WIk];

Dau[k]:=t1; Cuoi[k]:=t2; W[k]:=t3;
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Else j:=Last;

End;

End;

Function Find(i:integer):integer;
Var Tro:integer;

Begin

Tro:=i;

While Father[Tro]>0 do Tro:=Father[Tro];
Find:=Tro;

End;

Procedure Union(i,j:integer);
Var x:integer;

Begin

x:=father[i]+father[j];

if father[i]>father[j] then
begin

father[1]:=f;

father[j]:=x;

end

else

begin

father[j]:=1;
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father[i]:=x;

end;

End;

Procedure Kruskal;

Var

I, Last, u,v,r1,r2, Ncanh, Ndinh:integer;
Begin

(* Khoi tao mang Father danh dau cay con va khoi tao Heap *)
for 1:= 1 to n do father[i]:=-1;

for i:=trunc(m/2) downto 1 do Heap(i,m);
last:=m; Ncanh:=0; Ndinh:=0;

MinL:=0;

Connect:=true;

While (Ndinh<n-1) and (Ncanh<m) do
Begin

Ncanh:=Ncanh+1;

u:=dau[1];

v:=Cuoi[1];

(* Kiem tra u va v co thuoc cung mot cay con *)
r1:=find(u);

r2:=find(v);

if r1<>12 then
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begin

(* Ket nap canh (u,v) vao cay khung *)
Ndinh:=Ndinh+1; Union(rl, r2);
DauT[Ndinh]:=u;

CuoiT[Ndinh]:=v;
MinL:=MinL+W[1];

end;

(* To chuc lai Heap *)
Dau[1]:=Dau[Last];
Cuoi[1]:=Cuoi[Last];

W][1]:=W]|[Last];

Last:=Last-1;

End;

If Ndinh<>n-1 then Connect:=false;
End;

Procedure Inketqua;

Var i:integer;

Begin

Wiriteln( # s stk ot ook stk o)

Writeln(“***** Ket qua tinh toan **##**#*>)

Writeln(‘*******************************’)-

b

Writeln(‘Do dai cua cay khung nho nhat: ‘,MinL);
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Writeln(‘Cac canh cua cay khung nho nhat’);
For i:=1 ton-1 do
Writeln(‘(‘,DauT[i]:2,’,”,CuoiT[i]:2,”)’);

Writeln(‘*******************************’).

End;

Begin

Clrscr;

Nhapdl;’

Indulieu;

Kruskal;

If connect then Inketqua

Else

Writeln(* Do thi khong lien thong’);
Readln;

End.

File di li€u cua bai toan trong vi du 3 c6 dang sau:

79

354

468

459

5614

3416
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1317
2318
2420

1223
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