To chirc dir liéu
1. Td chirc

Type
index=word;
typeflag=integer; // trong trudng hgp cé hon 2 trudng hgp
Typereal=real;
//Diém:
Point = record
X, y: Typereal;
end;
//Pudng thang:
Line = Record
pl, p2: point;
end;
//Pa giac:
Polygon = array[1..n] of point;

o DE thudn lgi thi khi biéu dién da gidc ta nén thém hai dinh & déu va cudi: dinh 0 bdng
dinh n va dinh n + 1 bdng dinh 1.

e Tir ddy ta ciing théng nhét vdi cdch khai bdo nay cho cdc doan chwong trinh cé thé
ding dén.

2. Kiéu so thuc

- X ly hinh hoc hau hét lién quan dén sé thuec.
- Bang duwdi day la nhirng kiéu s thuwe ma Pascal cé san:

Ki€u Gidi han Chit s6 co nghia | Kich thudc (Byte)
Single 1.5e-45..3.4e38 7-8 4

Real 2.9e-39..1.7e38 11-12 6

Double 5.0e-324..1.7e308 15-16 8

Extended 3.4e-4932..1.1e4932 19-20 10

- Déac biét, mac du chi khi ta dung Double hodc Extended ta mdi phai khai bao bién dich
{SN+}, nhung ta nén luc nao ciling lam nhu vay. Vi khi dé may tinh s& dung bé déng xtr ly
toadn hoc, cac phép todn véi s6 thuc sé thuc hién nhanh chang kém gi so véi s& nguyén
(thdm chi con nhanh hon néu ta dung kiéu s6 thuc Double).




So sanh “=” gitta 2 s6 thyc khdng thé thuc hién bang phép “=” cé san.

Function equal(a,b:sothuc):Boolean;

Begin
If abs(a-b)<esp then exit(true) // tuy theo bai toan ma chon esp
Exit(false);

End;

Luu y: phép chia khong (Dvision by zero)
Vi du: diéu kién 3 diém thidng hang A(Xa,Ya), B(Xs,Ys), C(Xc,Yc)

Xy —Xp  Xg—Xc
WYy Y,-Y;

()

Khi lap trinh, ta nén dung:

(Xg —Xp) x (Ys —Yo) = (Xg — X¢) * (Vg — Yp) (%%)




Phuwong phap hinh hoc

1. Khoang cach giira 2 diém

function Dist(p1, p2: Point): typeReal;
begin

Dist := Sqrt(Sqr(pl.x — p2.x) + Sqr(pl.y — p2.y));
end;

2. Vi tri twong doi gitra 3 Piém

- 3 khd nang xay ra:

B C C B C
/ ; /B/
A A A

B.x—A.x C.x—B.x
k= B.y—Ay C_y_B_y|—(B.x—A.x)(C.y—B.y)—(B.y—A.y)(C.x—B.x)

< 0 - ré phai
>0 - rétrai
function CCW(A, B, C: Point): typeflag;
var
k: typeReal;
begin
k=B.x—Ax)*(C.y—B.y)—(B.y—A.y)*(C.x — B.x);
if equal(k,0) then CCW := 0 // c thdng hang ab
else

[O — thang hang
k =

if k > 0 then CCW :=1// c bén trdi
else CCW := -1; // c bén phai

end;

3. Phuwong trinh duwong thing tong quat

- Phuong trinh dudng thang di qua hai diém phan biét p, p, c6 dang:

f(x,y) = (X- p1.X)*(p2.y - pl.xg)- (Y — P1.Y)*(p2.X — p1.X) =0

- Viét du6i dang tong quat

| Ax+By+C=0(2) |




Taco: A= (p2.y- pry) ; B=(p1. X 2 X) ; C=(p2-X*P1.y-p1.X*P2.y)

procedure Extract(p;, p>: Point; var a, b, c: typeReal);
begin

a = P2y - Py,

b := p1.X - p2.x;

C :=( p2.X*p1.y-p1.X*p2.y) ;
end;

= Ham tinh f(x,y)

function ff(M, p1, p2: Point):typereal;
begin
Extract(p;, p2, @, b, €);
Exit(@*M.x+b*M.y-c);
end;

4. Khodng cach giitta diém va duwong thang

- (d) 13 duwong thang cé phuong trinh: Ax+ By +C=0
- Khodng cach tir diém p dén dudng thang (d) :

- |Ap.x + Bp.y + C| _ |f(p.x,p.y)l

= (3)
Ny VAZ+ B2
function DistPL(p: Point;a,b,c: typedata): typereal;
begin
DistPoLi := abs(a*p.x+b*p.y+c)/Sqrt(Sqgr(a)+ Sqgr(b)));
end;

5. Vi tri twong doi gitta diém va dwong thing

- Cho 3 diém py, po, M
- Vi tri tuong do1 gitra M va so voi vector pq, p, xac dinh nhu sau:

| VT=(p2.x-p1X)(M.y-P1.y)-(P2.y-P1.y)(M-x-p1.X) (4)

= Néu VT>0 thi M bén trai vécto Py, p,
= Néu VT<0 thi M b§n phai vécto pq, p;
= Néu VT=0 thi M nam trén vécto pq, p,

function PosPoVec(M,p1, p2: Point): typeflag;
var VT:typereal;




begin
VT=(p2.X-p1.X)*(M.y-p1.y)-(P2.y-p1.y)*(M.X-p1.X);
If equal(VT,0) then exit(0) // nam trén vector
Else if VT>0 then exit(-1) // diém M bén trai vector
Else exit(1); // diém M bén phai vector

end;
= Xac dinh diém M c6 thudc doan thang p,p,
- Mthoda 2 diéu kién sau:
o M nam trén duong thang pip,
o Toadé M thoa : (M.x>=min(p;.X,p,.X)) and (M.x<=max(p;.x,p,.x)) and

(M.y>=min(p;.y,p>.y)) and (M.y<=max(p:.y,p2.y))) ;

function PoInLi(M,p;, p2: Point): boolean;
var VT:typeflag;
begin
VT:= PosPoVec(M,p1, p2);
Exit((VT=0) and (M.x>=min(p;.x,p2.X)) and (M.x<=max(p:.X,p2.X)) and (M.y>=min(p;.y,p>.y))

and (M.y<=max(p1.y,p2.y))) ;
end;

= Xac dinh diém M c6 thudc tia AB
- Diém M thudc tia AB néu M thudc dwong thang AB va AM = kAB v6i k > 0:
F(M.x,M.y)=0, (M.x-A.x)( B.x-A.x)>=0 va (M.y-A.y)( B.y-A.y)>=0

function PoInRay(M,A,B: Point): boolean;
var VT:typeflag;
begin
VT:= PosPoVec(M,A,B);
Exit((VT=0) and ((M.x-A.x)*( B.x-A.x)>=0) and ((M.y-A.y)*( B.y-A.y)>=0));
end;

= Xac dinh vi tri twong ddi gitra 2 di€m M,;,M, so vé&i thang p,p,

function Pos2PoLi(M;,M,,p1, p2,: Point): boolean;
var VT, VT,:typeflag;
begin

VT.:= PosPoVec(My,pl, po);

VT,:= PosPoVec(M,,ps1, p2);

Exit(VT; *VT,>=0); // ndm cung phia
end;

6. Vitritwong déicta 2 thing
- Cho4diém A, B, C, D. Vj tri twong d6i gitta 2 duwong thang qua 2 diém AB va qua 2 diém
CD duoc xac dinh nhu sau:
- Tinh hé s6 A, By, C; clla dwong thang AB.
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- Tinh hé s6 A,, B,, C, clia duwdng thang CD.

- Tinh
a, b —c; b a
<[t Sl
a; bz —Cy bz y az
- Né&u D<>0 thi cit nhau
- Nguoclai

- Né&u (dx=0) and (dy=0) thi tring nhau
Nguorc lai song song

(&)

function Pos2Li(var I:Point;A,B,C,D: Point): integer;
var
ay, by, ¢1, a3, by, Cy:typereal;
d, dx, dy: typereal;
Begin
Extract(A,B,a;, by, ¢1);
Extract(C,D,a, by, G,);
d:=a1*bz' az*bl;
dx:= Cz*b1' Cl*bz;
dy:= a;*c- ax*cy;
If equal(d,0) then

If equal(dx,0) and equal(dy,0) then exit(0) // trung nhau

Else exit(-1) // song song
Else // d<>0
Begin
I.x:=dx/d; L.y:=dy/d;
exit(1); // cdt nhau tai 1 diém
end

End;

= Xac dinh 2 doan thing c6 giao nhau?
a. Thuattoanl
2 doan thang giao nhau néu thoa diéu kién:
- Hai dwong thang qua 2 diém d6 phai cat nhau tai |
- Valthuoc 2 doan thang

function Intersect1(A,B,C,D: Point; var I:Point): boolean;
Begin

Exit((Pos2Li(I,A,B,C,D)=1) and PolnLi(I,A,B) and PoInLi(I,C,D);
End;

b. Thuat toan 2




PO AWN

- Trudong hop cat nhau:
o Daumut cla doan thing ndm trén doan thang kia
o 2 diém cla doan thdng ndm khac phia véi duwdng thang kia

function Intersect2(A,B,C,D: Point): boolean;

Begin
If PoInLi(M,p;, p2: Point):
If PoInLi (C,A,B) or PolInLi (D,A,B) or PoInLi(A,C,D) or PoInLi(B,C,D)

Then exit(true);

If (not Pos2Poli(A,B,C,D)) and (not Pos2PoLi(C,D,A,B)) then exit(true);
Exit(false);

End;

7. Tinh goéc

a. Goc gitra 2 duwong thang
- Cho 2 duong thang: a;x+b;x+c;=0 va a,x+b,x+c,=0

lajay + byb,| . T
cosa = VOl ae [O'E]

\/alz + blz\/azz + b22

la;a, + byb,| = 0 thi 2 dwong thang vudng goc.
b. Gdc giita dweng thang di qua 2 diém so véi truc hoanh
A

- C6thétinh géc nay bang cach dung ham arctan(dx/dy) cé sdn nhung cé vé hoi cham hon nita khéng xét
duoc goc tir [0..360]
- Chuong trinh sau day gilp ta giai quyét cac nhugc diém trén:

function theta(A,B: Point): typereal;
var goc,dx,dy:typereal;
Begin
dx:=B.x-A.x; dy:=B.y-A.y;
if equal(dx,0) and equal(dy,0) then goc:=0




else goc:=dy/(abs(dx)+ abs(dy));
if dx<0 then goc:=2-goc
else if dy<0 then goc:=4+t;
exit(goc*90);

End;




Pa giac
1. Mot sb dinh nghia

1.1 Pwong gap khiic

Mot duong gip khuc trén mat phing gom 1 day lién tiép cac doan théng [A1,A2],
[A2,Az],..., [Ak1,Ak], moi doan thang duoc goi la canh, cac dau mut ctia cac doan thang goi la
dinh.

1.2 Pa giac

S OA

Mot da gidc [a mét duwdng gip khuc khép kin tirc diém A, trung véi diém A;.

1.3 Pa giac tw cat

Mot da gidc dwoc goi 1a tw cat néu cé hai canh khong lién tiép cé diém chung.

1.4 Pa giac 16i

Mot da giac 16i dwoc goi la 16i néu da gidc ludn nam cung mot phia doi véi dwdng thang
di qua mot canh bat ky. Da gidc 16i 1a da giac khong ty cat.




B
D
c W D
B G
C
Pa giac I16m don Pa giac I6m phire
Simple concave polygon Simple complex polygon

. . Da giac Iom-Concave polygon
2. Dinh ly vé bao loi

Vé6i mét tip hiru han M céc diém trén mit phing ta ludén tim dwge mdt con H ciia M
sao cho H la tap cac dinh cta da giac 16i P ma moi diém ctia M déu thugc da giac nay.

3. Mot s6 bai toan co sé

3.1 Tinh dién tich mot da giac

S:% Zn:(xm = X)(Yia + Vi)

i=1

Function Area(P:polygon;n:index):typeReal;
Var
i;index;
S:typeReal;
Begin
S:=0;
Fori:=1tondo
S:= S+(P[i+1].x-P[i].x)*(P[i+1].y+P[il.y)/2;
Exit(abs(S));
End;

3.2 Kiém tra da giac 16i
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- Dwatheo dinh nghia

\\ —— = >
A = --}\N £ /
N —— -
P ] \ o A0
&£ « 2N
B — G B e
~ — -
- ~ ¢ [
C o
O gide don i Da gac don B
Siie SOy polyeon Simolp concave polypon

Ba gidc don-Simiple polygon

Function Convex (P:polygon;n:index):boolean;
Var i,j,| k:index;
Begin
Fori:=1tondo
Begin
l:=i+1; if I=n+1 then |:=1; // dinh ké V@i i
k:=i+2; if I=n+1 then k:=1; // dinh xét cung phia
for j:=1to n do // vét tat ca cac dinh
if (j<>i) and (j<>k) and (j<>I) and (not Pos2PoLi(P[i],P[I],P[k],P[i]))
then exit(false);
end;
exit(true);
End;

3.3 Vi tri twong d6i mot diém va da giac

- Diém thudc da gidc néu diém nam trén cac canh hodc thudc mién da giac.
c. Trudng hop da gidc 16i

- Tathay néu xét cic canh cla da gidc theo 1 chiéu nao d6 thi diém M thudc da gidc néu
nam cung 1 bén (trai hodc phai) véi moi vector canh cud da giac.

Function Inside (P:polygon;n:index;M:point):boolean;
Var i:index; VT, VTi:integer;
Begin

If PoInLi(P[1], P[2],M) then exit(true);
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VT:=PosPoVec(P[1],P[2],M);

For i:=2 to n do
Begin
If PoInLi(P[i], P[i+1],M) then exit(true);
VT,:=PosPoVec(P[i],P[i+1],M);
If (VT* VT;)<0 then exit(false);
end;

exit(true);

End;

d. Trudng hdp da giac bat ky

A

- V@ truc song vdi truc tung vai toa do x=max{cdc hoanh do}+1

- V& doan thang song song vdi truc hoang va cat truc vé bén trén. Ta nhan xét néu sd giao diém véi da giadc
13 s6 18 thi diém thuodc da gidc. Con nguoc lai diém nam ngoai da giac.

- Cactruwong hop cat sau ta chi tinh cat tai 1 giao diém:

. pli-11 Pli
Plil
M N
N PIil Pli+11 N

M

Pli+11 Pli+21

pli+3] Pli+11

Truwong hop 1 Truwong hop 2 Trwong hop 3

Function Inside (P:polygon;n:index;M:point):boolean;
Var

I,count:index; I,N point; Xmax:typereal;
Begin B
P[n+2]:=P[2]; // phan t&r cdm canh. Ta c6 san P[0]:=P[n], P[n+1]:=P[1]
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Count:=0; // dém s6 giao diém
Xmax: =findxmax(P); // tim hoanh d6 I6n nhat cla da giac
N.X:=Xmax+1; // di€ém N

N.y:=M.y;
Fori:=1to ndo
Begin

If PoInLi(P[i],P[i+1],M) then exit(true); // M thudc canh
If not PoInLi(M,N,P[i]) then
begin
If (not PoInLi(M,N, P[i+1])) and (Intersect(M,N,P[i],P[i+1],1))
then inc(count) // trudng hgp 3
Else if not PoInLi(M,N, P[i+2]) and (not Pos2PoLi(M,N,P[i],P[i+2]))
then inc(count); // trudng Agp 1
End
Else if PoInLi(M,N, P[i+1]) and (not Pos2PoLi(M,N,P[i-1],P[i+2]))
Then inc(count) // truGng hgp 2
End;
If (count mod 2 <> 0) then exit(true);
Exit(false);
End;

3.4 Tim bao 16i ¢6 chu vi nh6 nhéit

- Cho tap hitu han M.
- Tim Ht4p con clia M va H |a da giac |6i.

a. Thudttodn 1

- S3p xé&p ting dan theo hoang dd. B&i dinh d3u tién nay ludn thudc tap H.
- H={M[1]}
- L3p lai quéa trinh sau cho dén khi khéng con chon duoc

o GidstrAy A,,...,A la cac diém duogc chon thda yéu cau: véi moi j<i thi tdp M nam cling phia véi
AJ'AJ'+1.
o Tachon A, thda diéu kién: Ai,; chua dwgc chon va tdp M nam cung phia véi AAi;

procedure ConvexSet(M:SetPoint;n:index;var H:polygon; var k);
Var
i,j:index;
dd: array[1..n] of boolean;
Begin
Sort_Y_Axis(M); // sap tdng theo tung do
Fillchar(dd,sizeof(dd),false); // cac dinh da xét
Stop:=false; k:=1; H[Kk]:=M[1]; dd[1]:=true;
While not stop do
Begin
Stop:=true;
// tim diém thda
Fori:=1tondo
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If dd[i] then
Begin
Th:=true;
for j:=1 to n do // vét tat ca cac dinh
if (j<>k) and (j<>i) and (not Pos2PoLi(H[k],M[i],H[1],M[])

then
begin
th:=false;
break;
end;
if th then
begin
inc(k); H[K]:=M[i]; stop:=false; dd[i]:=true; break;
end;
end;

end;
End;

b. Thuat toan boc goéi

* Piém c6 tung dd nhé nhat luén thudc bao 16i
*  po<—min(trung dé);

* W={po};

* Laplai
e Tl po Quét nguoe theo chiéu kim déng hé gap dinh dau tién v
e W=Wuy;
*  po<«v

*  Until v=dinh dau tién

Thuat toan boc goi

function wrap:integer;
var
M, min,i:integer; g,minangle,v:real; t:point;
begin
min:=1; // chi s6 cha diém thudc bao 16i dang xét
fori:=2 to N do if p[i].y<p[min].y then min:=i;
M:=0; p[N+1]:=p[min]; minangle:=0.0;
repeat
inc(M);
t:=p[M];p[M]:=p[min];p[min]:=t;// doi cho
min:=N+1; vi:=minangle; minangle:=360.0;
for i:=M+1 to N+1 do // chon min(g>v) va g chua trong boc géi
begin
g:=theta(p[M],p[i]);
if (g>v) and (g<minangle) then
begin
min:=i; minangle:=g;
end;
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end;
until min=N+1;
exit(M); // nhitng diém tir 1 dén M cda p 1a nhitng diém thudc bao I6i
end;

Thuat toan boc goi

c. Grahamscan
® Chon diém cé tung dd nhd nhat. Néu cé tung d6 bang nhau thi chon diém cé hoanh d6 1én nhat. Diém
nay thuéc bao 16i.
Sap x&p cac diém con lai ting dan vé géc so vdi diém trén.
Lan lugt chon cac diém theo trat ty sap xép
® N&u diém dugc chon khong tao thanh da giac 16i v&i cac diém d3 chon thi 1an lugt bd cac dinh da
chon cho t&i khi 1ap thanh da giac |6i thi théi
Bo6 diém vao bao [6i

Thuat toan Grahamscan

function Grahamscan:integer;
var
M, min,i:integer; t:point;
begin
min:=1; // find min(p.y) and max(p.x)
fori:=2to N do
if (p[il.y<p[minl.y) or ((p[i].y=p[min].y) and (p[i].x>p[min].x)) then min:=i;
t:=p[1];p[1]:=p[min];p[min]:=t;// diém dau tién cta boc gai
pa[1]:=0.0;
fori:=2 to N do pal[i]:=thetal(p[1],pli]); // tinh goc cac dinh so voi dinh 1
quicksort;
p[0]:=p[n];
M:=3; \\ vi tam gidc la da giac |6i
fori:=4 to N do
begin
while (ccw(p[M-1],p[M],pli])<>-1) do dec(M);
inc(M);
t:=p[M];p[M]:=plil];pli]:=t;// bo diém vao bao 16i
end;
grahamscan:=M;
end;

Thuat toan Grahamscan

3.5 Cip diém gin nhét.

Bai todn: Cho tap diém, hay tim cap diém cé khoang cach nhé nhat trong tap diém trén.

M6t cach tho thién ta co thé xét tat ca cac cdp diém va lvu lai cdp diém cd khoang cach nhd nhat. Nhung
nhu vay thi chi phi thut toan sé& [a O(N?). Ta hoan toan cé thé gidi quét bai toan nay véi chi phi la O(NlogN) vdi
viéc ap dung tu twdng “chia dé tri” cla thuat todn Merge Sort (xin doc phan “ciu tric dit liéu va giai thuat”).
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Y twdng thuat todn nhu sau: ta sdp x&p cac diém theo hoanh dd (hodc tung dd ciing duoc). Tai mdi budc ta
chia tap lam hai phan thi cp diém gan nhat s& ndm & maot trong hai phan hoic I3 cdp diém ma mdi diém thudc
mét phan.

* ’ - ’ ] *
. . ) ’
L) - - * L]
. ' . .
Chia dé tri

Van dé |3 phai x& ly trvdng hop mbi diém ndm & mot phan, con trudng hop ca hai diém déu thuéc mot
phan thi d3 dwoc gidi quyét vi 1oi goi dé qui. Ta cé thé sir dung ngay thi tw sdp x&p va khodng cach min d3 tim
duoc duwoc dé lam can cho trudng hop xét trén hai phan. Khi xét mdi diém & nira nay, néu gip diém & nira kia co
hiéu hoanh dd dé&n né khong nhé hon khodng cach min d3 tim duwoc thi ta dirng ludn vi tap diém da duoc sap
theo x.

Nhung nhu vay van cé thé gdp phai truong hop xau: cac diém nam sat hai bén dudng phan cach; trong
trwong hop do, ndu xtr ly khong tét thi chi phi cé thé sé& 13 O(N?).

.
truong hop xéu
Ta giai quyét van dé nay bang cach sip cac diém theo tung d6 y va xét tuwong tw nhu trén. Chu y, néu tai
mdi budc ta lai goi thu tuc s3p xEp mbi nira thi chi phi thuat todn s& 1a O(Nlog’N), khdng phai la thuc sy tét 1am.
Nhung dé y mot chut, ta thdy mbi nlra déu dugc sdp x€p, hon nita cach [am cla ta cling dang dua vao tu tuéng
clia Merge Sort, nhu vay tai sao ta khong sap xép theo kiéu Merge Sort ngay trong thd tuc dé quy ciia minh. Nhw
vay hai cong viéc déu dugc st ly ddng thoi. Chi phi cho bai todn nay giéng nhu chi phi sdp xép bang Merge Sort,
ty & v&i NlogN.
Cai dat thuat toan nay khong khé nhung kha ti mi. Ta bd qua budc sap x&p tap diém theo hoanh d6 x. Dau
tién 1a tha tuc tron hai phan, tiép theo |a thd tuc dé quy tim cap diém gan nhat.
Thuét toan cap diém gan nhat

procedure Merge(l, r: Integer);
var

t: Polygon;

i,j, m, c: Integer;
begin

m:=(l+r) div2;
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i=1
ji=m+1,
forc:=1tor—-1+1do
if (j > r) or (p[il.y < p[jl.y) then
begin
tlc] := plil;
Inc(i);
end
else
begin
tc] = pljl;
Inc(j);
end;
forc:=1tor—1+1dop[l+c-1]:=t[c];
end;

procedure MinDist(l, r: Integer);

var
i,J,j1, m: Integer;
begin
if | = r then Exit;
m := (| +r) div 2;
MinDist(l, m);
MinDist(m + 1, r); {goi dé quy tim min trén hai phan}
jli=m+1;
fori:=1tomdo
begin
while (j1 <=r)and(p[j1].y — pli]l.y >= min) do Inc(j1);
forj:=jltomdo
if p[jl.y — pli].y >= min then Break
else
if Dist(p[il, p[j]) < min then
begin {cap nhat két qua}
min := Dist(p[i], p[jl);
Result.x := p[il;
Result.y := p[jl;
end;
end;
Merge(l, r); {trén hai phan}
end;

Thuét toan cap diém gan nhat

Result 12 bién luu két qua, cé ciu tric gidng nhu kiéu Line. Bién min dung dé lwu khoang cdch nhé nhat
tim duoc cho dén thoi diém hién tai.

3.6 Tim giao diém ctia cdc doan thang ndm ngang va ndm doc

Cho N doan thang ngang hoac doc. Hay tim céc giao diém cta ching.
D{t liéu vao tU file vdn badn GIAODIEM.INP.
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. Dong dau lasé N
. N dong sau mbi dong 4 s6 nguyén la toa dd 2 ddu mut cia mot doan thang.
K&t qua ghi ra file vin ban GIAODIEM.OUT. Mbi dong |a 2 s thé hién toa dd mot giao diém.

Hudng dén:

D3t cac doan thang trong hé truc toa do Dé Cac. Gia sir cac doan thang ndm ngang clng phuwong truc
hoanh, cac doan thang doc cung phuwong truc tung. Dung moét duong thang (A) nam ngang quét tir dwdi [én trén
(tlr d3u mut doan thang cé tung do thap nhat téi dau mut doan thang cé tung do cao nhat). Giao diém xuat hién
khi (A) chira 1 doan thdng nam ngang ma doan thdng ndm ngang nay lai chra 1 diém clla mdt doan doc nao dé.
Diém clia doan thang doc xuat hién trén (A) khi (A) bat dau cham t&i dau mat dwdi cha doan thang doc va né sé
bién khai (A) khi (A) di qua diém mut trén clia doan thang doc nay. Vi vay cé thé dung dit liéu kiéu TREE dé quan
ly hoanh d6 cac dau mut cla cc doan thiang doc (mdi doan thing doc 2 dau mut): Néu (A) gdp dau thap cla
doan thang doc ta thém hoanh dd clia doan nay vao cay nhi phan tim kiém (néu hoanh dé nay nhé hon hoanh dé
nut x vira dung trede do thi nd la con trai cha nat x nguoc lai né 1a con phai cha x), néu (A) gdp dau mut cao cla
doan thang doc thi ta xoad nut 13 mut thap cta doan doc nay ra khoi cay. Néu (A) gdp doan thang ngang thi chinh
13 1tc ta phai tim ki€m giao diém: giao diém |a diém cé hoanh d6 bang mét nut trén cy hién tai cé trong khoang
tlr hoanh do6 nut trai cha doan thang ngang cho dén hoanh dd nut phai clia doan thdng ngang nay, con tung do
cla giao diém 13 tung d6 cla doan doc (rng vdi nut dang xét.

Huwdéng dén cai dét cu thé:

Sap tang cac diém mut cac doan thang theo tung d6 cla ching.

Xay dung hai cdy nhj phan: Cay y chira tung do cac diém mut cac doan thang. Cay x chtta hoanh do cac
diém mut cac doan thang doc.

Xay dwng cdy y nhu sau: MGi nit clia cdy twong trng mdt dau mut clia mot doan thang, dé 1a mot record
gdm cac truwong: dau (cé gid tri bang 1 néu |a dau mut dudi clia doan thang doc, cé gid tri bang 2 néu la dau mut
trén cla doan thang doc, cé gia tri bang 3 néu la dau cla doan thang nam ngang), stt (thudc doan thing thi
may), key (tung d6 cta diém mat), | (cAy con tréi), r (cdy con phai). Mdi khi doc duoc 4 toa d6 x1, y1, x2, y2 clia
mdt doan thang i, thi chén vao cay nhij phan y mat nit tuong ¢ng.

Sau d6 duyét cay y dé xay dwng cdy x va dung cdy x dé tim kiém giao diém. Duyét cdy y theo kiéu trung
tu: vong 1ap gébm cac budc: goi duyét cay trai, xtr ly nat gitra, goi duyét cay phai), khi xt ly nat gitra (trén cay y)
néu gdp nit 1a dau mat dudi ctia doan thang doc thi chén vao cay x, néu |a dau mut trén cla doan thang doc thi
x0a nd khdi cay x, néu gdp nut |a dau mat clia doan thang ngang thi duyét cay x hién tai (duyét kiéu tién ty) dé
tim giao diém.
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