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Artikulace

Definice (Artikulace) Artikulace v grafu G je vrchol, jehož
odstraněńım se v grafu G zvýš́ı počet slabě souvislých komponent.

• Hledáme tzv. single-point-of-failure body
• Nap̌r. switch v śıti, uzlová stanice na železnici
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Naivńı p̌ŕıstup

• Který algoritmus nalezne komponenty slabé souvislosti?

• Můžeme spouštět DFS pro graf G bez každého jednotlivého vrcholu.
• O(|V | · (|V | + |E|)
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Podḿınky pro artikulaci - kǒren DFS stromu

• Pokud má vrchol DFS stromu alespoň dva nepropojené podstromy, pak
jde o artikulaci

• Pro každé voláńı DFS poč́ıtáme počet navšt́ıvených podgraf̊u
• Při hledáńı potomka jdeme pouze po nenavšt́ıvených uzlech
• Zvýš́ıme počitadlo pro každé voláńı DFS
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Podḿınky pro artikulaci - vniťrńı uzel stromu

• Vrchol u je artikulaćı, pokud má potomka, ze kterého nevede hrana
zpět do nějakého p̌redka u

• Poťrebujeme časové značky, kdy vrchol otev̌reme
• Použ́ıváme low-link, podobně jako v Tarjanově algoritmu
• Hrana, kterou jsme se dostali do uzlu z rodiče neńı zpětná!
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Pseudokód
function Articulation-Points(graph)

index, lowlink ← empty 1-D arrays; time← −1
for all node ∈ graph do

if Unvisited(node) then
Depth-First-Search(graph, node, null )

end if
end for

end function
function Depth-First-Search(graph, u, parent)

children ← 0; Mark-Visited(u)
index[u] = lowlink[u] = + + time
for all edges (u, v) do

if Unvisited(v) then
children← children + 1
Depth-First-Search(graph, v, u)
lowlink[u]← min{lowlink[u], lowlink[v]}
if parent ̸= null ∧ lowlink[v] ≥ index[u] then

Mark-Articulation(u)
end if

else if v ̸= parent then lowlink[u]← min{lowlink[u], index[v]}
end if

end for
if parent == null ∧ children > 1 then

Mark-Articulation(u)
end if

end function 6



Př́ıklad
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Most

Definice (Most) Most v grafu G je hrana, jej́ımž odstraněńım z grafu
G se zvýš́ı počet slabě souvislých komponent grafu G.

• Obdoba artikulaćı pro hrany.
• Opět hledáme single-connection-of-failure
• Nap̌r. riziková spojeńı v ethernetové śıti, silničńı śıti apod.
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Podḿınky pro most

• Hrana {u, v} je mostem, pokud z v nevede cesta do žádného z rodič̊u
vrcholu u

• Hranu {v, u} za tuto cestu nepoč́ıtáme!
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Řešeńı pomoćı časových značek

• Opět použijeme čas otev̌reńı a low-link
• Aby hrana {u, v} (expandovaná z u do v) byla mostem, muśı být

low-link vrcholu v věťśı než index vrcholu u.
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Pseudokód
function Bridges(graph)

index, lowlink, parent← empty 1-D arrays
time← −1
for all node ∈ graph do

if Unvisited(node) then
Depth-First-Search(graph, node)

end if
end for

end function

function Depth-First-Search(graph, u)
Mark-Visited(u)
index[u] = lowlink[u] = + + time
for all edges (u, v) do

if Unvisited(v) then
parent[v] = u

Depth-First-Search(graph, v)
lowlink[u]← min{lowlink[u], lowlink[v]}
if low[v] > index[u] then

Mark-Bridge(u, v)
end if

else if v ̸= parent[u] then low[u]← min{lowlink[u], index[v]}
end if

end for
end function
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Př́ıklad
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Děkuji za pozornost.
Čas na otázky!
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