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class Unionkind:
def init  (self, n):
self.parent = |i for i in range(n)]
self.height = |0 for _inrange(n)] # HEARKDZ X
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def get root(self, i):
f self.parentlil ==i: # BOHIE/ — KDHE
return |
clse: # REEEME L AN IR/ — F&IET
self.parent|i] = self.get root(self.parentli])
return self.parent]i]
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def unite(self, i, j):
root_i = self.get root(i)
root j = self.get root())
froot il=root j; #ELUBFWLWHIIT—
if self.height|root i] < self.height[root j]:
self.parent|root_i] = root_]
else:
self.parent|root j| = root |
if self.height[root i] == selfhaght[root_ﬂ
self.height|root_i| +
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def is_in_group(self, i, j):
if self.get root(i) == self.get root()):
return True
else:
return False
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def kruskal(V, e list):
e cost sorted =[] # BBt CEF|XI N

B — bDI-DICHKBORRTIEBEICT D
forein e list;

e cost sorted.append(|e|?], el0], el1]])

e cost sorted.sort()
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def kruskal(V, e list):

# Union-Find A% £ 5

uf tree = UnionFind(V)
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def kruskal(V, e list):

BBt D/ NS VI D SIEICEERRE T
e[l], el2]EILZIL—TFThH WS L]
ell], el2]lZRLZIL—TI12F 5]
# /N EERIZEN
mst.append((e[1], e[2]])
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def kruskal(V, e list):

#— kL TERR
mst.sort()
print(mst)
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import heapq

def prim(V, e_list):
# edges fromlilld / — Fin o DT R T DI % 10
edges from = [|] for _in range(V)]

#Fbe—7TY—FEINBE-DICEAFRIDODEZRICT S
forein e list;
edges from|e|0]].append(le|2], e[0], e[1]])
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def prim(V, e_list):

e_heapq = |] #be—7

mst = [] # /NI

#t /) — DO ERNEERICAST=-NEIDDTZT
included = |False|*V
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def prim(V, e_list):

#/—F2FT1D0EN A THEWLWATI DS
# /) —FO0ZENZ EIZT B,
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for e in edges_from|0]:
heapg.heappush(e_heapq, e)
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def prim(V, e_list):

while len(e_heapq):
min_edge = heapg.heappop(e_heapq)
#z DL DERESR (/ — Fj) HRFREA 5B
if not included|min_edge|?]]:
included|min_edge|2]] = True
mst.append(lmin_edgel|1], min_edge[?]])
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def prim(V, e_list):

while len(e_heapq):

#/) — KB 210%e _heapqll A5
for e in edges_from|min_edge|2]]:
if not included|e|2]]:
heapg.heappush(e_heapq, e)




7 LR D FEE)
def prim(V, e_list):
#y—FLTER

mst.sort()
print(mst)
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[0, 2], [1,5],[2,3],[2,4],[3, 1], [3, 7], [7, 6]]
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Kahn, A. B. (1962). Topological sorting of large networks. Communications of the ACM, 5(11), 558-562.
Tarjan, R. E. (1976). Edge-disjoint spanning trees and depth-first search. Acta Informatica, 6(2), 171-185.
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V =5 # /) — KDORRE
F=6 # 3 DFRE

# B DB

edges = [[0, 11, [0, 21, [1, 3], [2, 3], [2, 4], [3, 4]]
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from collections import deque

def KahnTopo(V, E, edges):

indeg = [0]*V  # AR ZH&NT 5 ECF

# B NDZRTT HECS
outedge = [[] for _in range (V)]
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def KahnTopo(V,

> hILY — hDE

F, edges):

#ANREE

H NI DGR > IR T 5

for v_from, v_to in edges:
indeg|v_to] +=1
outedgelv_from].append(v_to)
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def KahnTopo(V, E, edges):

#Y— FED/ — FEENT 2E7
#EBAICARBODE DEANTEL
sorted g = list(v for v in range(V) if indeg|v]==0)

# ARIOD / — K %= 4L

deq = deque(sorted_g)
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def KahnTopo(V, E, edges):

while deq: # AXE0D / — KA H RV fE Y R
v = deqg.popleft()  # deqg.pop()TH L Ly
forvh DA BT RNTD ./ — Ful:

E, UDAXREZ1LR DT
if luD ARELAHY0;
luZ deqg& sorted gliC AN S]
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def KahnTopo(V, E, edges):

tE1=0:

DAGICHE>THE BT, T7—%IRT]

return sorted g
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V =5
F =0
edges = [[0, 11, [0, 21, [1, 3], [2, 3], [2, 4], [3, 4]]

orint(KahnTopo(V, E, edges))
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def TarjanTopo(V, edges):

def check(v):
BIETHUOEIESR #BTEE, ]

# /) —KFZ2dTICRI=NE I D ZIBNT DB
#0:ReHM, 14038556, 2 0B
visited = [0]*V

outedge = [[] for _in range (V)]
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def TarjanTopo(V, edges):

for e in edges: outedgele|0]].append(e[1])
sorted g = deque()

#EeTh/) —Fa2Fzvrd5
for iin range(V): check(i)

return sorted g
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def check(v):
T visited|v] == 1:
DAGIZCHE>TWEHEWD T, TT7—%1RT ]
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def check(v):

elif visited|v] == 0:
visited[v] =1 #UEBEFHICT S
for to_v in outedgelv]: check(to v) # EB/Z

visited[v] = 2 # ALIBFICT B
tEIENRh>7Tzn, V— FMEDEEITEN
sorted g.appendleft(v)
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V =5
edges = [[0, 11, [0, 21, [1, 3], [2, 3], [2, 4], [3, 4]]

orint(TarjanTopo(V, edges))

0,2, 1,3, 4]
@%‘@ E
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