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K3 thuat duyét do thi wu tién chiéu sau (Depth First Search - DFS) 1a mét trong nhiing k§ thuat
tham céac dinh bat dau tir mot dinh xuat phat hay duoc str dung trong cac bai toan vé Iy thuyét
d6 thi. Trong bai nay, t6i khong di sau vao k¥ thuat duyét dd thi uu tién chiéu sdu ma tap trung
vao viéc khai thac cac két qua cé duogc tir viéc duyét do thi wu tién chidu sau, tir 6 co dugc
mot cach nhin tong quat vé cac dang toan lién quan dén DFS.

I-Nhitng két qua chi yéu caa duyét dé thi wu tién chiéu sau (DFS)

Toi s& khong di sau vao code caa DFS ma chi nhic lai mot sé két qua co duogc tir DFS, qua d6
c6 mot cach hinh dung khai quét vé do thi vo huéng ciing nhu do thi c6 huéng. Trén co sd hinh
dung nay c6 dugc mot cach nhin tong hop vé cac bai toan lién quan dén DFS.

1) Cay duyét chiéu sdu DFS

Trong qué trinh DFS, néu véi mdi dinh u ta co dinh prev[u] 1a s hiéu cua dinh ma tir d6 thu
tuc DFS goi dé qui dén u. Xay dung dd thi con vai cac canh 1a (prev[u],u) ta c6 duoc mot
cdy. Cay nay duoc goi la cAdy DFS va cac canh trén cy nay thuong dugc goi la cac canh lién.
Cay DFS c6 thé coi 1a ""bd khung' cua d6 thi, cho mét hinh dung dau tién vé hinh dang cua
do6 thi.

Céc canh con lai thuong duoc V& bang "nét dut".

2) Chi s6 DFS va chi s6 ngwoc DFS

Két qua DFS con c6 ba mang quan trong nira:

e Mang num[1..maxn]: Mang cho biét thir ty duyét DFS cua cac dinh (thir ty ma mdi
dinh bat dau duyét)

e Mang low[1..maxn]: Mang th ty nguoc. Véi dinh u, low[u] la th ty (gia tri num)
nho nhat cé thé di dén twoc tir u bang cach di xudi xudng theo cac canh lién (cac canh
trén cdy DFS) va di nguoc 1&8n khdng qua mét 1an theo canh nét dut)

e Mang tail[1..maxn]: Mang cho biét thoi diém két thic duyét DFS cua méi dinh

Viéc c¢6 duoc hai mang num/|... ], low[...] cho phép phén loai dugc cac canh va cac dinh cua
dd thi v hudng.

3) Thir tw topo caa DFS

Trong thu tuc DFS mdi lan gan num[u] = id ta dit tp[id] = u. Bang cach nay ta xay dung
dugc mot mang tp[1], tp[2], ..., tp[n] cho ta danh sach cac dinh liét ké theo tha ty. Mang nay
con duoc goi 1a mang th ty topo DFS. C6 mét sb diéu dang quan tAm trén mang thi tu topo
nay:



e Céc dinh trén cay con goc u cua cdy duyét DFS (cay nét lién) 13 mot doan lién tuc trén
mang tp[...] tir vi tri num[u] dén vi tri tail[u]

e Dinh u 14 t6 tién caa v trén cay DFS khi va chi khi num[u] < num[v] < tail[v] <
tail[u]

4) Gia Iénh moé ta code cia DFS:
Ta tong két viéc tinh cac mang prev[...], num[...], low[...], tail[...], tp[...] bang thu tuc duoc
mo ta nhu dudi day:

procedure DFS(u);
begin
cx[u]=Ffalse;
inc(id); num[u]:=id; low[u]=id;
tp[id]=u;
for v € ke(u) if cx[v] then
begin
prev[v]=u;
DFS(V);
if low[v]<low[u] then low[v]:=1low[u];
end else if num[v]<low[u] then low[u]:=num[Vv];
tail[u]:=id;
end;

5) Thuat toan Tarjan

Thuat toan Tarjan |2 thuat toan tim thanh phan lién thong manh (c6 thé cai bién mot chuat dé
tim thanh phan song lién thong trén do thi vo huéng):
procedure Tarjan(u: longint);
begin
clfu]:=1;
inc(id); num[u]:=id; low[u]:=id;
inc(sn); s[sn]:=u;
for v € ke(u) if cl[v]=0 then
begin
Tarjan(v);
low[u]=min(low[u],low[V]);
end else if cl[v]=1 then low[u]=min(low[u],num[v]);
if num[u]=low[u] then
begin
inc(slt);
repeat
v=s[sn]; dec(sn);
1tm[v]:=sl1lt; cl[v]:=2;



until u=v;
end;

Mot nhan xét rat quan trong 1a s6 hiéu cac thanh phan lién thdng manh (song lién thong) ludn
cho ta mot thi tu topo DFS trén dd thi ma mdi dinh 12 mét thanh phan lién théng manh (song
lién thdng)

I1-Cac wng dung chinh:
1) Canh cau

Mot canh duoc goi la canh cau trén dd thi vo hudng néu nhu bo canh nay ra khoi db thi thi sb
thanh phan lién thong caa do thi méi tang 1én. D& thay rang canh cau cua d6 thi khdng thé la
canh nét dut vi viéc bo canh nét dut s& khong anh hudng dén viéc "di lai" gitra cac dinh (cay
DFS da duy tri diéu nay). Do vay (u, v) la canh cau khi n6 1a canh nét lién. Khdng mat tong
quét c6 thé coi prev[v] = u. Néu low[v] < num[u] thi bang cach tir v xudi theo cac canh nét
lién va nguoc 1én bang canh nét dt ta co thé di dén dinh u ma khong can sir dung canh (u, v).
Vi hinh dung nay c6 thé thay diéu kién can va da dé canh (u, v) véi prev[v] = u la canh cau
la:

low[v] > num|u]
(Ching minh chi tiét c6 thé xem trong tai liéu sach gido khoa chuyén tin)
Néu bo di cac canh cau, phan do thi con lai s& la cac thanh phan song lién thong - 1a cac thanh
phan § ma véi hai dinh x,y € S ludn c6 hai dudng di khong chung canh tir x dén y.
Nhu vay ta c6 thé hinh dung dd thi vé huéng nhu 1a tap hop cac thanh phan song lién théng
duoc ndi vai nhau bai cac canh cau. Néu ta coi mdi thanh phan song lién théng 1a mot dinh cuaa
db thi ta c6 dugc mot do thi co dang hinh cay.

Doan code dudi ddy cho phép xir Iy cac canh cau:

for u:=1 to n do

for v € ke(u) do if (prev[v]=u) and (low[v]>num[u]) then
X Ly (u,v) nhe La mét canh céu:

2) Binh khép

Mot dinh u duoc goi 1a mot dinh khép (hay con goi 1a dinh ban 18) néu nhu bo u va céc canh
lien thudc voi u khoi @6 thi thi sé thanh phan lién théng caa db thi ting 1én.

Ta c6 thé md ta cac dinh khép bang mang hinge[1..maxn] véi hinge[u] = k c6 nghia 1a khi
bo dinh u va cac dinh lién thudc vai n6 thi sé thanh phan lién théng cua do thi ting 1én k. Tat
nhién néu lap duoc mang trén thi dinh u 14 dinh khép néu nhu hinge[u] > 0 (luc d6 hinge[u]
la bac cua khép)

Pé tinh mang hinge[...] ta xét hai trudng hop:

+) prev[u] = 0. LGc nay u 1a dinh goc cua cady DFS. T4t nhién dé& thiy rang néu cay nay co
hai nhanh xuat phat tir géc thi khi bo gbc di hai nhanh nay s& roi nhau - u 1a dinh khop va sb
nhanh s& 1a sb thanh phan lién théng méi



+) prev[u] = w # 0. Goi vy, V,, ..., v}, 12 céc "con" cua u (tic prev(v;] = u) khi d6 néu nhu
ta c6 low[v;] = num[u] thi néu bo di u khoi d6 thi v; khdng bao gio dén dugc w - dinh u 1a
dinh khop va s luong low[v;] = num[u] chinh 12 bac caa khop

Poan gia lénh dudi day dé tim mang hinge:
for u:=1 to n do
begin
hinge[u]:=0;
if prev[u]=0 then
begin
for v € ke(u) do if prev[v]=u then inc(hinge[u]);
dec(hinge[u]);
end else
begin
for v € ke(u) do
if (prev[v=u) and (low[v]>=num[u]) inc(hinge[u]);
end;
end;

3) Qui hoach ddng bang céch sir dung topo DFS

Chu y rang mang tp[1..maxn] cho ta mot thir tu topo tren cdy DFS (néu coi mdi canh 1a dinh
hudng tir dinh prev[u] t6i u) va tat ca cdc dinh nam trong cay con goc u tgo thanh mér dogn
lién tiép trén mang tp. Biéu nay cho phép ching ta co thé thuc hién cac giai thuat qui hoach
dong trén thir tu nay. Cac giai thuat nay duoc chia thanh cac nhém sau:

a) Cap nhat thong tin dinh cha tur cac dinh con (qui hoach ngugc):
Khéi tgo théng tin tat cd cdc dinh
for i:=n downto 1 do
begin
u:=tp[i];
for v € ke(u) if prev[v]=u then
Cdp nhat théng tin cua u qua v
end;

b) Cap nhat thdng tin cua dinh con tir dinh cha (qui hoach dong xudi)
for i:=1 to n do
begin
u:=tp[i];
for v € ke(u) if prev[v]=u then
Cdp nhdt théng tin dinh v tir dinh u
end;

c) X ly cay con nhu 1a mét doan lién tuc



Dua trén tinh chat cac dinh caa cay con géc u bat ky 1a mot doan lién tuc trén mang tp ta cé
thé dua bai toan thay d6i thong tin trén toan bo cdy con thanh bai toan cap nhat dir liéu trén
mot doan lién tuc. Tir d6 c6 thé sir dung cac cau tric dit liéu cho doan lién tuc nhu segment
tree, binary indexed tree,...

Mot diéu tha vi 1a trong qua trinh code chiing ta cé thé tach thanh hai phan doc 1ap: code DFS
dé tim cac mang can thiét 1a duwa trén cac mang nay phan thir hai xu ly tiép doc lap véi qua
trinh DFS. Nhu vay chuong trinh nhin chung s& dé debug hon.

Cudbi cuing, thuat toan Tarjan cho phép ching ta tim cac thanh phan lién théng manh ciing nhu
cac thanh phan song lién thdng. Hai két qua dudi ddy 1a dang quan tam:

e Néu coi mdi thanh phan lién théng manh 12 mét dinh ta c6 dugc mot dd thi méi - do thi
c¢6 huéng khong chu trinh (DAG) va mang tp chinh 1a mét siap xép topo trén DAG
nay

e Néu coi mdi thanh phan song lién thong trén d thi vo hudng 12 mot dinh ta c6 mot cay
vO hudng va sé hiéu cac thanh phan song lién thong theo thir tw giam dan chinh la
mot thir tw duyét DFS trén cay noi trén



