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5.P0o3p0obunTn 3arasibHe MapkyBaHHA ANd AepeB-naByKiB.



OCHOBHI O3HAYEeHHA:

MapkyeaHHAM Ha epagi G(V,E) Ha3nBaeTbCa QyHKUIA BUrnagy o. VvV ->
N {0}.

[pagp cymu G(V,E) - ue rpad G, y akomy KoxxHomy pebpy {u,v} € E(G)
BIAMOBIAAE BepLUMHA W Taka, LWo o(u) + o(v) = o(w).

PizHuyesuu epag G(V,E) - ue rpad G, y sKkomMy KOXXHOMY pebpy {u,v} €
E(G) BianoBigae BepwnHa w Taka, wo |ao(u) - a(v)| = o(w).



ANropmTMm po3MIiTKN Aepes:

Algorithm 3 Haisuuit anropurv st po3miTku rpadpis-ryceneii.

15| Hosinbno nozuaure jesky sepuuny vy € V(1) nopaToum miauM 9ucjiom .
Bubepewmo v; cyciza 3 vy ta nozuauumo vy 5, ne f > a i # 2a (tak mo o(vy)+o(vg) #
o(vy)). Tenep, ockinbku vovy € pedpom, o(?y) + o(vy) Mae 3’ aBuTHCH AK MITKA JEAKOT
pepmmmnn. BubepeMo cyMI>KHy Henmo3naueny BEePHINHY U9 JI0 BXKE MO3HAYEHO! BEPIINHA

us (uz = vy abo vy), 1 mo3nauuMO V9 3a pomnomoroio o(vy) + o(vy). Tenep o(vy) +
o(us) Mae 3'aBuTHCA Ha MeAKii Bepmmni, Tomy 06€peMo Herno3HaYeHy BEPIINHY U3, M0
CYyMIDKHA 3 BXKE MO3HAYEHOI0 BEPIIUHOIO U3, 1 no3nayae i1 7(vy) + o(us). Ilpomosxkyemo

TAKUM YMHOM: HA KOKHOMY KPOII BEPHIMHA U;41 oTpuMmy€e MiTKy o(v;) + o(u;), ne u; €
€JIMHUM TTO3HAYCHUM CyCclJIoM v. Ko nmo3navaeTnhesa octTanig Bepiinna v, € 1, cyma
o(vn_1) + o(U,_1) posnojinserses i3onboBaniil sepiiuni 2.




ANropmTMm po3MIiTKN Aepes:

Algorithm 4 Asropurm rpada rycemni.

15| [punycrumo, mo koxna sepmnna xpebra s; rpada-ryceni C' mae cronm £, 1 <
j < fi, mo npuisraiors 1o #nei. Maemo f; > 0 a1 <2 <[l —1,a fy = f; = 0 - xsicr
1 TostoBa rycenntil € nuctaMm. Bukopucrosyemo HaiBHMIT AnropuTM, 100 nmosnaanTu

BEPIIUHU B MOPAJIKY: S, S1. 011, E12, ... 17y, S2, 101, 102, Lo gy, S3, ..., S) (3a HUM 2 ).

7 12 95 151 207

2.5.2. I'pad rycinn T' pomapkosanuii 3a AaropurmomMm 4.




Peanizauifa airoputmy po3mMiTKmu CcyMmu ans
rpadiB-ryceHen

1.lMepeBipKka 4M 3agaHa NOCNIA0BHICTb € kogoM [prodepa.

2.[lepeBipkKa 4n 3a4aHa NOCNIAOBHICTb € rPa®OM-TryCceHeM.

3.[1poHYyMepyBaTV BEPLLUVHN, BUKOPUCTOBYHOU MapKyBaHHA CyMIK AN rpadis-
ryceHeu.




ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

import networkx as nx
import matplotlib.pyplot as plt
from collections import defaultdict, deque

def is_prufer_sequence(seq):

Tests whether the given sequence is a valid Priifer sequence.

A Priufer sequence for a tree with n vertices is a sequence of n-2 numbers, 'FCH‘" nﬂdE in E'E'q:
which determines the structure of the tree.
degree[node - 1] += 1
Parameters:
seq (list): A list of integers representing a Prifer sequence.

for node in seq:

Returns:
bool: True if seq is a valid Priifer sequence, False otherwise. found = False
L] - +
if not isinstance(seq, list): for 1 1in Pange(l-‘ n 1)
raise ValueError("BxiaHi paHi mawTb 6yTu cnuckom uinux 4ucen.") if dEEI"EE[i ! —— I

]
degree[i - 1] -= 1

if not all(isinstance(x, int) for x in seq):

raise ValueError("Yci eneMeHT crucky MawTb G6yTW Uinumu umcnamm.") degree[node - 1] -= 1
if len(seq) == @: found = True
raise ValueError("MocnifoBHicTb He Moxe 6yTH MOPOXHBOW. ™) break
n = len(seq) + 2 if not found:
for node in seq: return False

if node < 1 or node >= n:
raise ValueError('Yci BepuuHu B nocnigosBHocTl [pwdepa mawTe 6yTH 6inbwi 3a © 1 MeHwl 3a n.')

degree = [1] * n return True



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def prufer_sequence_to_tree(seq):

TN D

Converts a Priifer sequence into a tree represented as a NetworkX graph.

Parameters:
prufer_sequence (list): A list of integers representing the Priifer sequence.

Returns:
G (networkx.Graph): A NetworkX graph representing the tree.

(LRI

if not isinstance(seq, list): R e

n = len(seq) + 2
else:

raise ValueError("BxigHi pgaHi mawTb 6yTu cnuckom uinux 4ucen.")

if not all(isinstance(x, int) for x in seq): . . . ) . . . .
. R . N raise ValueError("HegocTaTHA KinbKicTb enemMeHTiB Yy MOCNifoBHOCTi ANA cTBOpeHHA fepeBa.")
raise ValueError("Yci enemeHTW cnucky MaioTb ByTu uinumm sucnamm.")
for node in seq:

if node < 1 or node > n:

raise ValueError('Yci BepwuHM B nocnipgosHocTi MMpwdepa mMawTe 6yTu 6inbwi 3a @ i mMeHwi 3a n.')

if len(seq) == @:
raise ValueError("MocnifoBHicTb He mMoxe ByTH MOpOXHbOK.")

if len(seq) >= 2:

n = len(seq) + 2 degree = [1] * n

else: for node in seq:
raise ValueError("HegocTaTHAa KinbkicTb enemMeHTiB y nocnifoBHOCTi AnA cCTBOpeHHA ae degree[node - 1] += 1
edges = []
for node in seq: for node in seq:
if node < 1 or node > n: for 1 in range(n):
raise ValueError('Yci BepumHu B nocnipgosHocTi [pwdepa mawTe 6yTn 6inpwi 3a O if degree[i] == 1:

edges.append((i + 1, node))
degree[i] -= 1

degree[node - 1] -= 1
break
u, v=[1i+ 1 for 1 in range(n) if degree[i] == 1]

edges.append((u, v))

return edges



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def is_caterpillar(edges):

"""Tasts whether the given list of edges represents a caterpillar graph.
A caterpillar i1s a tree in which the removal of all leaves leaves a path.

Parameters:
edges (list of tuples): List of edges in the form of tuples (u, v), where u and v are vertices.

Returns:

bool: True if the graph is a worm graph, False otherwise. if not leaves:
wivn return False
if not edges:

return False .
while leaves:

adj_list = defaultdict(list) new_leaves = []
degrees = defaultdict(int) for leaf in leaves:
for neighbor in adj_list[leaf]:
if neighbor in degrees:
degrees[neighbor] -= 1

for u, v in edges:
adj_list[u].append(v)
adj_list[v].append(u)

degrees[u] += 1 if neighbor in degrees and degrees[neighbor] == 1:
degrees[v] += 1 new_leaves.append(neighbor)
) : if degrees[leaf] != ©:
leaves = [node for node in degrees if degrees[node] == 1]
degrees.pop(leaf)
if not leaves: leaves = new_leaves

return False

remaining_nodes = [node for node in degrees]

if not remaining nodes:
return False

if len(remaining_nodes) == 1:
return True
if len(remaining_nodes) == 2:
return degrees[remaining_nodes[@]] == 1 and degrees[remaining_nodes[1]] == 1

return all(degrees[node] == 2 for node in remaining_nodes)



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def find_caterpillar_backbone(adj_list):

mran

This function finds the backbone nodes of a caterpillar graph based on its adjacency 1list.

Parameters:

adj_list (dict): The adjacency list representation of the graph.

Returns:
backbone_nodes (list): List of backbone nodes found in the graph.

degrees = {vertex: len(neighbors) for vertex, neighbors in adj list.items()}
leaves = [node for node, degree in degrees.items() if degree == 1]

nodes = []
for leaf in leaves:
if degrees|[leaf] ==
degrees[leaf] = @
nodes.append(leaf)
for neighbor in adj_list[leaf]:
degrees[neighbor] -= 1

for vertex in adj list:
if degrees[vertex] == 2:
nodes.append(vertex)
vertexes = list(adj_list.keys())

backbone nodes = [x for x in vertexes if x not in nodes]

return backbone_nodes



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def mark_caterpillar_graph(edges):

ININ]]

Marks the vertices of a caterpillar graph based on the given edges.

Parameters:

edges (list of tuples): List of edges in the form of tuples (u, v), where u and v are vertices.

Returns:
dict: Dictionary with vertices as keys and their corresponding labels as values.

UNIN]

if not edges:

raise ValueError("The edge list is empty")

adj_list = defaultdict(list) label = {}
current_label = 2
for u, v in edges:

for i1, node in enumerate(backbone):
adj_list[u].append(v)

if node not in label:
label[node] = current_label

adj_list[v].append(u)

backbone = find caterpillar backbone(adj list) AT T

if not backbone:
raise ValueError(“"3agaHi pebpa He dopmywTb rpadp-ryciHs") sum of Edj labels = label[nude]
for neighbor in adj_list[node]:

label = {}
current_label = 2 if neighbor not in label:
for 1, node in enumerate(backbone): label[neighbcr] - CUPPEHt_lEbEl

if node not in label:
label[node] = current_label
current_label += 1

current_label += sum_of_adj labels

largest_neighbors = sorted(label.items(), reverse=True)[:2]
label[max(label.keys()) + 1] = largest _neighbors[@][1] + largest_neighbors[1][1]

return label



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def draw_graph(nodes, edges):

o

This function draws a graph using NetworkX library.

Parameters:
nodes (dict): Dictionary where keys represent node names and values represent node numbers.
edges (list of tuples): List of edges in the form of tuples (u, v), where u and v are vertices.

Returns:
No explicit return value. The function displays the graph.

e

G = nx.Graph()

for node, number in nodes.items():
G.add_node(node, number=number)

G.add_edges_from(edges)

pos = nx.spring_layout(G)
nx.draw(G, pos, with_labels=False, node_size=2000, node_color='skyblue', font_size=16)

labels = nx.get_node_attributes(G, 'number')
nx.draw_networkx_labels(G, pos, labels, font_size=12)

plt.title("rpad")
plt.axis('off")
plt.show()



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen

def sum_mark_graph():
cntn = True
while cntn:
seq = input_to _number_list('BeegiTb nocniposHicTb MNpwdepa (4epez komy): ')
while not is_prufer_sequence(seq):
print('MocnipoBHicTb, AKy Bu BBenu, He € nocnipoeHicTw MMpodepa’)
seq = input_to _number_list('BeeaiTb nocniposBHicTb lMpwdepa (4epes komy): ")
try:
edges = prufer_sequence_to_edges(seq)
labels = mark_caterpillar _graph(edges)
draw_graph(labels, edges)

except Exception as e:
print(e)
choice = input('3anyctutn anroputm we pas? (Y/y, Akwo Tak i 6ygb-wo iHwWe, AKWo Hi):')

if choice.lower() != 'y':
cntn = False



ANropnTm po3mMiTKn cymu ans rpadiB-ryceHen
Ana nocnigosHocTi MNprodepa: 4,4,4,5

[pad-ryciHb 3aAaHnN MapkyBaHHSA CyMU A4
nocnigoBHiIcTHo Nprodepa: 3a4aHOro rpada-ryciHa:

NP7 N




3arasibHa Ppo3MiTKa pPIi3HULI AN OJINBKOBUX
AepeB




3arasibHa po3MiTKa pi3HuLUI ana rpadiB-naByKIB




BNCHOBKW

1.ocnigkeHo OCHOBHI BAAaCTUBOCTI rpadiB cyM i pisHMUEBUX rpadis.

2. locnigXXeHo CTBOPEeHHSA MapKyBaHHA CYMU A9 HACTYMHUX POAUH rpadiB:
NOBHWX rpagi., gepe. (3ipkn, 6i3ipkn, rpadu-ryceHi).

3.ocnigKeHo CTBOPEeHHA MapKyBaHHA Pi3HULI ANns HACTYMHUX POAVH rpadi.:

NOBHKX rpadiB, Aepes (3ipkn, bi3ipku, rpadu-ryceHi, oN1MBKOBI AepeBa,

rpadun-naByKn).

4.PeanizoBaHO aNropuTtm AN MapkKyBaHHA CyMu rpadiB-ryceHemn.

5.CTBOpPEHO 3arasibHy PO3MITKY PISHULI 419 OINBKOBUX AepeB.

6.CTBOpPEHO 3arasibHy PO3MITKY pPi3HWLUI Ana rpadiB-naByKiB.
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AAKylo 3a yBary!



