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Union-FindA< 0 32 3£ 43

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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Union-FindA @ 3245

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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Union-FindA< 0 32 3£ 43

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)

# RN EEARODERFTHY X b
mst = |]
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def kruskal(V, e list):
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ell], el2|&#RILCZ7IL—TI12F 3]
# &/INEERIZIEN
mst.append(lel1], 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,
included|0] = True

i

K

#/—FOICEERE T A2 T —TICANS,

for e in edges_from|0]:
heapg.heappush(e_heapq, e)
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def prim(V, e_list):

while e_heapaq:
e heapgD R A L EREDIDZEY) HT ]

f [ZDWDENESL (/ —F)) AERFAREES]:
/= Fj&FBEICT 5]
msticZ DO %E ANS]

/= Rjih o EUNE 20 %e heapqll A1 5]
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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)
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def prim(V, e_list):
#y—FLTER

mst.sort()
print(mst)
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RKENLDH DIE2D.
KahnSADRELIZDH D,
TarjanTADIRELTZDH D,

SHIZZD2DOFIBICHEBNE L TWE X9,

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. 100
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while)b =7 %3kT7T=-H &, 725> TWABIILDH HI5E,
DAGICZZ > TWE WD T, T7—%1R7.
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Kahnd kR ALY — kDEZA

V=5 # ./ — KO

F =56 # 3D DFEL

# A ML DR

edges = [[0, 1], [0, 2], [1, 3], [2, 3], [2, 4], [3, 4]]
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Kahnd kR ALY — kDEZA

from collections import deque
def KahnTopo(V, E, edges):

indeg = [0]*V # AXRE &N 5 ELF
# B NDZRTT HECS
outedge = [[] for _in range (V)]
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def KahnTopo(V, E, edges):

# AR E R ITADIEHR & EIET 5

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

111



Kahn® kR

I — hDS

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)

30

9~ % 7= Ddeque
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Kahn® kR

I — hDS

def KahnTopo(V, E, edges):

while deq: # AXE0D / — KA H RV fE Y R

v = deqg.popleft()  # deqg.pop()TH L Ly

30

forvh B DEANBTRTD/ — Ful:

E, UDARE = 1E» T ]
if ludD AREIAN0]:

luZ deqg& sorted gliC AN S]
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Kahnd kR ALY — kDEZA

def KahnTopo(V, E, edges):

it E1=0:
#DAGICT > TH BT T T —
return None

return sorted g
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Kahnd F RO HILY — kD EITIE RS

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

orint(KahnTopo(V, E, edges))

0.1.2 3 4 ng
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Tarjan® k1~

1

>~ hILY — b DEHR

/) — FZ1D&FEWY, DFST/E->TWW L,

FICEDLEWEZAETEREL L b,
eRY Loy — FEDIGZTIC
FEEDBIEICAN TN,

TNEETD/) — KW Fzvy
SNBFETHEYIRT.




Tarjan® bR~ HiLy — b DETH

) —FRCHhHREX— T3 (E2HhABRAEX—FLTHEL) |
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Tarjan® bR~ HiLy — b DETH

DFSTITII 2 &£ 2 A X TITL. ZEIIEC>EET-o7ET 5.
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Tarjan® bR~ HiLy — b DETH

EDHL L7z, ERY L, V—FFIZANS.
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Tarjan® bR > HiLyY — b DETH]

7272 L, FEBRICENL TWLh <.
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Tarjan® bR~ HiLy — b DETH

£7., —ETHipMELIz/ — FNIFsEREICT S
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Tarjan® kR

H

S hILY — k DEITH

THDIDDFSTUWS T ENTEDIL— A DD,
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Tarjan® bR~ HiLy — b DETH

BRY Lah vy, FHEIEML T,

C D E 123



Tarjan® bR~ HiLy — b DETH

NUERERNG WD T, RED/ — DI OANBET 5.

C D E 124



Tarjan® bR~ HiLy — b DETH

H

Dz, / — FAICEEIT 5.
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Tarjan® bR~ HiLy — b DETH

EFRICDFSL, v — FEIZEML TW L,

C D E 126



Tarjan® bR~ HiLy — b DETH

EFRICDFSL, v — FEIZEML TW L,

B C D E 127



Tarjan® bR~ HiLy — b DETH

EFRICDFSL, v — FEIZEML TW L,

A B C D E 128



Tarjan® bR~ HiLy — b DETH

INzRYERL, 2T/ —F2HMEICHEDLETYS,

A B C D E 129



Tarjan® 7@ > LY — |k

DFSH{T-> TWAKRFRT [WVEBAR| o/ —F2EHE
EANDZ ENDH - T

RIEETHFORRICEVWTI TIZTHINTWS / — F %,
HEANTWAZ EZERLTHEY, ZNIETEBEIEFAE
’d_%) CRE L TWS,

DAGIZE > TWEHEWD T, T7—%i1RT.
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Tarjan® b RBa > HLY — b DFEEHF]

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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Tarjan® b RBa > HLY — b DFEEHF]

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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Tarjan® b RBa > HLY — b DFEEHF]

def check(v):
T visited|v] == 1:
DAGIZCHE>TWEHEWD T, TT7—%1RT ]
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Tarjan® b RBa > HLY — b DFEEHF]

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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Tarjan® b RB Y HILY — b DFEEHF]

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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RO ALY — DO ES

Y — b OFREWN R E 2 IEKahn D 7 }l/:| ') XAODi Awhile
I—"7, Tarjan® 7 /l/:')XAd)i 12 2B 7;%;,

ADNENTIZT Z 7HDAGTH S%mE, 2TCDH/ — kK&l
IEm4 1B LATF vy INEL,

£ ->7T, Oo(|V| + |E).
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NROY ALY — D AA

P TF v 7
BRZZ77ICEWTCRERAS ALY — FTELD T
BE, EIMNICEEAEET S (AR T T 7IC
HmoTW3B) |

REFEERZARNTEIET LI LIEHLNS.
JAY 7 FPNOETXRVIER
L RICHBITA 7477 OKREFERHER%R
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NROY ALY — D AA

DAGIZHE W T DR ZKD 5.

NRAY ALY — k2 RT
V—FIEIC/ —FZRTW
RADEIR 2 KD D T ENT




NROY ALY — D AA

5D/ —FuhoHB30TEL->TWSE S/ — Fold,
HT <K 5.

FNRBAY ALY — MERICEWLTuL Y HERICE

~ JCHILY — Hﬁ RIEIC
%ENTbMﬁ SF vy
5/ — K| 7\’)T<%ﬁ"\§f't%
SN A TRREIZTE - T
|l£9 T, %@/—l\ A
:I:EQf) BEICETE SN T WA
AN

\l|_

< N

(VDT 3F O\ %
NETNE A Y
6‘“9—#&




DAG T D&% K 5 0 — ]

def shortest _path DAG(V, E, edges, start vertex):

# T A RO AHILY — N FFEIT
# O— FlIgidhdD X7 4 K=,

sorted g = KahnTopo(V, E, edges)

T not sorted_g:
DAGTHWLWDTI 7 —%KRT]
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DAG T D&% K 5 0 — ]

def shortest _path DAG(V, E, edges, start vertex):

# ) X Z#{ERL
edge list = ||| for _inrange(V)]
for u, v, weight in edges:
edge listlu].append(|v, weight])

# =FEIPEE T IRIT S S U X~ DFIERML
dist = [float('inf)] * V: dist|start vertex] = 0
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DAG T D&% K 5 0 — ]

def shortest path DAG(V, E, edges, start vertex):

# b RBpYhILYy—bT/—bSNKLIBICS/ — %
#RTWE, distaEHT 5.

for u in sorted_g:
if distlu] = float('inf’):
for v, weight in edge_list[u]:
if distlv] > distlu] + weight:
distlv] = distlu] + weight

return dist
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DAG T DO FIZRE A KD A

V=5
F=0

edges = ([0, 1, 5], [0, 2, 6], [1, 3, 8],
2.3 2] [2 4 5] [3 4 1]]

rint(shortest _path(V, E, edges, 0))
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~RAaY ALY — b TDAGD RFGHL IR &

?&b%}:b% @DJF/%— =
~ARB Y ALY — FEE ROV

By R e S e DP & o T?&b%% 7T

S N7lElC

J:’)TL__

ol F v 7 21N,

ZHo(V] |E|).

oA bhETHO(V] + |E).

XA VAN ZELIYHENS t?b\ﬁﬂ/iT§ 5,
DAGTHWEEZWT &2

ET).

>

361'3

—E
/0N

& ) — R

S LY — b

72T L3

SN2,
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SHDFE &

/NS
7 7 XA HhJILE, Union FindZx
7 U Lk

~REO ALY — b
Kahno 7L 31 X /s
Tarjan® 7L 3 X s
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AZEGEH -9 [1.545]

|
—
\l_
X
.
\/
\
'—EII

N-Find K Z ==& (Z

A4 FTEEHR L 7zUnio
ELTLIEE W,

X7
7 ANILERES

/IﬂJ

Union-Find Rz > TL A WEE(IFRD 5 NEWD T,
FELTLIEE W,

TBE Tl olEos~Union-Findkoa—F#x#f#E-TH
%wiﬁh
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— N F v Ly EAREERL-b (15K

Kahn® bR A

:/“jJ)l/‘/_ I‘%?

HFEIEE/NC

Tarjan® k7R

deque, heapgZz{&

mAHLHIICLTKL

hILY — bk IZ

ESEC S PR GEGY A=Y WY
72 Wy,

O LILEEA.

ILTCHBEVWEEA.

=

=
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AEME LT — 2, 7TV XLICET S HEE

SkaN|

-Xtrazs
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HoRE e

SH

BAEF : 7/31 12:5654 4, 13:05F%, 14:A0tBfEELFE

BRI - 804

=5 | TFEb2S5EEARE241, 2428 EF %= FiE.

%A, BEZIEELFIOTCHFHEBEFDLTI L,

FHIAAIIERD TEA.
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lmli

[E2] ARG BRXBREHE

HARSAEE 2 FERTAFEDAIFTEE, UTDOT77r—F
ThRIZFZLTLEE W,

https://Tforms.gle/7XdDFwtKsbol kWS68

A ZHABR : 7/12 24:00

DOV —PMICEIZLTUWEWESS, HiREHAEBROZER
HERDEWZ EHDHY FT
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https://forms.gle/7XdDFwtKsboLkWS68
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