Algorithms (2024 Summer)
#8 T BIRYETIEEZ

Ryt

5
il
o
e
y
_DRII:F
G
B\
ity
i

QOO




S HOER

BIEFAZEDE Lo L-1EE &ENMDERER.

DPOWAALFEIRBZEFHENTHAL D |

BOoXUVENS, WHZET @



wmlt

h9ETELE (RIS DFEIB)

DPIZUAT D200 F % m-d L7573 X L DFFR,
NXVWIEAMRE, ZTORRAF->TLYKZTUVEELZRLC
NS WHBEOHERREZEBENBT S

HMERDES BBEREICE S SBZBE TR A > MK S,

(BREMHUUI=L S BRLEEED, NEWLWEELN S LY
KX NEEAEENTWBE DT TH L)



DPDEZEHE (FEIA S D

118)

X EHF

~

wxd DDETEMGRZEERT D.

ETEMmEN DL DITZTNZF]

K| = Waa

=

HCADETEHREZREL T, F

3

=

1L THETEZETS.

kT D



FAXDPD=EZ2 H&

#1 DPT—7 IV Z 85T 5.
#? DPT— 7 )L 28Rt 5 5.

H3IDPF—T7IL EOHBEILICHT LT, 12Ty TOIRIE
THOEDEILDLEBE T EILZHAND,

HA#3Thh -7 &z a— FITEE LIAD.

(DPOEEDOMEN D £ ITHhITTIEHY FLA. HLADT. . . )



> 7Yy BB (giEH, S DOHFE)

nfBOmYIHH Y, ﬁl\/i T DEI &2 DMEDW;, v; T
%éﬂ% ZDEZXEBEIDBMOFIREW &2 Z 70
I ERBEALEE, MEORNOEAMEZRD L. |

BIEZRZAERDPDOZE Z FIZHEL, #H{bL = TEZE,




s
|_

F v Ty VRBRBEO A TABIRTOES
LR BRI E IR Z S

knapsack(i, Wz EED LEAWTH HEHET T, i
DEYMEFCTCEERELILEZDMEONORAEZIRT H D
Ed B,

EHEBoRY (ali]) #EZB I PERIE TOIRE, Thib,
knapsack(i-1, w) & OBERMEZEZEZ £ 5.




T+ 7Yy JEBEDO A BB TDOES

ZEHo@Y (ali]) (Y 527 —XE, ULTFD3D,
ali|Z AN B EwrEBZ 5.

wWIZHBZ WA, ali]z ANaWAD K L,

wizBB 29, alijz An7zAH & W,

ZNIZ & 5T, knapsack(, w)H kK F 5.



>y 7Yy JEIED X -

AEL L T2RITTDES =

=1t

1)

EZ. noteli][w]

-

notelilw]lx, BEX D ERERHAWTH B & &,
FCAHEERLI-BaTOME @E—j(@ﬂl%ﬁaﬁ’é“%.

0 o>n—1F T, wizOhsWE TOER

BNl 2 5.
B AR D E T EE,

YIHBIRAE D

T\O)I

| A

—

|5

M
|__

A

D =)

DITIENE.



X E1

w_limit= 1b
weight = (11,2, 3,4, 1, 5]

value =
note = |

15,3, 1, 4,2, 8]

S A {6 - /=155 D EH

-1 for _inrange(w limit+1)] for _in range(len(weight))]

10



X BB IRZE - /2me D EED

# B)s THUHTEHR

#our i: TR TCEBLI-T7ATLDA YTy X
# AW DT, THlidcur i=5

#courw: ZODERTOEID LR

# &=f]Lcur w =15

def knapsack_rec(cur i, cur_w):
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def knapsack_rec(cur i, cur_w):
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def knapsack_rec(cur i, cur_w):
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if w < weight|cur il:
notelcur illcur w| = knapsack_rec(i-1, cur_w)
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def knapsack_rec(cur i, cur_w):

else: #not_inlE ALY, is_inlZ AN B IGE
not_in = knapsack_rec(i-1, cur_w)
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#FELYRESWHZXEITET
notelillcur w| = max(not_in, is_in)
return notelillcur_w]
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al4]=5 10

91



ZDGHE, UTD3BYHH 5.
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READPOZZ T (H#3BIFEO~T vy BT

INIE, BEET 23000 oBETES,

[ bl0=3  bll=4 | bi2l-5 | bi3-4 | biel3_
al0]=1 4 13 29 38 42
all]=2 5
al2]=3 5
al3]=4 6
al4]=5 10
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READPOZZ T (H#3BIFEO~T vy BT

NHOEILOfEICall]Eb[1] DR (4) ZMZR7T-
HLDT—FENSWVWLHLDZES,

[ bl0=3  bll=4 | bi2l-5 | bi3-4 | biel3_
al0]=1 4 13 29 38 42
all]=2 5
al2]=3 5
al3]=4 6
al4]=5 10
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READPOZZ T (H#3BIFEO~T vy BT

SE0FZEIE, L (0,0) OEZFHEABLT, 4+4=28.

bl0l-3 | bl1l-4 | bi2)-5 | bl3l-4 | blal-3_
al0]=1 4 \ 13 29 38 42

all]=2 5
al2]=3 5
al3]=4 6

al4]=5 10

8
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AOADPOZE 277 #4 30— ML

ZDE BN THREIT L,

dplilljl = ldpli-1]1j], dplillj-11, dpli-11[j-1] & 5 B/
+ [ali] & blj] D BR k]




DTW 33— K43

def dist(x, y): return (x-y) ** 2 # EEBf I —ZE T

il
i

def dtw(a, b):

N = len(a)
M = len(b)
# DPT—7 )L

dp = [|0 for j in range(M)] for i in range(N)]

97



DTW I — 4

def dtw(a, b):

# DPT — 7 L DOF)ERML
dp[0][0] = dist(a[0], b[0])

foriin range(1, N):
dpli]|0] = dpli-1][0] + dist(ali], b[0])
for jin range(1, M):
dpl0][j] = dpl0][j-1] + dist(al0], blj])

98



DTW I — 4

def dtw(a, b):

#DPTF—7IILZIBOH T L
foriin range(1, N):
for jin range(1, M):

dplillj] = min(min(dpli-1]{j], dplillj-11),
dpli-1][j-1]) + dist(ali], blj])

orint(dp[N-1][M-1])

99



DTW 3 — K ZE474]

tril =1[1,2,3,4,5,4,3,2.1,2,3, 4.5
tri2 =1[3,4,5,4,3,2,1,2.3,4,5,4, 3
flat=103,3,3,3,3,3,33,3,3,3,3, 3]
dtw(tril, tri2)
dtw(tril, flat)

10 #til&trizZDTW
22  #trileflatdDTW
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il Etri2 CEITLI-EZDDPT—7 L
| o)1} 2| 3| 4 |5 | 6 | 7 | 8| 9 |10]11 12|
13 29 38 42 43 43 44 48 57 73 82 86

4

5 8 17 21 22 22 23 23 24 28 37 41 42
5 6 0 11 11 12 16 17 17 18 22 23 23
6 5 6 6 7 11 20 20 18 17 18 18 19
4 [ 6 5 6 10 16 27 29 22 18 17 18 22
5 [N 6 6 5 6 10 19 23 23 18 18 17 18
Bl 7 10 6 5 6 0 11 11 12 16 17 17
12 11 16 10 6 5 6 6 7 11 20 20 18
BE 6 20 27 19 10 6 5 6 10 16 27 29 22
BE 7 20 29 23 11 6 6 5 6 10 19 23 23
17 18 22 23 11 7 10 6 5 6 10 11 11
18 17 18 18 12 11 16 10 6 5 6 6 7
22 18 17 18 16 20 27 19 10 6 5 6 10 101



(0.0) how/NDETAERI-ED L,
B 0 N T N T T 0 N A VI

5 8 17 21 22 22 23 23 24 28 37 41 42
5 6 0 11 11 12 16 17 17 18 22 23 23
6 5 6 6 7 11 20 20 18 17 18 18 19
10 6 5 6 10 16 27 29 22 18 17 18 22
Bl = 6 6 5 6 10 19 23 23 18 18 17 18
Bl 7 10 6 5 6 0 11 11 12 16 17 17
12 11 16 10 6 5 6 6 7 11 20 20 18
BE 66 20 27 19 10 6 5 6 10 16 27 29 22
BEl 7 20 29 23 1 6 6 5 6 10 19 23 23
17 18 22 23 11 7 10 6 5 6 10 11 11
18 17 18 18 12 11 16 10 6 5 6 6 7
22 18 17 18 16 20 27 19 10 6 5 6 10 102



DTWTKE - 7= 7#8

RAIMED EZAZE>TW ERTHZRDITHZ &N
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DTWD ETE =

mlt

5)L—7"T, O(nm).
nmlE2DDEFRINT —RXZNZTND:

=,

el

FastDTW & W D MRk TIE, O(max(n,m))IZ7/a 5.

Stan Salvador, and Philip Chan. “FastDTW: Toward accurate dynamic time warping
in linear time and space.” Intelligent Data Analysis 11.5 (2007): 561-580. 104



FNTDPDOZE 2 H
#1 DPTF— 7 I A%t T 5.
#? DPT— 7 )L # 48R %

H3IDPF—T7IL EOHBEILICHT LT, 12Ty TOIRIE
THDOEDEILIBE T HNZHANS.

HA#3Thh -7 &z a— FITEE LIAD.

(DPOEEDOEEN D £ < EITHDbITTIEHY FE8A. HLADT. . . ) 105



=5>DPEECSHDP

IET7
7

7LD RLABEETIEAREWTT A, s ns o
%F@&iﬁbﬂfu%%ﬁ

g5 DP

[ BIREE| & [1 R T v TEIDIREE] H 5
TR TS

B2 A DP
[ HBIREE| Ao 1R Ty THRDIKEE| %
HET 5
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& ) DP&ELADP

KEATHALZ-DIEET [E5DP] TY.

7=7-L, #3Z#ZLU T LHICEZTBmINIL BLADPIC
ZETAHIEDNHEFETT,

#3I DPTF—T7 I EDOH AT LT, 12Ty TDIERE
THDEDEILANBIEZ T IOIN Z2HFHAND,

107



FARDPDZE 2 75

#3BIEZDPT—7 I Eicx vy Y (E5DP)
w5 (EX1, ME2) 2 AN ANBE LA

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

M DGE, 7 DKE]
% ANz Wige, ThEDKE

SOSDOoTB=EWDNEO

103



FRDPOZEZ T v 7Yy 7 TBREADP

SOSDOoTB=EWDNEO

#3' B{F&=DPT—7 N LIy EY S
mib (B, ffiE2) 2 ANn2 AN LD

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

J\ﬂfokb\i% Tﬁg@%ﬂ]

109



FRDPOZEZ T v 7Yy 7 TBREADP

#3' 1 FADPT7T—7 ) EICe vy E VY
2D D+ )bnotelj+1]lw] & notelj+1]w+weightlj] | A2 £,

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Am@mi Tﬁ%@%m

SOSDOoTB=EWDNEO

110



TATDPOZEZR 5 ¢ F v 7%y 7 TBEADP
#4 13— N1t

noteli+1][w], noteli+1][w+weightli]]dD 22 % noteli]lw] %
E->TEHRIT . BHROLDELEEL TKRKEWA
D HT%T .
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KA DPOZEZTT  F v 75wy CBSDP

#4 noteli+1][w]DEFH.
(AN L, AN onaWgEEE2ERT 5 EICHEY. )
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*AINDPOZEZTT L v 7Py 7 TR AHDP

#4 noteli+1][w] D EFH.

# 9 CTllnoteli+1l]w]icH BE (BT —X T TIZZD
#EILABEFRINTWBREENH D) Enotelillw] (AN
#7U, AN WT—X) & &R

noteli+1]lw]=max(noteli+1]lw], noteli][w])

113



KA DPOZEZTT  F v 75wy CBSDP

#4 noteli+1][w+weight[i]] D E .
(AMNBEEEERT AT EICHEY. )

|
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*AINDPOZEZTT L v 7Py 7 TR AHDP

#4 noteli+1]|w+weightli] | DFEF.

# 9 TlTnoteli+1]|w+weightl|i]]IZ & A& & noteli]|w]+valueli]
# (ANBT—X) & &L

T w+weightli] <= w_limit:

noteli+1]|w+weightli]]=max(noteli+1]|w+weight|i]],
noteli]lw]+valueli])
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FANXDPOZEZ T ¢ v 7Y%y TREADP

def knapsack_distribute():
DPTF—7 1@t EIFEHDDPER L)

i 0N BNET, w:0HhH5WE T
/ noteli+1][w]=max(noteli+1]|w], noteli][w])

25D+ L T w+weightli] <= w_limit:

& EH te[i+1][ ht[i]]
_— rgnoaf(rlwote[|\/4\r/1]v[vv$fvve|ght[]] notelillw]+valueli])
116




N7

def knapsack():

for [i: 0N o Y D

for [w: 0A 5

$eEBED R
f iz ANs &k

g1 DOFEZES (Fv Yy 7 TE S DP)

RAEHBZ 5]

noteli+1][w]=noteli][w]

“notelr- w8 A0 558

DARKEWNHH]
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5 ODPEBEADPDZELN

55D
1

P

H

DIV—T TEFHIT HHE

DPTF—7 )LD+ ILx1D.

Bc 2 DP

1

DPF— 7LD ILITEHH

H

DIL—T TEHFHT HHIE

I EF Ty T 5

O T F v II B
) > 5.
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5 ODPEBEADPDZELN

Z ODBETIEEBLLHLRELLEbh AW (1X9) .
AT E>TIEBADPDOIFINEZ NPT LA D,

IR7v7iAbRD &Y, 1ATy7ESGIESD
CUPTNDD,

=7 L, BEBAENZLWEEIZITEE.

119



E > DPvs. B2 ADP

[RIRE

N ANDFHfcENVWET, FHRBICIEL2,...,N EBSHNIRSNTVWET,

FHICERE KBOBRZEATESZEICULELUR, CDEE, Bi(l <i< N)IZDWT, FHINZITIZERADELIE 0L L a; AT TRITNIERD X
Tho Tl BBHBR>TIREWITFEEA,

FHRICEINAEDF RS HERMEITLEIN? 10° + 7T TESRDERD TS W, L. 2BDOFTENERZ &I, HEFHMNEEL.
ZOFHNRITESERDEHNERR DI EZEVET,

Bl

o ANFIXRTETH D,
1< N <100
0< K <10°
0<a; <K

https://atcoder.jp/contests/dp/tasks/dp m 120



https://atcoder.jp/contests/dp/tasks/dp_m

A H5DPTE X % &,

DPF—7JL @ dp
RS 51

e
i 7 ADA

I

1]

b

ERE:

5

DFHRETTT AH

2z Be B I5 5 D

dpli][0]=1: 7 X A0 s FHOKICESTEY HlT1EY
dpl0][j]=0 : FHLICEE 2 FTIZ0E V)
dolil[j]=0T#ER1L..
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A 5DPTEZ % &,

dplil A odpli+1 |3 ~D B TEES 5/,

G
G

C

dpli+1]lj+ali+1]

ol
ol
ol

1][j]
1[j+1
1[j+2.

i+l D FHE(C

L1 DO FHEIC T

D1 D TFHEIT

]

]

L1 D FAHEIC

OEEE S (TFRR)

fc %
fc %

ali+1/1

fics (LEBR)
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A 5DPTEZ % &,

WFEBEDOHAEEZTWADT, dplil[ilich BEZLITD

2TOEIVIZELTHITS,

C
G

C

dpli+1][j+ali+1]]

ol
ol
ol

1][j]
1[j+1
1[j+2.

D1 DO FHEIC T

L1 D TFHEIT

]

]

i1 DFHICOEEE S (FER)

fc %
fc %

i+l FEHEIZali+ 1)

fics (LEBR)
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A H5DPTE X % &,

[dp7 — 7 ILHIERML ]
foriinrange(len(a)): # FHoIIL—7
for jin range(drops+1): # B JL— 7" (drops : BE D)
for kin range(ali]+1): # & FHICEEN 2T DIL—7
T j+k < drops+1:
if (j+ k) == 0:dpli+1]10] =1
else:
dpli+1][j+k] += dplil[j]
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B2 AHDPTZEZ 5 &,
)L — 7 3F 4O Tdrops¥ali]

[dp7 — 7 IL#EAML ] DIENKEL LD ENRY B,
for i in range(len(a)):
for j in range(drops+1):
for k in range(ali]+1):
T j+k < drops+1:
if (j + k) == 0: dpli+1][0] =1
else:
dpli+1][j+k] += dplil[j]
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EODPTEZ A&,

dplil[[]D{BEIZ7 B DI,

—FHi(20H Halilf
5 A E DFRA].

4

pli-1lj-alil]A* o dpli-1]1j] & TOH.
DT X%Bol), ECmFinsinjic
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EODPTEZ A&,

dplil[j]>fEIC 7 % D%, dpli-1][j-alillh S dpli-1][j]1 F T 0.

dolil[i+1]fEIC A B D 1E, dpli-1][j+1-alil]l» &dpli-1][j+1]

dolil[i+2]DfEIC A B D 1E, dpli-1][j+2-alil]l A &dpli-1][j+2]
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EODPTEZ A&,

j-alil "o j ¥ TOA.
j+l-ali] n o j+1
¥ T,
j+2-ali] no j+2

£ TOH.
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EODPTEZ A&,

dplil[j]>fEIC 7 % D%, dpli-1][j-alillh S dpli-1][j]1 F T 0.

Ly< &) EDR

i-1][j+1-alil]l» S dpli-1][j+1]

i-1][j+2-alil]l» S dpli-1][j+2]

129



STEEDLHE

FHDFRIIHN , BEDIBHNAK, S HIlHEFHASTITES
ZEDTEBES Q®FﬁﬁK
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EJFH‘— = @tt%ﬁ&

FHDFLIMDN, ERORMHAK, I HICKEFEHAZITENS
ZEDTEBEED Q®FﬁﬁK

FL2DPDBAE, L—TH32HBDT, ONK?). @

131



ETE =D

FHDFLIMDN, ERORMHAK, I HICKEFEHAZITENS
ZEDTEBEED &®FﬁﬁK

FL2DPDBAE, L—TH32HBDT, ONK?). @

EﬁDRM%&'%?&cﬂ'TE%U,ﬁﬂﬂéﬁwa
B ZEAWET, UREEHEDOLE, L7ch > T,
O(N(K + K)) » O(NK). ©

132



INT =< 2 ADEEER

drops = 10000 # 77X DI
a = (10000, 10000, 10000, 10000] # FHEF

\Uui]
/'
)
T
[H
|
Om
N
|
N

B2 5 DP : 183 [sec]
E S DP : 0.05 [sec]
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TN DPDOZE 2 A
#1 DPF—7 1L %2&it9 3.

#2 DPT—7 IV #HR{L 9 5.

#IDPTF—7NEDOHBEIIZIFLT, 1RTY 7TODIRE
THHOEDELD BB TZE AD2HNS.

HA#3Thh -7 &z a— FITEE LIAD.

(DPOEEDOMEN D £ EITHbhIFTTIEHY EBA. HLADT. . . ) 134



FARDPDZE 2 75

#1 DPT—7 W &ERETT 5.
FIIEea—URTA4 v I RIZLED ST,

#3IDPF—7NEDOHBEIICIFLT, 1RTY 7TDIRE
THHOEDELD BB TZE AD2HNS.

BRSNS B DAH A b%z_f fixft 9 %.

RVEMTT =TIV &EE, BHHDPIZHm-7=2H )
TF—TAEBHTHDIDE LU,

135



[LEL B D EFIL 7

A EINDODLEBmAEZ 5.

Z D1,

EEZROZOBECAERD,

T I AV ERCBITZES 2 TaERLTEL I LS.
FTEDEEORBETIIBITZES & TEXT.

B B

X R DERAECER/IMEZ £

H LT B2 EDmE

BIGEIL, T X Y PARABHICEYES,
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[LEL B D EFIL 7

DPTF—7IILDKZTXIZWERT 5,
TRINAHFEYICHRLSLEDZHEEICIE, LT
WAEEANBR THD.
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>y 7Yy JEE £ D2

nEOmYHrHY, FL4TDESI EZDMED W, v; T
%éﬂ% ZDEZXEBEIDBMOFIREW &2 Z 70
IO ZEEAIZEZT, MEDBMOEXEZKD L. |

(ﬁﬁi EIZFTEEN LD L <AL, )

w PWH LD TLREWL (BIZIL, 1009) 35
(B DT AEY S AEIEW L Y A2 75 Y /J\é_S L\é:T}iE)

— 0(MW)7EDT, WHRKZEWEFTTEANKEZ., @

133



>y 7Yy JEE £ D2

dplillsum_v] = min_w
L
sum_v : {ifE D FEH]

min_w : @i E TANT & TITMEDFER A'sum_viC
15D ER/INDE X DR

EAETHRECBHARND DL HDELILICT 5
EWDERETZ T 5. :@%m,v%musémm@%ﬁ@
ETHE, FTEEIFOMV)E D TERL LD,
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>y 7Yy JEE £ D2

—FEBICEILICA D TELAREEIZZITH ?

O NCHRNOEBEBI DRI OB —XEEZITH B ?

KO BERIZDPT—TILDEZIZH B ?
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>y 7Yy JEE £ D2

—FEBICEILICA D TELAREEIZZITH ?

—> RN ERKOBDEWSIZEE, FTITHDT K
RKEGWEZANTHEZT -0,
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>y 7Yy JEE £ D2

O MNCHwRNDODEBEBI DRI OB —XEEZITH B ?

> mE ANTELT, HOf

e, £TDMEIZE D&/

(AHEANTHENDT) |

B DRI A0IZ R 5

5 = DA E0

\(DE
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>y 7Yy B8 £ D2
KO BERIIDPT—T7ILDEZITH D ?

— [BEXIOBRMO&IBWABZ W] T, dp
DEFEDITICEWT, BERXDEIAW LY H/vE
FEZDHH, |mAKDsum vERBLH D,
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Ys

)(:

QU

5

EUFE

IS & Bt R AR DDPT— 7L

EbbbPoTWBHZ &AL

L —R> 2 a kA kR, DTW

Fc5DP & 5 5 DP

DPICIZBALNNY T — 3 AH5A5DT, HFON
ARTHATLIES W @ L EOhehs
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— KF v Ly EARGRBE#8-a [1.551

>y 7Yy JBEZD2Z7#E L O— K Z b= 7 T
ELNTL S0,
REPRIZEEAB LAY, BIE & EFEBRDEENIE> T

W5 R ﬂ%off<tém

145



— KF v Ly EARGEEH#S-b [1.54]

5DP vs. i 2DPCeET L 7-[EREICH W T, BEADP

Vi 5 ODP/\é:#E\L 3SEIL—T7 A28/ —7|C
LT, BRbEEELCLAEL. (IR ARET
FEEL TLIEE L, )

998244353 DFIRTER 2 KHTL T2 Ly,

BEADPHEEL T, N7 44—V ALK AZO—HILIRIE
TLTHATLITZEE LY,

146



— RF v L v ExtrazBz84#8 [34]

DPAEFESFIE. YO LHI2fFEH & Luh,
EZZTHTLIEE Y,

WSS
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