Anroputm Axo — Kopacuk

Mérp CmunpHos
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Bop kak Map

Bop (aka npedukcHoe aepeso, aka trie) — peanusaums nHTepdeiica

Set/Map gns kntoyeir-cTpok

class Node:
def __init__(self):
# Aagasum = {0, 1,
self .next = [None] * 26

self.value = None

25}

Ll

root = Node()
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Bop kak Map

Bop (aka npedukcHoe aepeso, aka trie) — peanusaums nHTepdeiica

Set/Map gns kntoyeir-cTpok

class Node:
def __init__(self):
# Aagasum = {0, 1, ...,
self .next = [None] * 26
self.value = None

25}

root = Node()

def set(S, value):
cur = root
for ¢ in S:
if cur.next[c] is None:
cur.next[c] = Node()
cur = cur.next[c]

cur.value = value
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Bop kak Map

Bop (aka npedukcHoe aepeso, aka trie) — peanusaums nHTepdeiica

Set/Map gns kntoyeir-cTpok

class Node:
def __init__(self):
# Aagasum = {0, 1, ...,
self .next = [None] * 26
self.value = None

25}

root = Node()

def set(S, value):
cur = root

def get(S):
cur = root

for ¢ in S: for ¢ in S:
if cur.next[c] is None: if cur.next[c] is None:

cur.next[c] = Node()
cur = cur.next[c]
cur.value = value

return None
cur = cur.next[c]

return cur.value
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class Node:
def __init__(self):
# Aagaeum = {0, 1, ..., 25}
self.next = [None] * 26
self.value = False

root = Node()

def add(8): def get(8):
cur = root cur = root
for ¢ in S: for ¢ in S:
if cur.next[c] is None: if cur.next[c] is None:
cur.next[c] = Node() return False
cur = cur.next[c] cur = cur.next[c]
cur.value = True return cur.value
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class Node:
def __init__(self):
# Aagaeum = {0, 1, ..., 25}
self.next = [None] * 26
self.value = False

root = Node()

def add(8): def get(8):
cur = root cur = root
for ¢ in S: for ¢ in S:
if cur.next[c] is None: if cur.next[c] is None:
cur.next[c] = Node() return False
cur = cur.next[c] cur = cur.next[c]
cur.value = True return cur.value

Bepwuhbl ¢ value = True Oynem Ha3blBaTb TEPMUHATILHBLIMY
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[lovck cnoBapHbIX CloB

[Nano mMHoxecTBo (cnoBapb) WwabnoHOB (CNIOBapHBIX CNOB) Si, ..., Sk 1
TekcT T. Halitn BxoxgeHne xoTsi 661 ogHOro wabnoHa B TEKCT.

e Ve nonyuunn anroputm 3a O(|X| - Y |si| + | T| - max|s;|)
i 1

@ MOXHO XpaHUTb nepexonbl B Xelw-Tabinue, Torga noayymm

O sif + [ T] - max|si)

@ Ho xotum bbicTpee
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[lovck cnoBapHbIX CloB

[Nano mMHoxecTBo (cnoBapb) WwabnoHOB (CNIOBapHBIX CNOB) Si, ..., Sk 1
TekcT T. Halitn BxoxgeHne xoTsi 661 ogHOro wabnoHa B TEKCT.

e Ve nonyuunn anroputm 3a O(|X| - Y |si| + | T| - max|s;|)
i 1

@ MOXHO XpaHUTb nepexonbl B Xelw-Tabinue, Torga noayymm

O sif + [ T] - max|si)
1
@ Ho xotum bbicTpee

e Anroputm Axo — Kopacuk (Anbcpes Axo, Mapraper Kopacuk, 1975)

o Npea ta xe, uto B KMI: nopaepxunsaem Hanbonbwiuii cydpcpukc yxe
NPOYUTAHHOrO TEKCTA, KOTOPLIVi COBNagaeT ¢ npednkcom
Kakoro-Hubyab CNOBapHOro CJ10Ba

@ Ho cHavana Hapo CnoXuTb cnoBapb B YAOBHYIO CTPYKTYPY AaHHbIX —
bop
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Anroputm KMT

S = pattern + '$' + text

k=0
# Hymepayus cumeonos c elduHuupl
for i = 1..1len(S):
while k > 0 and S[i] !'= S[k + 1]:
k = plk]
if 8[i] == Sk + 1]:
++k
plil = k
Yucno k — annHa MakcnmasnbHOro cyddmkca y)ke npoynTaHHOrO TEKCTA,
cosnagatoLlero ¢ npecnkcom wabnoxa

ababa $ abbab
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Anropntm Axo — Kopacuk, cxema

for pattern in patterns:
add (pattern)

cur = root
for ¢ in text:
cur = go(cur, c)
if '''cur cooTBeTCTByeT BXOXIeHuUN''':
# obHapyxeno sToxdeHue

cur — BepwmnHa bopa, cooTBeTCTBYIOLWAA CydUKCY Y>KE NPOUUTAHHOMO
TEKCTa, COBMNaAaloLWEMY C MaKCUMasbHbIM NpedKCOM KaKoro-Hubyab ns3
wabnoHos

Ocranoce:
@ HanucaTb PYHKLUUIO go

@ MNOHATb, KOrga cur COOTBETCTBYET BXOXAEHUIO
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CydbdurKcHble cCbiiku

o CyddukcHble ccblikn — 060buieHne npedukc-pyHkummn

o Kaxpoii BepwimnHe v bopa COOTBETCTBYET CTPOKA MO MyTU OT KOPHS A0
v, obosHaunm eé path(v)

Onpegenetne

Mycts T — bop, v — BepwuHa B HéMm. CycpepukcHas cebinka v (suf(v))
YKa3blBaeT Ha BeplnHy U bopa Takyto, 4To:

@ UFV

@ path(u) siBnsietcs cydpcpukcom path(v);

@ |path(u)| makcumanbHa

Onsi kopHs bopa cydbcpmkcHas ccbiika He onpefeneHa, nosToMy ygobHo
806aBUTL PUKTUBHLIT KOPEHD.
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HausHas peanusauus suf n go

class Node:
def __init__(self, parent, char):

self.next = [None] * 26
self.value = False
self .parent = parent
self.char = char

fake_root = Node(None, '')

root = Node(fake_root, '')

fake_root.next = [root] * 26
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HausHas peanusauus suf n go

class Node:
def __init__(self, parent, char):

self.next = [None] * 26
self.value = False
self .parent = parent
self.char = char

fake_root = Node(None, '')

root = Node(fake_root, '')

fake_root.next = [root] * 26

def suf (node):
if node == root:
return fake_root
cur = suf (node.parent)
while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]
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HausHas peanusauus suf n go

class Node:
def __init__(self, parent, char):
self.next = [None] * 26
self.value = False
self .parent = parent
self.char = char
fake_root = Node(None, '')
root = Node(fake_root, '')
fake_root.next = [root] * 26

def suf (node):
if node == root:
return fake_root
cur = suf (node.parent)
while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]

def go(cur, c):
while cur.next[c] is None:
cur = suf (cur)
return cur.next[c]

3a cuyér gobaeneHns GUKTUBHOrO
KOpHS Kog paboTaeT u ans cinydas,
KOrAa MakcuMabHblii cydduke nycT.

14 /29



HausHas peanusauus suf n go

class Node:
def __init__(self, parent, char):
self.next = [None] * 26
self.value = False
self .parent = parent
self.char = char
fake_root = Node(None, '')
root = Node(fake_root, '')
fake_root.next = [root] * 26

def suf (node):
if node == root:
return fake_root
cur = suf (node.parent)
while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]

def go(cur, c):
while cur.next[c] is None:
cur = suf(cur)
return cur.next[c]
3a cuyér gobaeneHns GUKTUBHOrO

KOpHsI KOA paboTaeT u ans ciy4as,
KOrAa MakcuMabHblii cydduke nycT.

KoppekTHOCTb — Kak B npeduKkc-pyHKLMM.
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def suf(node): def go(cur, c):
if node == root: while cur.next[c] is None:
return fake_root cur = suf(cur)
cur = suf(node.parent) return cur.next[c]

while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]
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def suf(node): def go(cur, c):
if node == root: while cur.next[c] is None:
return fake_root cur = suf(cur)
cur = suf(node.parent) return cur.next[c]

while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]

Kak nocuutatb suf, ncnonbsys go?
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def suf(node): def go(cur, c):
if node == root: while cur.next[c] is None:
return fake_root cur = suf(cur)
cur = suf(node.parent) return cur.next[c]

while cur.next[node.char] is None:
cur = suf(cur)
return cur.next[node.char]

Kak nocuutatb suf, ncnonbsys go?

def suf (cur):
if node == root:
return fake_root
return go(suf (node.parent), node.char)
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go 4epe3s suf n go

def suf(cur):
if node == root:
return fake_root
return go(suf(node.parent), node.char)

def go(cur, c):
while cur.next[c] is None:
cur = suf (cur)
return cur.next[c]
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go 4epe3s suf n go

def suf(cur):
if node == root:
return fake_root
return go(suf(node.parent), node.char)

def go(cur, c):
while cur.next[c] is None:
cur = suf (cur)
return cur.next[c]

Hanuwem go pekypcueHo:
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go 4epe3s suf n go

def suf(cur):
if node == root:
return fake_root
return go(suf(node.parent), node.char)

def go(cur, c):
while cur.next[c] is None:
cur = suf (cur)
return cur.next[c]

Hanuwem go pekypcueHo:
def go(cur, c):
if cur.next[c] is None:
return go(suf(cur), c)
return cur.next[c]
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Torosas Bepcus

HobaeuM memounsaumio:
root.suf = fake_root
def suf(cur):

if cur.suf is None:

cur.suf = go(suf(node.parent), node.char)
return cur.suf

def go(cur, c):
if cur.golc] is None:
if cur.next[c] is None:
cur.golc] = go(suf(cur), c)
else:

cur.golc] = cur.next[c]
return cur.go[c]
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Torosas Bepcus

[obasum memounzaunio:

root.suf = fake_root
def suf(cur):
if cur.suf is None:
cur.suf = go(suf(node.parent), node.char)
return cur.suf

def go(cur, c):
if cur.golc] is None:
if cur.next[c] is None:
cur.golc] = go(suf(cur), c)
else:
cur.golc] = cur.next[c]
return cur.go[c]

KoppekTHOCTb: BCerga obpaliaemcst K BepLUMHaAM, KOTOPbIe HaxXoAATCA
BblLUE TEKYyLLEel.
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3amedaHuns no NoAacyéTy go u suf

@ Memounszauuio B Python MoxHO genaTh ¢ NOMOLLbIO
@functools.cache (HO KOHCTaHTa BpeMeHn paboTbl OyaeT bosbLue)

@ MoxHo noiitn gpyrum nytém: ybpatb dyHkuuu, obolitn 6op BFS-om
1 NOACHUTLIBATL 3HadeHus suf un gol].
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Anropntm Axo — Kopacuk, cxema

BepHémca k cxeme anropuTtma:

for pattern in patterns:
add (pattern)

cur = root
for ¢ in text:

cur = go(cur, c¢) # pabomaem sa "0(1)"
LI I A

if '''cur coOTBETCTBYeT BXOXICHUD
# obHapyreno sxToxderue

OcTtanoce:

@ MNOHATb, KOrga cur COOTBETCTBYET BXOXAEHUIO
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BxoxaeHue cnosapHoro cioea

Onpegenerne

sufpath(v) = {v, suf (v), suf (suf (v)),...,root}. Vinaye rosops,
sufpath(v) = {v} U sufpath(suf(v)) gns v # root n
sufpath(root) = {root}.
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BxoxaeHue cnosapHoro cioea

Onpegenerne

sufpath(v) = {v, suf (v), suf (suf (v)),...,root}. Vinaye rosops,
sufpath(v) = {v} U sufpath(suf(v)) gns v # root n
sufpath(root) = {root}.

VTBepxaeHue

| A\

CUT COOTBETCTBYET BXOXAEHUIO <> HA CY(MUKCHOM MyTU cur ecTb
TEPMUHAJIbHAsT BEPLUNHA.

\
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BxoxaeHue cnosapHoro cioea

Onpeaenexne

sufpath(v) = {v, suf (v), suf (suf (v)),...,root}. Vinaye rosops,
sufpath(v) = {v} U sufpath(suf(v)) gns v # root n
sufpath(root) = {root}.

| A\

VTBepxaeHue

CUT COOTBETCTBYET BXOXAEHUIO <> HA CY(MUKCHOM MyTU cur ecTb
TEPMUHAJIbHAsT BEPLUNHA.

v

Takum 0bpazom, BOCTAaTOYHO MOC/E NOCTPOeHUs Bopa ANs KaXKAoii
BEPLUMHBI MOCYNTaTb, €CTb AU B €& CydpDUKCHOM NyTW TEpMUHAsIbHAs
BEpLUMHA:

v.has_terminal = v.value or suf(v).has_terminal
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BxoxaeHue cnosapHoro cioea

Onpeaenexne

sufpath(v) = {v, suf (v), suf (suf (v)),...,root}. Vinaye rosops,
sufpath(v) = {v} U sufpath(suf(v)) gns v # root n
sufpath(root) = {root}.

VTBepxaeHue

| A\

CUT COOTBETCTBYET BXOXAEHUIO <> HA CY(MUKCHOM MyTU cur ecTb
TEPMUHAJIbHAsT BEPLUNHA.

\

Takum 0bpazom, BOCTAaTOYHO MOC/E NOCTPOeHUs Bopa ANs KaXKAoii
BEPLUMHbI MOCHUTATb, €CTb /N B €€ CY(PPUKCHOM NyTu TEPMUHAIbHAS
BEpLUMHA:

v.has_terminal = v.value or suf(v).has_terminal

Takxxe bbIBaET NONE3HBIM MNOCHUTATL OKaTble CyPUKCHBIE CCbINKN —
CCbUIKU A0 bnxaiileil TepMrHanbHOi BepwnHbl. Hanpumep, 4Tobbl

BbIBECTN BCE BXOXKAEHNA BCEX C/IOBAPHbIX CNOB.
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