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XIE—RRER DAG HNBRERMHPEES RS/MNEIEA R WITF

IR —RFFR DAG EHIBR1Z 15 B 447558

RO E B S I

'

&m?,x&#%%%%ﬁ%%mﬂﬁﬁaﬁﬁnmyL%ﬁ&ﬂﬂu$iﬁ%?a
AT XA £2 O(npoly(log S)) B 9] K 4t 47 DAG 34 /245 6. 44 H i (FEFnAmARE, S A DAG
958125 4K, poly(x) A FATF x 095 X) FHRET XL A HBEH, FH S8t
FH@ME R .

5l5

£ O, R% 6 B&S AT LA 295 A1 DAG B2 M- 1RSI |-, BREARRTELE. %
WEEARF IR 8. 25— 1 DAG EREAES RIS BRABISLMH, X2 F Ak —%
BHERIHR E Q) 4 bits B, A CERT %2858 0 DAG (B ARLE ALK DAG
R R, WEREZHI) . AXEBENE T AT O(polylogS) (Hrh § Kpgie
BHO I REAT DAG B2 15 B4 1 =R . DAG $#14) A FF AT R Fa it
A K, DAG WA MSEIE NEE, BEMRELRAS, £ Ol HAR A Sz A
O TR A48 0 S0 08 T 1 5 5 FRE AR ) T 4 TR 18 %5 ) 8 4% B AN s B
MERERCRT: P A 203 3 (B [ 5L 2 g 4% open B (HEI{LH O(log S log ¢) 19 L FiF B
Bk s R BREae), B H T e % R 5 AT B L4 (X B E
IR BT DAG 0] USRI ZELR4E ), 5 —texl L) 8 f2 g i E

AIFE VN BT DAG BR 1215 B 4E 3 3 A RS 7Y, FZFIRIAAT DAG ##514)
AL FF AL R R AT 0 4 B 3 = Fh . BTN T X — R T RS .

1 BEAKiER

SATE K n D EE DAG (A S HLH IR, %555 i < i< n) FRH BZE SR
HEFL, RHFE G B i B IESMRUA ¢, EHE j R HIEE IR Jo

'DAG BI M EH B, # Directed Acyclic Graph B S
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A

Rk AERE DAG EIUIREZERUERIRIRE R MERE AR WY

VB AR A 1 £ RN 0 MBR 2 BRI - SR HE R — i O 5 RS
FHRME—), BHFEF Pl <i<§) (FR S NlEFMFHHREBED.

A q REH, FREEEES L R P A SBUER.

BT DAG R8It 2n, 1<n <105 1<k<10%, 1<¢<10%

2 B

BT k< 10%, RFEIRE DAG M0 108 &4, sk, L@ Oom) 1 DP Riid
%ﬁ&ﬁﬂ%&ﬁﬁ%%&%ﬁ(#ﬂmwﬁmm,%Bﬂﬁ%DPﬁ¢$m”%ﬁ:%
Sh, EEEE IR 108 MOEE L2, FERTENIM A B R E TR
Ri—2 k. XK, REHES <10 [iER.

i, RS ERREEEGA EREER R 2 M.

AR HTHIAA S > no

2.1 DAG ##|45

% DAG B — R (R, BIEASABEARRL 1), T8 4R wT A Bk 7 4
PELER.

&m%ﬁ?ﬁmﬁfﬂﬁ~ﬁWEMGt=ﬁﬁ%&ﬁ#?%%ﬁn'ﬁuﬁﬁﬁﬁm
B AANECH £, HENENEEY% nx, NG P fERKHES GFE A UER—
ﬁwO%Mﬂ,wm%uiﬁﬁﬁ%%%%ﬁ,%%ﬁﬁim%ﬁ$hﬁﬁkmﬁﬁimﬁ
ATSE pre;.

ﬁﬂuqv%ﬁﬁ%ﬂﬁ%v:maﬂu:mm;ﬁm&ﬁﬁiw.M%%%@m%¥
SRR EE GANESE) M.

H#58 DAG FIHE—BE py o py— - — pio B f, B, by B TR TRENRE
LI i = pists S > 2fps B 2k, <y, PEDA—RROL, MR EELH Ologs)
%&Ril.

@M,ﬁﬂﬁﬁMl&ﬁ-ﬁ&:ﬁmﬁﬁﬂ%%%ﬁ%ﬁﬁﬁm&ﬁ%%,ﬁﬁﬁ
BEFALER R EA, BIAZE O(n + qlog S logn) 1A (O(n) ZSME)D PR EICHHIAE CHE
RE FHMlP .

231 IRk

H5z b, 2 ERE P2 R T = XORETS (1], SIS BLE — B ILE O+
qlog§):
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R4S DAG _ERIBIRESHEFEE FESUMEIESEE BUTSF

NTEZNE®Eq 5> g iBwi=fi—f, (XB fie1 =0; ABGRAE, B
Egi=1

FRBUTHAMBEEET - XWEH: HFRA (L U<r), ICH AR A%
WRI<i<r B23 w2 5w BBUNG i CERTENE i = D, #456TFH59%N
L) A0 [i+ 1, r] BRI R HEXTEN w, FIALFRE7E — SR EFI4 & & 89 LCA.

0w NEALREENNE, v AR E, MORBEA SMERELS LK LCA,
M LCAGu k) IR =48, MIAE = B =4 8 2 FEED N LCAGw, k) R v 76— 4 1156
.

EERMvITHE, BRALE2S, w, GFRAZESLBE (ENTR v 2HUTF: v 2
T EEDLEISN) . T LCAG k) £ TE | BEFRAASEIL £ Fl, —40E5EN
O(log 72:—).

W12 LIORTH B, WMBTEREN £ - fin AT ST F R THEM . JAfi—
FHBEREN OogS)-

& splay #1 treap S PATR b LB T ERI T 28R, AR EER,

2.1.2 2.1.1 EfeiastEr-

MG (BT ZXE4E I8 O(nlogn) - 0(1) X ALEEE E) %4 DP FikbearLl
£ O(nlogn + qlog ) MMM R Py Py, -+, P 45 SAUERIMMAME (LA RIHE — sty
NEARHE P EXEEE) M. Bk, AR OUE A S 0 22 1 B b,
AX R EHEIC KBRS BRI [a) B (A B Ay .

MPRR B EREEEN. Bl KGR0, BTl R M
T A4 B8 R AF LA BERE 2 O(log S)-

BRwi=fi— fin 5by B xi=h—hy GXE by =0).

HREUT AR X D TFRE LA U<r), BRFRY SRR I<icr A

22;:; wiz 2w d=1 (mod 2)
25052 S d=0 (mod2)

(K d AAHTH SR MBI i CEREENR i =D, #4546 T8N [Z, 1]
AL+ 1, r) ERAGE R WAE =X LR SRR o M v 78 = UK - A00E 8, Hrb 4
FENKATERONE, v B ESOME.

ERE u 2| LCAu,v) FIEEBA Y Olog 15—): X RBAM u FHEEH FE 4 4 h,
W FRAE LB CPIEA 2 N A d NBE, ST LR 2.1.1 948D, Xt v Bt
T FTAR AR (B30 MEREREY 0log L + log i), MITIHTH & -
EEFEEARIT O(logS).

SEAh, MT R BRI IEEE, KT £ b 4RI B AT 3 R B
1] O(log S ).

(1)
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IR DAG LAY (EMLEFERE PEERSMEIEAE BITF

Fit, mF#EHEK, H4EPNESBONR R, SHIEHE BIT HEA RE LS.

2.2 TAIHANFEER

Aigiik DAG WHRIh PP r 2 e E E ., a4 A i BRUTIFKMTEBEER
5 ;o

SR, WMFHERONGESL Qi=(()): MTHEA2HER L Q=08 (Q6, ®06,)
(HH Ae B RN A M B i, a® B N7 B HIBATGEFKIEN a BEINFID.

RAVUES 0, T EEAMBHLG SPUERM. X, RARE O(logs) WIEATLLF JUF#ERIE:

1. BHERADMCERET S (BEF,. B8 NFF:

2. H—AEFIMATA CEM L EE;

3.4k BE—ANFIIRIEE k T,

e fEE PR Y. BT EERERERTEE, BRIOFE—FAH parent 185
4% O(log §) {9 FA B, Bt4bLL WBLT (Weight Balanced Leafy Tree [2]) Ay (WBLT H1&2
BT size (SRMAAX T, AVL B, 4 BMEEIRD.

Bk, B—MTHERE a e ©1-2), WBLT ZEXEH—EXH: S Ak
R—ATEE X Leafy BI85 ), BN IEHY SHFEL FHELA TR size K
F i size () o 1% WA EAT LR —EXEER. X8, RIAVANYS QRR e, I
TEFAT AT — AR T RN tag.

SHF#RME 1, REHMEE WBLT #7535 81E. Bikih, BEA&IHMAR WBLT A 1 B
(A ik 14| = |B])-

1. % |A|F0 B B HERBIL ¢ = L2, NATUUEEHE—ALLA M B AKL THE R1E
NER.

2. 550, # A A TR B &I size R A £ TMET ¢ f5, TTUEBMANET
B B &R EE I,

3. N, TTH A BIE TR A AL TFRA TREH (X831l size Z AR
), I A BELTFIA TN B &3 CX—8MaLbga), FRRREHNEREH
(X —3b P4 14 size Z HKLHLE O(1)).

194N 5 F& 35 PR size HoA R %000 WBLT E4E N 0(1). i TH &I A2 24,
B HIBERERAIL OlogS) GE—HH, R8T Oflog ). 74+, FmsaT LARIA
= E AR, TTAT R MR TS 2 RRIC A A, MITTUE/N pushdown BT W #L.

St FHME 2, REBUURY AR ag: A T#AIE3, AIm T3,

LR 2N O((n + q)log ), BB N O(nlog S)-

0225 EEFRMERPEEREVBARI 4



EIE—2F DAG LRVBSEERUPEE BRMEE ’ETSF

22.1 WBLT 8-

L, BEIHS, WBLT (FIHE—SPERD s RRE: 4% 4 WBLT A
ﬁ%ﬁkaawyﬂ@ﬁﬁwm:sﬂcﬁmﬁ%A%%k%i%ﬁ%ﬁhk&ﬁ%mﬂ
f] WBLT.

Rk, HEATE T#AUE A SREFMRESBH TR (AN B AET
MRERBRI TR (HAT O, BRENBKR L&HFPTEE BRI C. BTF&EXFY
(X1 2 YD BFIRFER Ollog B, % SERI S BRI BIE ST I BE A O(log S).

BZ, BRTFAIGH. £REHNEEER, TRHALTERBTRFIRR (4R
A X EHESMX E ), X B A X 6 R 7 B R 1. RS2 F1 P AGIX ).
S0, HTEMBAER, ATHALTRERER A DAG SRR,

222 HEXWHe

ATEUR L, BN SHIBER 0 28 2 ) DAG 7454 ES& 4T — el A fL Leafy Tree.

X SR E AR R B R YRR D B AT UL B B4 DAG SKIRFF B 3 705 5 4
A T4 F AT p e T Ll %=

FARM, 52 LA v BIREE dep, UL v MR S A KB R IH . ¥ A, B &H CH,
H%&C@Aaﬁm,Muk=mummﬂmgn=%A%%%&C%Wﬁﬁ%ﬁ$%ﬁ
ﬂ%m(@Eﬁ%ﬁﬁﬁ@%ﬂﬁ¢ﬁ¢ﬁﬁWﬁﬂ%&%ﬁﬁﬂ%—ﬁhWﬁﬁﬂﬁB
M C B FLEMNEHERTE H, RATTLLRIE max(dep,, dep.) < dep,. B O(q) KFEH| &3
FFFIBIRE dep REBit g, BT AHE N O(q®) (g FERfER¥D. XBILF| THILTF
ﬁ-@ﬁqﬁ%%%@%ﬁﬂﬂﬁﬁaﬂ&@hﬁ$¥iﬂﬁﬁ%$ﬁﬂ%ﬁ%ETDM]
BRI .

HE5h, 2.1.2 IG5 DAG B 54 EH AL BRI th 7T B (E R AE DAG FERR 1251
MEXTEHMEE “F4” #—4 DAG.

23 RERSRIFH

HIEHIR AR L, FELE S | PR BN K R ES .

&%#ﬁMﬁﬁEﬁﬁﬁﬁ%ﬁ:Eﬂ%ﬁfﬁ,%ﬁshmﬁﬁﬁﬁﬁmq,%sﬁ
E%2ﬁﬁﬁ%ﬁﬁ%ﬂ@ﬁﬂiﬁﬁm%ﬁt(K*E*ﬁ%gﬁﬁﬁmkﬁfﬁﬁa

%ﬁ@ﬂﬁ?ﬁﬁﬂ&rﬁmﬁﬁﬁwﬁ?¢#ﬁmﬁﬁ$ﬂgi%MFEW%WAﬁ
P HIRIEE SR

LR — N PFIRI R > k 7 < k RPN H 1951

2. B FEIRFTE T EMNL k;

3. A H BB —ANE 155
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ik —25T% DAG TS S BUER NI AR MR TTT

FI P e rax e g, HR4E 1 A0 2 &P L.

T 3, ZRAFEANFES A, B By, BEFF Crpeso 1,20, p+ s R
P AR LB L, ] B8 Cll-- - ) TEESRTR TR —AFS (A BB . WAMRIEER =57
A T TR AR AR B O(rlog q) EAREIE.

BTk, RIBEH  EFARSHET O((n+ g)logS):

TR Ar, & XA ISR 17 log2 + Auy — A). RIBBHAIESR AAREN
mﬁﬁm,ﬁﬁlﬁgtﬂﬁﬁmom%ﬁﬁﬁ¢2$%&ﬁ%ﬁ,ﬁﬂ%ﬁﬁ¢3¢%
BEZ /D> Q@) — O(log S):

EREFFF] A, B Brg JAFAE Cropes t MRER KK RIH C R (1, 7 W7 < L
B i<l

Bd, =y - ERBBAEAOELE

-1 =2
A=) 10g(2 + iy = 1) = D 108(2 + bz = 1) + O(log S)

i=1

i=1
=2
S.% Z{log(z +di) +10g(2 + di1) — 210g(2 + max(d; +d.1, 1))) + O(log S)
i=1

=2
5}2- Z(log(z + min(d;, di1)) — log(2 + max(2 min(d;, di.1), 1)) + O(log S)

i=1

<0(log §) - Q(1)

B AARSBITHEE R INE, #A L5 O((n+q)logS)-
d, BAIEF T —4 O((n + q)log S log g) B 7] O(n + q) B HIHE.

24 5

FFE 2.2.1 AT A TR SRR R OFFIAIE. FAIER. £RN. AR
W) LR ERIEF fE— 9K DAG, FF4RMIFY Aot 4ed T Ei. AT RURER, HIEK
RETARISE . SRMAIAK. BE52, THEANTFERATERDREFHHRERE
W) A — AR L H N E.

B R, FERARSFOMNBRERE LR Ologslogg) (BREIFRNIE
A% E ROEGE), TR AMCEER A Oog 5). F% b, ESACARMABE, &
B X 75 1) 0 2 S B EER s DAG T RELL (5 IR BIELR A I (B2
SRR = kA < k BITTR A BT k TR ARTD T A o,

o022 EERRMTEFEEREILT 6



MB35 DAG _HIRE SR ol REBNEEA AT
3 NMH

3.1 IR IRRHEp

fR¥% 2.2.2, ¥ DAG F{E AT HE A ML Leafy Tree AT LA 8 b SCHL A 51 8L HUR 7 51) 4 3
fE.

3.1.1 BiRE 1

A n N, YIERE i NFFILE S — 3.

AT q WBAE, BUCHULF=F2 —.

L T, EETREFNEHFIRHHE,

2. BRPANFS, BRI CHE RN k TR AT RN (b A8
P B B 1 e s D

3. W RS SIR S, % 998244353 Hufs,

RIE1 <n <100, 1<gq<600.

3.1.2 fBURE | #Rsk

RO RATIRAE 2, W) BARET LASED R4 75 51 ch AN S0t BV R P, 30
"R On).

HRAEA 2.2.2 PROfE: MTEME2, RODATR FRONY, BHKELLE S
GILFE B RAEN 2 A size), WA ERIETTUBHE N O(g) A THRIE: Tid
HEIEIRBEA 0L +n) XN size B O(q) 4 bit; @K w B 32 58 64).

BERER Ong® + g)o

32 EREBHN ENNA

£ Ol TRBEIET, FHEMIL (SAM) &b i 207 s F 1 Bk

R, MTFHEL LMTHES, ZESHTBTES PHINAESES, 0
Wmuﬁ?$ﬁmr.mzﬁmiﬁﬂﬁﬁﬁﬁﬂmﬁ,m$ﬁ$ﬁ%Rp%ﬁmmﬁ¢
BHIBRTEEN, SRR P (SR — 1 SRS 0% 5B SRR

%xﬁmmmﬁﬁ%%umrﬁsm¥$bmﬁkﬁmmyammezﬂra%sM?$h

M SAM MK A A BiL¥Ch 0(S|) BAFFE O(S|) HISLEHIE R P AT EZHEL AL

EEE S WARAFRTHALMA ENFSRHROBE— 5. dk, RIVBAR
AT R BFALR T FIBDHL LB RAE R, AT 7T DL Mt b B 6 M 5 48 0 S T L e
BRF 1
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HI—E5% DAG LRIERIZEBUHPIEE AR I

3.2.1 R 2

5 | 69 UOJ Long Round #1 D £ 2 (B& 2 T AU EMIHTI).

ghop i § FIBA a,b. MT S BITEH T, TS PHINANAEEN R H
5E X F(T) = IRy| Lier, bis

s i WR B AS - -

f#iF 1 <|S) € 5x10°, FREE 26.

3.22 R 2 ML

@S MRS EEM P AEEAIN G, AN PSS (HE G HEITE
£, B fELRAEN: ML R G ik L f 1AL

{$ /1 DAG #1433 54 AR 4L 5 BT RN B m] A2 0 19 A

AR SR ) R A 24 AT AR A SLICE,  BALAT 0(IS|log IS D) - O(1) ) ST & LCP Bl
Al

323 fIRE 2 i

H5L |, SAM ARKBZERA O(S) % (MELS MATEES). ETx—tR, FEE
i L R B

1% SAM HIFTE BZRIT, SBH—BRE o(s) 1Y R (A s FIESREH
B BERTEHIAR Y TR A 1 — & B LT 45 S BUE A, A — 7, IXEess X
= SAM 4 .

SRR B R PR A O R R AR R AE B L BRI, Ak, XM TRER
L LR IR 1 A, H BT R T IR, ERA RSO RE AR K A Gl
AT BB A AR 1 b)), ES B RSO E .

WGP PR, R4S 9 A sl L UvET A KA T B sWURITE, & E
BET B o(S) N AMES IS FER . EEERER LT a4 2 = /) el

BEIEE O(S|+ q)-

(A — SRR, JELER R R H I 40 5 48 1 BB AR A RATEMIF 19 GV [3]), XK
SR N AN ERALAC A0 R E R R T R AR T — AN ROL A

Tzt B R FEAE S 4 8 ShALIISS H Mol IE & R FRdk, BRETTHh R
Mt DAG #1471 .

* [LULR #1] 4T+ 5 %, https:/fuoj ac/problem/577
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B
5

L)
A

%

A2 DAC LIRS RUPEsE BFMNEE SR BT

324 HIRE 3

BE—Rn D EM mieS. BXS HIFHBA—K AT F RS =/ E

q REW, GRGRE K RS Bk NOAERE T 584885 R Gl A
WithE, KWW TR ENE 7% ASCI B2 A1)

RIE1<ng<10°, 1<k<10°, F4E 26,

325 f5IRR 3 R

SRR SAM. RAfHh, REBEER T Bk AT & BAR 60 2515 % R [ 8 M 5 i
trie, MES BN G K right &5 T 194 5 ——2F R,

TERREIH L SAM Mt Sk 8 2 0T A HRAT,  FLIER SAM AIIAE T fE kB n|g),
HA Z AFRE. RIE [4] [5) [6], ELEELE trie - BFS MM F SAM Bk nz| B, &
WEEH A RBEE I : 258, Qo7 CUAHET BN SA 8T, BETHE G, BRAR
B O(nlogn + n[Z)) (—%#, FIF DC3[7) AR BRI 0T LU log ).

g G J5, MBI s — S A AR, EHE =R A BRI =R 5k Ay
itk LA DAG 1936, HEELEN On log n+n|Z| + g log® n) 3% O(nlog n+n|E| + g log n).

32.6 fIgE 4

R H RIR A UOT ik BAE T #1 C Ji 3.

BERKAn PFRHES Mm A S HTEEERS,

1 q IR, UK S B9— TP AR R F.
fRE1<n<4x10° 1<m<10% 1<qg<105, 24K 26.

327 PIRE 4 fR%

XS RYEREDY G MR EHM P, 30 G 7 DAG &4,

HESHTFET, THRREFEREN RS T 16 SAM FXERIAIZ 2 v LU v Fir %
RE R IEN. H—SH, REH Py FURMBZ LS o BE v FREW
7] KB A $ BT,

MTBRENR, JUIETSEME AIPNBE L, Hit HEE FHA%E AT
.

HIEMAEENL: XE$ I DAG BT Onlogn) HIBIAIERE O(1) sk 75 LCp AJ L
2] O((n + q)logn).

FIRENERN] R A mE, https://uoj.ac/problem/697
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AT DAG LINESEEBUHPIAE SN RIS

HRERG: AT H MR, A DAG HHIT o, WATHAEI . X T MR,
A L4 ] B, P 2 T L B0 45 JEP A7 DA B, AESRRRAR R R R B0 ) — 4R
=8

i8] & 44 FE A O((n + m)log n + qlog® n) L O((n + m + q) logn) (5 A A AL 2R B R AR
i1 LCP A95CEL) .

33 RRERJLESEZ
MigE L —KEHLy = 2x (a,b e N, ZERZHS 7 A x+y EFABIH—4
X, g4d— %ﬁ@%?ﬁt&*&kﬂi~’|\z& [ET—&RERITFK— B (HLIBR,
MI4EiE A L B), M SEE —AN (A, B) IEREVAE (0 a = 3,b = 2 W75 5 ABBAB).

Rk A F B HBRA—ALBETE (B 0(1) TEIHIERED, MTREIJLRRHEN
Hir R M AR R R TR .

e BER SN ETERE R (0,0) - (a.b) (EAAEF). HEEEREDT:

Agidka>b. idt=2], MESHKAENA FHE#EAE + 4~ B. R EFPH T
AB BHR A, SASTAPEEAM B R T AR (¢,y) = (Ly-1x). BHit, Rf4
A’ = AB'. d =a—th, BTTHEABIAAFMBE YRR EEEN 0loga) KA
JR Il R

£ DAG f6k FiREE. Bk, 49— DAG, VAW A, B. SRR
—AEC, MAMB#EDY, BEFa>bWASBeCa—a-bBULACbeb-a
HEa=b M.

TEE B DAG WA BT Re ik BIMRE MR AL EED Oa). X B, RATH 175 RS04 4
Ma—a—b (8 b« b—a) BfEthit, BITTH5EBBEIEE O(F log maesd) = O(log(a +b))
(Hh g, b REIABERET T a,b).

FheRU LR BSR4 1 AB 558 &iX 5k DAG % DFS WL TF 5 B B AR 24
R B ER], BRI — R R R 005 BRELEAR 24 T 1X 5k DAG X5 A AT #F AL Leafy Tree EHX
. B5RI. BEARERKLESAE (R YL, ai mod b B minj_, ai mod b) #f
T LA B R i B, b, f5BhIX3 DAG, IRAITTT LA R — LRI L R AR A K
BUONE RIS

33.1 f5IRE 5

BLRE LOJ LY 73 HERR L AR HER AR 4.
o 5 TEXSHL n,m, | FIA/NAERIT 10 O RE A, B. R X0 ATBU,

1<n,ml<10%,

'https://loj.ac/p/6440
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EN—2E DAG LR ERMEREEm FEEUMEEFE BT

332 fIRE 5 #EE

BIRHLK y = 2 x X AB 7 5.

FFIERE M, VIRN M = 1. WFFINE ML BIFE, MBS A 54 M = MB;
TBE|— BHBERMLE M H4S M = AM, NRAERIAFR, EEIFIIH—K
mﬁﬂmﬁmﬂumﬁ&muwﬁ%=EﬂAE@ﬁABm%&%xY,M%ﬁBW%@
%%WLXUY#éxzquzwx,mk,ﬁwﬁﬁﬂu&ounﬁﬁ,ﬁmﬁﬁﬁﬁﬁ
RERR 1 HL.79 B3 ) X 1) i A B T Aot e B8 )

333 fHgie

B E RIEN CTT 2021 Day 4 T3 (BS 2= T AL ERIES).

BE—Kn DR REFRE, Hh i M +d)mod n 2B}, 8 i AN 0 W
B = Wigg e

Wit BAEAT q YA AR SRS B BRI SR SR s I PR Bk AU 7

1<d<n<10 1sm<2x10% 1<w <400, 1<q< 105

33.4 P5IRE 6 W2k

HO R, Bl ged(n,d) NARL, TiARARGTFRHE m fb.

B, ARSI ED — RIS ER. B o) KEM m MR, RE
TRARHE AR AR BERI IR M) B RIERA CX BB RBETER N 4 2x2 B E R Bk
A BRI ), P YT 3 o 4o 28 BO BN 77 .

%ﬁu%%t%%ﬁo%%m.Eﬁﬁgtﬁﬁﬁy=yuemmn#ﬁEMﬁﬁ%&
JLERRRZHIFFIR DAG: BEEP— M x, AR x MFRRBE. 855034k
N2 x2 R, HiBE 1A% x=(x—n)modm, HiAE— N B4 x=(x+d)mod m, [A
FRESATA0 2 x 2 J6FF 5 w, R AE B A, M ETE G ERERFNER (RN
x VHEX AR HEOGHT— X A ARIE, 2B3EnEE,

Wﬂ%@@%ﬁﬁﬂﬁ%l%mﬁﬂxlﬁﬁﬁﬁx%ﬁﬁﬁ%&Luwm—1Wﬁﬁ
XA TR LR E R B0 2 % 2 S50, LIR— MM d £ x B3 %K SR, 75Kk
ﬂi%ﬁ%ﬁmmDNSLDPwuommyﬂm&mﬁ%ﬁﬁﬁwﬁﬁﬁﬁ.Mﬁiw%
FIHHEE.

BRI A T4 DAG BR#2(5 S IO IX A 3#); 7% DAG OUH O(logn) A, i
Eﬁﬁ?mﬂ%ﬂﬁﬂmm%mmﬁ%gEﬂ%iﬂ@%iﬁﬁ@ﬂﬁ%%ﬂ%ﬁﬁm
LEM: BT x OVMERE, X—W0ERERE m).

BRI O((m + g)logn).

2022 ERERMCEHEEREBILYT 11



d’ﬂ,’h‘-‘%
)

iR DAG FRVBEFEERLEPRE EIE/MENE S BT

B

A AT DAG B4 . FTHRE AR AR 2 H3F =Rk, JF A& 73
s Ol ME MR . sk b, EEF DAG Bag WA 5 i iH e E At
£, REOER, CPEMRERNESHRERENZEANRALEFE - PieH. aF2
AR AR BIIMAE S| KIOMER, A ERNEARE AL .

R

R o R T SR S S AR PR 2D R 6

B E R VI A BB R BV

R BER RIS TR A -

AR S, SRBEIN. R EIM A AE FEA TR D).

R RS AR, R RO RS BRI R AR
WA 2. BHFEY. TIRER%. WRERRFFARIFR.

AL B A BT S % 1 1 BRI R

i -0 2 o H S AR R R R 1 A3

SE Tk
[1] 3EFE. GRER EMERE) | 1012019 HREVIBALIT, 2019

2] EBF. (Leafy Tree RHILIMAIALT-HH ) . 1012018 E &I 83T, 2018
[3] #ilEF. (REESHEHREZHI) . 1012020 EREYIBN R, 2020
[4] XIBFE. (EEEEHEF IR LIRR) . 1012015 BREIIBNLRIL, 2015

[5] J. A. Blumer. Algorithms for the directed acyclic word graph and related structures. Ph.D.
Thesis, Denver University, 1985

[6] A.Blumer, J. Blumer, D. Haussler, R. M. McConnell, A. Ehrenfeucht. Complete inverted files
for efficient text retrieval and analysis. J. ACM 34(3)(1987), pp. 578-5 95

[7] J. Karkkainen, P. Sanders, S. Burkhardt. Linear work suffix array construction. J. ACM
53(6)(2006), pp. 918-936
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BRRAE

<>
L= o
E—fRf DFT FNFERSHSER TIPS B
¥ —f%H DFT
VUMZEE P 2R EEACMP 2 B
i E

MG EARRAEGLFERP L NS/ 2, ALt 4% DFT #7487, A& b4
I RBEAARE B A% FE LKA,

1 FHRE X K5

1.1 ERAMEMEZE
EKLLﬁ$—¢%%Gﬁ*r:ﬁ%%WGxGﬂG.%ﬁA&Gﬁc-El%
*EC=AXB1';'£E:

C= > AWBG)

wlxy)=v

AABSHMC=A+B 2.

C(v) = A(v) + B(v)
TR AT AR B = cA H R

B(v) = cA(v)

AXRAE o) HRAREBOEL. " TBHA:GoC, AXA, 5 AG) EUH
7]

1.2 DFT
EX 2. RFRANFI (apph,, EXERRHFEREFIIEN R, 2.

R AR E X

02FFERXRMACRFEEREVILL 13



E—HeRY DFT NSRS EEAHPE i

« R={(m),Im e M) M, BEFH nxnFRZEHER.

« C=A+Bili2 Ci=A +B:

« C=ABW#E C;=ABi:-

« B=cA ¥R B; =cAi.

1 A, B,C € R BA/NFFIHMEEIREREFF], ¢ B— M.

EX 13, M FREAMEBKR, ELEXPK DFT AMELEERF : (G- C) — R,
Stk R RIAK AT @), EXHEREIES, 3B

* F(A) xF(B)=F(AB)

» F(A)+F(B)=F(A+B)
o ¢F(A)=F(cA)

- Zhia =Gl

AEUAK F ——ANFIM.
st FAERERE B TRk, RATATLMEE] O(ZL, a)e 3L w IR n x n JEREREHI AR E
¥ 0(n”), BETEH w < 2.3728596 [5].

(G-oC) HFHE—HE (A)xeG), HF A Ni-lt=x]= ! rzxo
0 t#£x
EAEA T ES T A RN EHA S, RRAFERDL FA,) . EXF, =

F(A)-
3|32 1.1. DFT % & 7 S5# 2 F&M40 (F,) —— XL
o FexFy = Foupe
o F. FRR R —H .

{EB. Xt F—4DFT XK F, HTHAE, BRE/EN (F) GE.
T4 (F), BRATTEHI TAE: F(A) = Xic AX)T e
H TR

22 EREREMERFEEREINILT 14



BE—REY DFT MMNARETZREERAHPE Bk

F(A) X F(B)

=3 Y ABF 4T,

xeG vels

=), D, ABTXF,

VEG wlxy)=v

=37 3

veG glxy)=v

=F(AXB)

ML REOR, B
MEFX . LA (F) AR

]

RUCE#AE O (F) MR T, DFT 0] LUE RAT RIS HER, SaY O(|G]).
AT E IDFT (B DFT AR, RIBEMERE 0(G|) HTikb B e 245 .

2 154 DFT FfEIrEE

2.1 FHIER

MNT—REFIIER, MR TTREN: (Z,+). (BRIELFREER, —HN 2 #2
2 BUFFFIKEE n, B oFERBRMNA 2y, +) FHRME, Hep Z, ToRM A p FITEREE.

22 1A IFEE
SIE 2.1 X FEHEEZ,, — TR DFT K.

Fi= [[1], [w;,] ,[wif] _____ [wg"”"”
Kb w, B p YRR,

AR LA BATIIE, XMER S Fih %K.

2.3 FFT 5 chirp-Z Tk
MNTWEABEZ, 558 p=2¢, FTLMEA FFT BT, 8 DFT 3 O(plog p).
MTE—MNERE Z,, TER chirp-Z THE, BN T MR, @8
O(plog p) RIS Z4FE, BEAKM:

2022F ERFRACRFEEREVAILT 15



BuAAE
<D}
o
ECx

E—ffY DFT AHFEFEPERERAKPT BRR

p=1

FA)=|) Aw)
0

=

1 5 A @)
= | =—— —w
B2
ER-MREERER, TUBEERULAFIIER, #TEiA Zy EREE. B
[a) & A EE O(plog p).
B ek FAEEREE, BATERTT LIZE O(Gllog |GI) K9 2« W 56K DFT, I AR RERVEN &
I TR 0(G)-

3 BEMEXTRA DFT

3.1 EH#
EX 31 AT ZRR (G, x) T (G, %) FECEMMER (G, 2
s G={(x,y)|x€GyeG)

o (1, 1) X (x2,¥2) = (x1 X X2, Y1 X Y2)

32 DFT H#is
H4eF — 5,

S13E 3.1. A THBYEL T, @ R-KER, V=V,8V, =spanfxlx =a®b,ac V| be
Vo), Vi BI—HER (@)L, Vo —EHER G, MV E—HENc = (xx=a;®b;ic
[1,n], j € [1,m]}

FB. B c B VR—EAERT, RITRFIEHEP uREELREA.
HBRIFE, B ciomej = a®bjy AL T, Ty Cimime ki = 0,k AEH 0.
2 8;=3Y0 kb MIL, S:@a,=0.
HRYE a M —HIER4G, Vi,S; =0,
SHRAE b K — 4L, S =0, Wk;=0(@e[l,m]).
Bk, #9340, FA. .

N 32, HFKNFFIAEN @), (@), KRR R A1 R, 5 SR A 3K BB
RO R i#/E:

(R ® R’){i—l}m-ﬁj = R,‘ ®R}

2022 ERFEMRERFEEREIBIRIL 16



E—R69 DFT MMNFEDSRERECNPS B

EE 3.1. # G, » C M G, —» CHFE DFT, ;4 G — C 77 E DFT.

WS, RPN DFT 55005 A, B, X REIKANEFFIS IR @), (b, .
B G — CHNIffg DFT N F, MBI RAFFIN (e
AT LA R M i

¢ Ci-ymej = aibjli € [1,n], j € [1,m]
* Flgni-tmej = Ay 9-’5'_1;,;: K@ FTRKER,

MEmiEmEsE, SRR,
HFHRERIER: (xoy)(xney,) = (\1x2)® (yiy2)» FH x1, 00 A nxn BB, v,y
Hmxm B, FikxtF R

TEMJ:)J’ X 7:{@?:],»
= (‘?{Jﬂ.a ® B_w,b)(-ﬂ.r;.u ® Byz,b)
= (ﬂxa .a*ﬂxz.ﬂ) @ (Byg.bs_\-'],b)

= ?'-u; X2,y v

Hfv=(a-m+b,ae(l,n,be[l,m.
M35 3.1, (F) l—HE.

i
S 32 mEfH

G—’CZ(G|X62X.‘.XG})—)C
H G; —» C(i e [1,k]) § DFT, aJLI¥Ji&H G — C i DFT.

33 EMMERE

513 3.3. G X R EIRIERER Gy X LI HAERER Gy X0 7075 46 o ) e B A
%8 GDFT Wittt 72, SAaTLIES),

EE32. HFG-C=(G;xG)~»C, B a:G—C, *F a M G ¥R DFT 24
THREMNH Gy, G, XTRif DFT. B,

* X T xeGi 2 GLKR G, =Gy HTF G, HBIRA G, L DFT, ie4EH H,.

022F FEERMAERFEEREYILT 17



BE—RAY DFT HINEATE P R B

« & G, WMRIHAEREF ISR R, XRIIANFIA (bye,, MTFiell,k, % H #HE
H, = H.» % H; %38 G, i DFT, HRXERFEAT G > M, HRILE
FRL

# FEAR BB R 1 R B AT
FIREA HER:

513 34. MRH

GCGoC=(G XGyX..xG)=>C

23t a R G XM DFT 24 T4 /6 M A Gii € [1,k]) AT R DFT (FIRem £
G)O

513 3.5. X AMMBRER

T=0 !
o)
Hbh T, #7576 LDFT IERE.

EIVEC s

« R T, = 0(Gillog|Gi), W T = O(IG|log|G))-

« R T; = 0(1GP), W T =0(GI TG

o 5G| BRFEE, TLUILA T = OkiG]) = O(|Gllog |G-

BAF
n4E FWT & n N2, » CHEM, S&EH 0(G|log|Gl) = O(n2").

BUSH 1. (Numbers?) 25 5E n.k FHEA k BIH m, p(XL, pi = 1), ESCRER—A kT4
¢, VILRH R 0, GUERIES p MHEZEAL ¢, := (¢, + 1) mod my. REE— R BIFIMIRERS, B
A AFRARRSHE. T =[Im<5x10°, FIEHIEENL, AFHEHE comer case.
fRYE D G =T Xy, X ... X Ly» 0 AHIEERT

R ESMREHZENEE, TEHRRTHIORE x e G BHELKBEE.

B REFIEVSRER x i, TRGHREME. 4 f TRFEMHRER x 7, 21t
WRAS | B R, BEL H=1LA=0, MTRMEREyE:

1sgdE. FEHAE. hups/ioihw?2 1 duck-ac.cn/problem/101

2022 ERE¥RAKCRFEERKIALR 18



:W&
AN
0l o JF
s

E—RfY DFT AMFEPFREREAM DS B

k
b= Z Jawipi
i=1
e dOy, i) ForBRE y M5 i DTEB—.
EEERAHC R 3] o(T).
FINZR do,d,., THR:

k
h = Z Jaoapi—dy =1
i=1

k
f.lr = Z fdfx,i:pi' -‘d,\' = U
i=1

BAF A d, BINATR .
L F AWS x> f, P ABSH
pi fxj=1ei=j

X
0  otherwise

KU, XTF do M dey BXD:yws dye
WA ERFTRATELE A
F=FxP-D
fo=1
fi=0

Ml F = F x P—D #MF F(F) = F(F) x F(P) - F(D). ZHNT T 478

FiPi—1) = Di(i € G)

Hrb F, (g € G) B F(F)i € 1, |Gl]) ——XIRE, P,D EplseL.

ATLLRIL Py = T pi =1 (EFR b, % THIREE, DFT % R7EEEAD), BT 5 F2 A
Dy =do+d, =0, HHFEIEMEIL, Pi+0) K0 HEEEN,

E X ta,b) H: F(C) = £ Cutla, b), ENAEHIERER BB,

HALH ta,b) = tb,a), a, by = t(a", b).

M fo=1%MF LFi=1G, f.=0%MF L5 =0.

02FERFRARCRPEEREVBAILT 19



E—GAY DFT AHNFEPFHHEEARTS BiS

SR RATH AT R B AT R LB 0 T I IR
) Fi=I6l (1)

Fi _
Z 1(x, ) =0 @
FiP;— 1)y = D; = du(t(x,i) — 1)
B tx,i)—1 .
= Fi= —p—d (€G\ (0D 3)

A2 3 N2 1,2 ATLAAR 3

1 1
ﬁ+{z P -1 _Z t(x, (P = l))dx =0

] i
é%zqhmmﬂ—n*zﬁrﬁé

For Y D d = (6l

1 1 Hx,i)—1,
i f(xvf')@’f—l)‘zﬁ-- e+ )~ =10

1 t(x, i) 1 b
:>(Zm+ pF_I_ZZﬁ)d,~1G|

HERERERFHHERTHE o(GP).

e, MR T Lo i RAL.

AT x > 5L #AT DFT, 55 1,2 M0 ARG RIOE x, 07! Bl 33 WA= THE
FRBAVE R EMACA DFT BERER O(TlogT), AT LLEILAE. L]

AR R DFT (%8R A, it DFT ¥ 5 4 BB R 0 B i i 5 A2, R
B RAVRE PR HE AT R RS B, AT AR L R

4 HBPRAZHRFE DFT
4.1 HBPRATHEE DFT

4.1.1 HBRTZTHREESTE

EX 4.1, EFRZHEE G H—HITEK (a.ax....an] W AE:
* Vxe G Ak [T af‘ ek

o« V) T2, d = e = d = e(i € [1,m])

NEATTRE G A— .

02 ERFRMTEFEEREVRAILT 20



B4 DFT PNFEPFRERE MDY Eiis

QIE 4.1. [31,a3,. . .,a,,,] IEFEZ G E‘J—’i‘ﬁﬁ%fﬂ‘f

{a)) X{a) x...{ay) =G

FEAEMER, EBE RS,
B P RENVRAEER A RSB EIESMR, FI HH3

5132 4.2, (ERAIRAZIT G #BAEW MR RT3 p BEELAL,

. 2 o(x) o8 x M8, 8 G IR p*m. p € B, p £ m, Gy = {xlo(x) | p*), Gy = [x]o(x) | m)s

EFRBABEN: Gp xGn =G.

GBS 6 (x,y) - xy.

RRZRABAZ, ROV FUEBE %5 H Kerd = (o) BT,

MNFE—TTE x, BEKRPEEZE, o) | pP'm, B o(x) = pXm'(p t m'), B o(x") =
m' | m,o(x™) = p* | pt.

A (phmy=1, —EHE sp"+tm=1, F£ x=xr+m— XMyt ¢ Re— it

# x €Gp,y € Gy xy = & B 0(x) = o(x") = 0(y), H 0o(x) | (P,m) = 1, Bl x = Y=l
ZHIUE T Kerg = {e).

Bt ¢ R— BRI, M RAVETTLURM R, 18 G 9154 R 2 e p BEELFI,

(m]

4.12 FHIRZ® p BomR

SIE 43 WTHRZS p B G, Kb — BB AMTEN % H = (a), W YxH €
G/H, 3y € xH, 0(xH) = o(y).

WEY. % o(a) = p',o(x) = p*,0(xH) = p*, SRE 1> 5> k.
HEH=GH" =H, TR eH. Rk v = .,
oo
" (o, P
o(a)
(o(a), r)

= (0(&), ?‘) = pI“JH:

o(xf

ola") =

ARG r = up'-sk
¥ii: y=xd e xH, Hhi-= —up"™*,

WNRFEEFRARCRFEEREVNILT 21



@ B

Ay

®

| fﬂ‘

B—RRA DFT PP RPN E SRR Fms
HY
=y'H
=a" " H
o

313 4.4, (EFEHIRZH p BE G #RTLAME TR
TEM. EpEIAghis, WG =p" FHEAEEE GG < p") WL,
BB ANTE aeG, o) =p, #Hk=n, N [a] BIRZT#E.

513 4.3, & o(a;) = o(a;H) (i € [1,m])e
¥is: [a,a1,as,....0m) BRA—150 .
(D1) %81£&E x€ G, xHeG/H-

xH = ﬁ{a;H)"' = (ﬁ aH
i=1 i=1

Hit x ' 12, d e H, ®A s

m x=a*T1%, af.“o

(D2) %8 d* 17, a" = e, W a*[17, 4} € He

TR % (aH)Y = H, W (a;H) = H (i €[1,m]).

HYE o BEERA o =e(e(l.ml), Wa*=ef a5, o

REIE 4.1, AERA IR AT LA
HRIET|FR 4.2 f3H 44 BA

4.1.3 BHERASEN
FRIEBSEER P T — A HE R, X TRA.

EE 42, W TRHREEG, RS B YIIENESE.S = span(B), B X f(x) = min(k|x* € S}
AW AT ERAE:

_ 2; C;==S’ ﬁitﬂu
« B xeG,x ¢S, 0(x) = f(x) F, fx) BRENNEITE a.

022 ERRRACRFERREVRILT 22



E—RAY DFT MMPEPEHEEFATHPY B

* B:=B+a,5 =span(B).
REH B RE— .
% [8OX A SR A A R

SIE45 T n>20, 0% B=[a,a,..., a,), WAFED R [ay,as. ..., anlim = n)
A ola) = pf"(n <ism,pieP,keZ).

S, EEIAG, =0 BHRKT.
W n DNIUEMNRIEENER B = (d),...,d,]-
HFTEx Fx=[1Ta" W

ola;)
(o{a;). I,-)
BB o) BURKART, X T8 —Fh I p, 275 i 518 (o(ph), t) =1 Hk = max,,-, k;,
FHEME x =120, WHox) = fx).x¢S A f(x) = max,ec\s { f(3)}-
Wi&: B=[a},a),....a, ,x]+R, P RE B WEFT n—1 30, HHTFEREIN p B
Br—A~ i EEE R,

f(x) = lem™,

AHEIERA span(B) PEEMZEHITCE. Fik span(B) = G, £JE B hi MM, 5 Rix
’—4H5 . o
SI3E 4.6. BYMISEIM T, XAMMEZER O(IGP).
HEH, STZRFERREE Fit B £(v).
T ntt, H:
B m ola)
f(x) = lemi, (o(a), 1;)
< [ota
e
) o(a)
G|
< 'i;;_—l
RS n 5018 f(0) MERERBIT 0(L), BEREHR O(GR). o

4.14 HIRZHRYE
EI2 4.3. G- C 177E DFT &M F G i 2155 2.
kAR B it [6] ASVELH B FF.

20225 FERERMRERPEEREIRILT 23



RUEF \‘%
4p
<P
TR DFT HMNS TSNS EFGHES Bine
5 XFFREE
5.1 BEERR

EW 5.1 FENFEAE LA RNFREAW AR RAEAER (BEMERE . MR
Fon ERMZSNE V., 2EIESREMTHR (ATHRRR 0) ML n 48— REER, CE
GL(V), HTFEBEL(V) WAV ERRETIE,

RN 52 AT G, MBEE NG ERMEEE V EMEIEREE LV) RS
i p, MIFIASHRS p FBE G M—MRMER, V HRFEN, V WEEERNRRIEE,
2 d,e

EN 53, #B G EXE V PHIBE LR p, o’ 5 HIHEE:

e=(e,€2...,6,),€ = (el €5...,€,)

Le=eX, £detX 20 HVgeG.plg)=X"p@X, ¥ pp Elire

EN 5.4. B p Bt GERMER V EH— KR, VUORAEFEETERMWCVIBL
W#0,W#VVgeG xeWpxeW, ¥pkkGH—AFTAHRR.
1L G PFTE AEM AT ARTHBRHIES A RG).

5.2 Xt#REt DFT

PR X RE S, #HT DFT fs. IRTEELRZEEKT, 8% HAEIERM
SEEE (17121 [3]-

S (PEERETH) NHTHREG B

> &=l

peRIG)

XANEHIEY] DFT 5, (RRELEH®.

3151, M THEMREG UUTRE—EILH DFT #ig:
* ai=dp,

* F(A)i = Zgec Agpi(®)

A T R A DFT 2B EEFTNKA. MRCK RG), MATLME O(GP) I
[E P58 DFT, {BRBIRHE, HRIAFE— @A KEE AT LR HAE R PR G xR
R(G)-

2022 EEXAMRL R FEEREBARI 24



BE—fgRY DFT MMZFEPFHEEACH TS BhE

5132 5.2, #£ LibMIEF, IDFT B5R—Fhit 8%,
1
A= 2, bTleE™FG)

MeERIG)

SIE 5.3. RS, M n BRI EIFE——RIXR.
BETRAGH —MRAMREEMER (Young’s seminormal representation) (#J3% .

EX 5.5 MFRATREFAM 0 PMAFEBHR 70, T, EXENNKRIFEFN: En
0T PEHT SRR, WT < T SANY nfE T, FHITSEAN, ENS T, T 55K T, T,
METEn EOBE, T\ < T AN T, < T;e

EX56. MF—MERT, &K 1,6 FRETHIIN x1, 500 BITEFIHIA i, ya0 W
[FBEES d(h, 12) = X2 — Xy +y; —yy CERBHLEXED.

S 5.4. n PAREIFERF n BRIDIFEFE——RE R
FEMRE—TRERA.

EX 57 AT Arn, MRHIHEEBEFESFHERT. D T, & a b M5 2E 5K
di(a,b), FEFRE p((t,e+ 1) IR, 2 p((t+ 1) = ao

© a MIHEECH k.
© a4y =dit,t+ 1)
© B TRBTOE H 1+ | BUVAEERRERSR, AT, N
- X l—dite+1)? i<j
i i>j
¢ KRAEBHER 0.
MTERAS p, B ERHFTIE, TUMERET 1+ 1) (BT, S p(p) BT,
ALY, &R AT &R HEETE, DFT 9864 03GR).

53 EMNERE
EIES, ITBEH = (nln, =n) =S,y i€ (s.H|s, € S,) HIFL S, ) — 2 4§14,
¥ DFT & L RZEH, .

n

FAN= D Api) = ) pils) Y AL pi(x)

gec =1 xeH

HA1 A, = A,
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Y
42
=

v
&

&‘A

N

;

E—f=fY DFT FMFEPSREERAHPS ERR

EIE 52 T xeH, pilx) FIEAR:

px 0 - 0
0 pgix - 0
0 0 AW

Sk R, RIS (BRI 4 ME—ATER, TIMBE a1 MHRIR 4,

X382 EHRPMAE, o LBHERNE T P—EEE. BT n =n ME 2 FLREW
s . HIEYIEIA .

BT A’ 1S, » C, TLUEESEN AL, FFBIAN S, - CHTHE, Ba@dn
IRSERE P33R % G 3

S 55. C = p((t.t+ D) € [1,n=2]) M1 D, = T Ay ()t € [1,n]) 1, FFFTTHEA
HZ M E On!) 1.

FH. ZRE MBS (BBERR) Arn-1, EESHED C M D, PIEKR K, R
% 2n -2 K.
MBAVE Tt 82, = (0= D!, BB FTEHAEL O@D- o

ST s BAIE s = n—1,....0) W 5= s xGi+ 1), R n REMFHITED
AR p(s)), TERE TSI 5.5, HERENEEREASEL Onin).

i, XS, DFT MHZEH T(n) = nT(n - 1) + O(n'n?) = O('n®), BERT RN
O((n!)*)-

EAN BB 2 FRT (950G, BRI 5% V2 20 5 o U T F R R 45, X F
R EE, IS A] LR BN IE, AT CAAERE R 4 FE S R DF T

6 :E[\Z?:I:

DFT 7€ O HEZ M Z MAH, {BRKA LK DFT M AR TSR, EFEK
FIRA TSRS, AN TE -RiERE L, Ol FIFRALZMBMIT. AR
R HOBERARETUERSNERE FERER, R DFT SHRRKXR. EHUE
BT XFREENY DFT, AR EHNA, DFT ERENE X REZREPMAA
BRI [F) 20T 9L

i
R AL SR ST A P &
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E—RRY DFT MFEPEHEEA TS B

BRRIRERZMHILAES .
BMVFRERESE, DREEKETARRED.
RWFEREY, PHAY &REK, RRBEKARIRH.
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iZB— I ET R L B S R R IR PRI BRERIMERE SR RS

R —METHRNAOBEEERERFETHN
i

RS AR FkE

mE

AXNBT—HEATFHRENTCTRAREFERPHOEN. AL HAMNLET FIAT
Ry A RNTAEARBRRNEZT 2E RN —FEE, BEIAT —EAMEHXE L—XF
BEAMMG P, ALBTRANEALETERROCEAGE &, REALNELFLRTH
A LA R LR A A RS AT T 24

1 8iE

EfEayEitd, LBRNNARRREEEN— s, £XR0EMEP, FERK
B R R A TR BRI, M RR A MR TE, XY
IR A “Exchange Arguments” . X EEHERT M QAR BB ML, iE
kAT T — BN IRREI T . EAT BRI AN AR D . AR
BT B R AR 4 #T

AL — B4 E T A T BN T & ik, BT T 1% AT LS B IR 1 R AL
BRI —F T & . B8O E T X B — AN E SR R —— KA AT Y A
A—F TR A AR R PR B 8, AT RS2 R MEERAI SR, LU
SRS ) B PR . PEEEA B LR LR R AT T e, R TRy
B ER BT SR

2 —H5HFIHEX R LB K Exchange Arguments F35%

2.1 [a)@E5|

A HX —#H, FEW W TR R
BEnANTEE x1, 0 Xy BR—ANE USRI TTRIFF, EENEFREHEHK
F. R FHAE n HES] p, 10 FRIEXBR/ME:
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ER M E TS BB E R SR PRI A FRERSMERE SR St

F({xp, Xpy, -+, %p,D)

Bl dntn 14

ffgm. !
G n P TICIERET (a,b), HENHEBEEBFHR—5). & R — 5186 H
BN ZmAK o e LR TN A2 BFTE ZHT b ZRBERR . KRB/
n <1081 <a;,b; <108

ﬁﬂaﬁﬁikiﬁl'ﬂlﬁﬂ‘j ‘ﬁ"fﬁﬁu E‘:F' F({(ai1.b1), (a2, b2),- -+, (ay, b)) = zlsfqﬁkﬂ;'bj-
BRI H AT LU AT .

ST RAR TR e . . —AHEF (b1, -, pa) BLRTEIXANHES o 25 B AN
WAL E G, i+ 1) BEIBHESL, BD (g1, v gn) = (D1, - - s Di-1s Pists Pis Pivas*** , Pn)s VAT LAAG 2 :

F“(aP: ’ bm)- TR (BP_., bﬁ-)}) = F({(a‘?] » Ib‘il'l )7y (a‘?n‘b‘i'u)}) =} aPJme aZ aPMbP: U)

E T WIR ap by, ~ap,., by, > 0: 0 F({(ay,. bg,), -+ 1 (g, b)) < F({(@psBpy ) s @y, by )D)s
W (pr,--e, pa) FRIBEAE. BHBRAEHR VI <i<napb,, —ap,by, <0, B 5 < gy
HEF T e R B AE

IR—AHES p 36 RXFERIRE], W p iR VI<i<j<n, =< FEATFEES v,
FIA AL 5 = v I i FEHES o — E M O S — &,Tﬂm&ﬁﬁkﬁwﬁﬂﬁ MBI HE T
FFAERH i jo R =g W 1R, RS AL, SRE 1I]J_f§§[JE"JﬂP§JE“JF{%
R BIHCFTLAG 2], XFT-HESU h il 2 0 BT £ AR — B, IX— B E B B ke
Flap, bp)), - (ap,, b)) BISLETE 62 L3R M HIHET p B9 F(((ap, bp,), -, (@, by,)D)
AL AT E A7) A0 R R 1

Bl T B, R RN B ) = e %R o ~ A, BB 2 — b B AL B —
BB Ko B (81 2% E Ao HE S XD Re o) 5 74 O(r:logn)

2.2 [EIRESHTS Exchange Arguments J753%

M BB . XA W8S, EHREETTUEEN TERAN TR
xi, x; [FJESL T HOBER R, HERRRTTLAFE R F((x, x,) < F(x), xi)). fEXEB, X X
Y BB 5 R LA R R e L 75 R — S RO PE IR, (19K BT A T B B H B R T LS
Fl—FrB LA, EXTEREER, LRMEEATER Y. BL b T F, R
e H AT R AR MR EE. B RS E— MR, B2 680 FEET
DATR B SR AR B0 —Fb SR

'EERM: SRAEM
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| s WA

R E TS SO RS RE R PRI A BRERIEIEAT SRt

WA MBI T EMRNES RS, BXS ER—FmRBRR <, BHTETRK
R LLEOR AT -
fEE—A RS, FHERIFED TIER:
M 2.1. Ya,beS, a<bb<aTLHE—HMIL. BILLERAMNERTENE.
M 2.2 Vab,ceS, MBPa<bbsc, Wax<c. BIHBERRKLILEN.
MR 23 YabesS, WMRas<bh WHFEE-NEE (ab) FREETTFIINTET

{31:" ' ‘Sk_l,ﬂ,b., Sge2,0 00 wgf]” gﬂﬁ':
F({sh“' s‘s‘k-lraabssk+27"' ss.f}) < F({S]!“' !S.‘\'-Isbraa Sk+2,0 " ssf})

GEMTER: MBFHIEEE—MS ER—F o mhBXR < WEMHR 21,2223,
M7E B Bk IR R sk &, EREEA] LA B o B — N iR -

MEER. BB, W < HERS LM —A 59X % (Weak Ordering[1], tREMRAMAERXFR). A
M, #IS|=n FE—FS FEEHARFI (x, %) FFR, BREVI <i<nx < xye-
ST ETFXRNLERR <, HHETHEBHEFEE, BIETE Onlogn) KL
TR —ANZFE S .

iD= R N

Lemma 2.1. (1R § P AEH—HHEF (0, ,x,) HEVI <i<nx < x, HF#HEM
Jﬁ 2.3, m]jz:ﬁg__/i\ S *Jﬁ%%ﬁkad {yl;"' !yn,’ EﬁF({}’h”' -,}’nl') < F{{I},' i 9xn})° EI]
Flxy,- - . xa)) FEFTA 0T REROHES] X 2 A0 bR A5UE /b 1.

ERE. B < MMM, BVi<i<jsnx<x, Biyn o=, x,)e

W {xp,0,xp ) HEAT 0 B0 M, BB i SOACHOBI E T UL x; LR S HAMBH— N EN
Wi, W x B i MIE, n BB EE (x, -, x) FTLARERIE i fe2c by
FRH—ERZ 5 U x IR — A&, HRI—ADXEA 5, W—EH/ t>i Ml
X € xo BIMERR 23, XREZBMMEAHATER, F ALK, FWHTHAZRE F A=
BAR, WTE F(lx, ) < F(xp, x50 BT ERL. o

ik, R VL <i<nx < xg BHEER (x, -, x,) 2R —Fh B o
XWAERA T kAN B Y IR 1 .

23 BWHBIFEITRAER

23.1 —LHIF
WA B ) g 2 R, FmmEE LA
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g Yal T
s{??

RR—ETF RN RO BB R R R R P REERSMEIEF R st

g 2. 2

G MEENEFHENFRE s, 500 REI—A n T p. B 5,550,  Sp, N1
JFHFEEARE] S, (£S MFHRFRAD.

Slsi €5x10°

SIS F AR P HHEM A R, R R I 7 R B RS R4
x<y ZAME F({x,y) < Fly, x)), Witk E LB RN HFFES s, s<t 4A
U s+t IFRFDTET t+s NFRF OXE s+1 BRFEE 5t BIFHHEBER S
Ao BRI < RER 210 T 570 Lo B 5% R ik 2 7E P AMCREAR 1300 2 7 o FF S i 5 R 19
IR FRHAEEFRFRNRR, Bl < #HEHE 23, REFHRE LR R E BN,
B 2.2, HATAINTF 52,

Lemma 2.2. ic ™ NKFHHE S ERELFMBIMNFTS, WS + T HEHFITET
T+S MFRFUANY S HFRFNFET T~ HFRF.

Z5| BB AR S, HERLHKMSLEARK, WIEHIE:IER,

TFRFHHERRAFEENE, REEH R MEERN < LRAAERNE, Fitk
BORFR R ER=RIER. (A ERME, R ERMASEMNEE T ETAEE o)
IR P46 ) R R R A LRI, B Tx F A S S, T 78 0(1) 5 28
Wwﬁs+r57+sm$ﬂ¢k¢.E%ﬁﬂ%%ﬂﬁ@ﬁ%ﬁ%m@wm%@mm,

BlEE 3. ¢

A on SR, WEMESEEAH TR, 5 RERERRAEN AR N o, B
BN by VIMEES G AR 1 e, (AR AL — S ES A R, BRI
it EHVPTA MR B S B R AR s E TR Al . MO T LUBAT (&SR, (EE 48, R
B HREDWBSMEAER, A R RXFTA R R R .

n<10%0<a,b; <10°

W IR ER NS p B MIZER RIS p, LB BT, SEQH 2SN
max(0, (E2} bp,) — (1 @p,))e EHFEEH L TAE n #t (a,by)y RETHI—AHS, &
KA minf_ (T3 b) = (T ap)e 12 Fd@,by), -+, (@n, b)) = —min, (B4 b)) — (5 a)s
IR =353 - TN ) o

R ZATRT i, &3 x <y HEMNE F((x,y) < Fly, ), 3 FHEANTEE @, b)), (@2, br)»
(a1, 1) < (az, by) H ALY min{-a,, b, — a; —as) > min{—as, b, — a; — a;). FREXFEE LM <
RERBWHR LBER. W TR 2.3, REBBHFETIN @,b), -, (@, b)), TEETER

TRLE i £ i
B H ;2016 ACM-ICPC World Finals L Swap Space

20225 FERERAKCEFEEREY LT 31



AR RO BEEERERRPINA ARERIMEIS S S

(a, b;), (@1, bri1)s H (a:, by) < (@1, br1)s mu

i =1 i
Fl{(an, b, @ b)) = =min{(}" b) = (), @)}
ji=1 j=1

=1

t i-1 i
= - mm{(z b;) — (Z a_j) + min{-a,, b, — a; — a1}, 155&}2.“1{(; b)) - (le a;‘)}}

=1 j=1

F({(ay,b1),---, (ar—lpb:—l)1 (@re1, brir), (ag, by), (ari2, bre2), -+ (@, b))}

-1 ! i-1 i
= = min{() b) = (3 ay) + mint—aro,bre ~der =@ _min (0= )]
= i=

= j=1 1sisni#
B A min{-a,, b; — a; — a1} = min{—a, 1, by — a; — @ bs Fred EXpafENTFETEHE, H
MR 2.3 BOL.

ST SR RN R RIMER, B min-a), b — a) - a5} 2 min{~az, by — a1 — @) TRZEA
AEREE, WMEALREREMPFEADATERBRFETLHMOE TR, B ERER AT
B THELLTHEZ

1. MR TFETE -NTE, WHYNT a1 <a; Hbi—a 20,
2, gﬂ%ﬁ;j‘_\‘{'%?%:ﬂ\ﬁﬁi NFHE%“}_ b] = bz E_ by —a; <0,

Bt AT LK R BT TR I8 b, —a, ITFS, B sgn(b; —a) *SrAk =2, RT3
il

Lemma 2.3. 1. W% sgn(b;, —ay) > sgn(b, — az), M min{—a,, by —a, —a>} = min{—a,, b, —
ay — ay) L.

2. % sgn(b, — a,) = sgn(h, —ay) = 1, M min{-a,, b, — a, — a;) 2 min{-a,, b, — a, — a)
MHAMNY a) <az0

3. W# sgn(b, — a)) = sgn(by —az) = 0, W min{-ay, by — a; — ay} > min{—as, by — a; — as)
[/

4. tnF sgn(by - ay) = sgn(b, — ax) = =1, W min{-ay, by — a; —a2) = min{-as, by — a; —az}

L HMY by = bso

1 x>0
‘sgn(x) =40  x=0

-1 x<0

20225 EREFAMCRFEERRIIBART 32



R ET RSO B S B BEERSMNERES R LS

UEH. W3R sgn(b, —ay) > sgn(by—ay), M by—ay > 0,b,—a, <0 FRT. 1R ai <ax by > by
WAL, WA by —a) < by—ay, 1HIXS sgn(b,—ay) > sgn(by —ap) F &, B ik fh
FRUE—EH —FAEER. W sen MAMER, B ERFHREETUEERLEE. o

M5 2.3 AR, MBI sgnb; — a) B TESR=%, WESKAZ, <
MEXT FENBFRR. EHNERRLEZE, <EFUMERF—EHLLmE. fiio,
2.2) < (L) =(1,2), B(2,2)£(1,2). FIXFERIELE X AN RHERK 2.2,

B FAFELZEMHFR, R sgnby —a)) > sgn(b, —ay), N—EH (a1, by) < (as, bs).
FEEEFRIM T HRE X <:

(a1, b)) < (a2, b)) ZRSIHRMFHANEMEZ—:

. sgn(b, —ay) > sgn(b; — ay).
2. sgn(b) — a)) = sgn(by —ay) B. F({(a1, b)), (a2, b)) < F({(@s, b>), (ay, by)))

BSWAEERZM X U < HRZZMR. B ERLXREE X < HF, BIarE
W SR SEOR AR . i 18] 441 O(nlog n).

EAIT R, TR 23 PR HMRERERMARW LR, BRA— L
FLEEMER] F((xy)) < Fly,x) E XK R. BEHMR 23, WFR x<y W—EH Fix,y) <
Fi(,x), BHMIZAMEE X R MR IRR —FhiFa B,

fE B Fh, RERIMEEA a,b, > 0 %M, FREBITRE 7. it
PAZRIR F X AN F:

g 4. 5
Hn i HT, BiMTHER w, AASE v, v > 0), BEINEBR—FEEEG—A
MrLEmMBETREERAKTF e AR,

n<10°

MF—AHETHEI (W), (W, ) Bl R ER Y ALY minl_, {(v;i— £°7) wj) 2 0.
FREBAM min {vi — T wj) = minl, (372} (=v; - w;) - iei(=vp)e T o] B AT LA R b —A
Gl RN, Kb a = —v, b = —v;—w;, WEFTER bi—a; < 0. HL—FEMNTTE NS
BT f T4 b MKBNHEFE, BNRRE v, + w, M/NBICHER .

Aottt ot FOURE | oR 0T, A R BRI a, b > 0 0% a > 0 K2 UM & 1k, TR
—EASIRTL KT ATR, TAEIL AT HB aiby, by BUKANERREEE (0, b, (a, b)),
(R AR R R R 2.1,2223. FUHGEF I EIATT UMER R BRI, B R Ss
Wl 25 0, b AIERSH, WIATEHRE|— AR PIER = F R — e AR R, B
B 8 6 R R 8 AT DA P2 B B0

SEH I S 2 o R
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ER—E TR L BB R RE PR FRERMERESERE ARl

232 ERIRRY

EwshB =G T AN =HARNTE. BRETREMLERR, X8
B—UnR. RECREERAFARE, W RG] T 0N T = A

I. JCEEM (a,b)a,b € R,a 2 0), F({(a,b1), (@2,b2),+ , (ax. b)) = Taicjer aibjy HE
F ARt E. mEEBEPEEF AN L.

2. TR (a,b)a,b €R), F({(ab), - (anby))) = —minf (X7 b)) — Ty e} H
B F RSB o A At T UL 3.

3. TEFRIMERE s» F({s1,--- sp) =851+ + 5, HBEFOFXAFHFHEE. HE
BATEE st AR AE s+ 1,1+ 5 BIFILF,

ERJURER OUHRRHD F£EBERRPEBNTZNNA. EHRS B8
PAREAL A LA LA R R e R B AR (P, F({(ar, b1), -, (@n, b)) =
E:‘lzl 25 n?:Hle" }-E,:It] a,-,b,—bO), ﬁ{l}v‘t;{:ﬁ'k&ﬁu

24 —EZFEMHEHENA

B RSP RR G , PTURRES MR E. Flmim T —XA .
BEnANTCE x1, X AER—AE XBORXETRN PRI R F. 2R L L
R=FKMR. EHLADATE, BENEESFTIK -, BADK:

F({yi,--- .y
IR RS, WL x WKSEFRR, PR 0 <xn << x,. WERITEA
Xoyo o X (81 <33 <o < ) WA FEBTLRORENA (x,,- - ,x,) BITHEGR, B ERTEE,
FEA) (xy, oo o X ) RIXFPEES PR —FRR L . B —EFE— MR RRE (x, -, x,)
FITRES . AR AMER, AT ORI R 5 T A o 3R 8 R BB R IR B B — AT
FIH IR, IXAE— SRl T AT ARG IR AL, filtm-

FgRs °
B PM&, BiANSAEIERRE o MUHE v, BT R iEEE:
. BE—MAEE-MR, T R B ARAT U E RS R

2. BN LUEFEMERX A, XMEBEERRE—F (ERE - PACEMNHE
RN ENIE), BoMABRBATLAAT & WM ERE. BN AR LG A HRE,
BERS BB — AN ARG v FOWES, ZESTR.

O H#iE: 2014-2015 ACM-ICPC, Central Europe Regional Contest L The Imp
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AR ET RN RO BB B SR IR EUEPIMEREFHE HeeEts

%~¢Aﬂﬁﬁﬁﬁﬁﬁﬁiﬁ&m%ﬁﬁﬁu%-¢A%E§ﬁ%%ﬁ,%:¢kﬁﬁ
BMEE . SRIUTBRIERIE FiEzEm 4R,
n<15x%x10%k<9

WMRB-ANEBREYE, WEHH0. MEB—IPATERGER, Wit—eofk
BRERMGE - MRORE. RAE - MARRBTUER, 80+ 1 M8
HABFS (51, sxn)s B i WIRIERERE 5 MG DRSS AMFRER, WA
SREE-ANNEEBRMEN, F—PANBNBKR N

i

%@%-Z}u
=1
FENTHE—AAFTAHRIE, X TREORAME. S, BB kR Fh s,
DA B AT X ME. B, AAFE—MTEE8 min BA, ERMFE—AAMN—
FhiRes, —ERE- MR ERNREFEREREX MR AR, U8 T
FREAME, EUHE A — AT LMER S T X ME . TR 145 S B0 A M,
) BAE A BRI IX 5G4 AL, BV 4 s T LA/S B — Rb A 7 3
R ERILI v, WABIKHERE . HFAY SR AN B RHEF, 05—/ A 505
TRERERAFEE—ATFS. B [, TREHFS 0] BRESPEE A0S, L2
AIBRKE, % 5132 fii= max{f,,j, min{v; = Cis fisrj-1 — cil}e AR IR N O(nk)-

25 RB&

IZFHEM R S E F AT E— A R HASH AN TTEE, M7 RRENT,
k@ﬂ%ﬁ%ﬁ%%ﬁﬁ&%ﬁﬁ.E%?ﬁﬁ%Tmhmwmwmwhﬁﬁﬁ%%%ﬁ
ETRE| BT R RFERR, 713 REE e — A4 Bl R X B &/ Fa T
AIERICR, WRBREOOTRORFERSEE, T LU L% R % R 5 — 2
BERTTR. BEEATRERERNSBEEALE T RATRS WIS, BT LHM
RBM LB RIMK R —FE BT R, LS T LT DA R B 092 )
KL T2 R F S K BB LUERARE —FERE, XE R EEE
Z BN -

I AR R, RO BRI S P R R A R M Tt AR R e A R,
TR R A k. AT BENE L AT AR,
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sEk—REL T e E O BT S BT E PR M ERBEST K
3 [IERAEBRK ERRRULREE
3.1 [al@Es|A

Eix—wad, FEFTRTEAHN -KEE, XENEHHREEL E—Hohe
W ERR R, EMANT —FSERRAEXN, KOURFRRE. XLy E£575] p F
Heox FAE ML, MAMM I <i<j<np =y p;=xe MWEXAEREATARFA:

UE R ANTEE x1,- - o AR—NE UKL TR M TS, A A FEE R
F. BH—4Ra DAMGRA T, b1 AR, 082 <i<n) BEN fa. EHETXK
RIERAY e, R TR BRI, ASCER “Ai MR E p” XF SRR TR SH A
XK.

—ANHEF R T HIRE], MEMEVY2<i<n, fa FEHFIRH i BREBI. KX
TR #HE T BREE n HEF p, T FRE M ERME:

F{xp 2807+ Xpdl)

1 41 T 3k ) -

BlgE 6. 7
g 8 AN AERE, 2ol R, A AR v e {0,1). MTEFRERIZL
BHR ] pracc P RN TAEE G 1, EHFIR x BREE S SRFTE G x
TR BMEFER] (v, Vs vy, ) BIEFSHE GER 1<i<j<n By, >v, KXED.
n<2x10°

EAE, v, >v, ANy, =1y, =0, FiRHv =1 WL EEE L —#ah
S FEEE R (1,00, 4 v, = 0 MTHRELE 0, 1), WZRBEA UBRRN BB,

WMEAIEE T KRS, W LR, REEREREFE—F TR E8 bR
KRR L MBI =%&TER, #tAT LV#ER Exchange Arguments J7i%RA#E. {(BIEMA
FHOIRKIE, BME F s Rx — &4, WA A a4 BELm ek, Flmm A

BH AN v, v BEANHF, ST kBRI K.

L vy < v, BIONPE SEBOE SCRIBET HAL. X BARWRMERT 2.1,2.2, FAHALHRAFAIEL
Bk A BT 2.3, B F SR ESCIR MRS BB -

3.1.1 —Ff)

B n A BOARN, SESR BEEES L EF AR EESRODALE
MR, {EEEERA SR,

T H skiiE: AGCO23F 01 on Tree
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RN E TR R B B R PR FREBSMENEFHRY Skl

ZI SN FIERE— n N AEIHER], W2 T RS, IEBAHER R & SR
BRI B L BR B ) R 0 F SRR RS . 1% i) AT LA FR Eh A s 7 R L on?) 19
WA R R, HURRBMEST S =R, SAFRERL &8, NESHT
SH=MERFF a,b,c; R max; siyeisei aiy +biy + ¢iyr BFTXA B LERT 0 1Y
A A AR R. B E AP r B SRt AR R B, X R EEE
— S RETRAN O EBBBIX K E, WRE F 2 ERMMER L&A 58S — 5
#5347

3.2 Xt el EE A 4R
W) TP < R PER 2.1,2.2,2.3, WA LA 30T 3| 2.

Lemma 3.1. RIGCEN x1,-- , X, BRMERA L. BvFHR 0 £ 0, x, PR/ ITE.
Vie(2,---,nhx < xp ullviEM ERRE, WHEE—FBRGHES, 18 u, v EHF P
W B Fe(l, - n—1),p = w, piy = v ERFE piy = u, pi = v.

UER. X FEE NS T RIREIHES p, R a, bR po=upo=v, HBa<b. EH
pr —ERTHR, A Vie@+1, - ,b-1),x,<x,. A 23, H:

Fp, = s Xpps Xyt 3 %9, 1) 2 FUXpy -+ 3 Xpys Xpp 0o 1 Xp, ) 2 00

Z F({xpl'-” ’xﬂn’xph’x.f’un" T ’pr-]’xﬂhl’.” ‘xPn])

WR I elatl,-- b-1) 8 x, £ x, B, WER p, £ v, us T u £ v 95235, Fik p,
Ruf%Hp #uw 5p.-- p R T BIREITFE. AL € la+1, .- b-1) 175 p,
& v 9SG, BT ST s M AARINUT AL, BT prye s Pas Por Pasts** + Poets Ports* ** + P
W2 T RS FUe FAER—NHLE T MREIHES p, BEE—NHE T MRS, B
Xus Xy TEFEFI FABBEIHED g, 648 F({x,,, - . x0,)) < F((xp,,- - 1 x,, 1) BIAEE—FBLH
575 i 2 w, v FEHEFIH AR o

5B 3.1, RBEHTH u, v ABLBHIRR T HIBRE I HEFI 75 5 i B 1 4% 2 8 il Bl iy —
DRI HEIER L u, v BIFR N, BNAERBEHENTEARBIFF (x4 5,)0

BB AR T, S5 — 8 n— 1 D SEERE 77, A gnd Ri— A T KRR 5 5
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FESCHIRT, RN EH IR, S S, BIHFEE S —MEERNE RICREEER
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MRER (+ BRTHPIED. WAHERBRINMTER:
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342 E-iER
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L HHRE], FERTAREEED, REEAEY 0 E S B A AT O e 51 3 e
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BRWY, XHAEFEIBR ST LU — NIRRT R T Z0 2 0 % 1 DL R i R4 1 F B
& L&, PR EEA RGN R, BT T IR, @it — T T bR LR R A
HIZRIFARERE DRI A SO E— 8 P BESRINGR, HILBTERNT LEFs). &
BeRER b, AOSCE T R AL BE RO . B — R S AR A A R TF,
B EBRK R T RN FIFIE R R S ERR R A AT E . 5 e
MR FMRGN T FRAE AR, EETER, HILTFFRAFENRSHEAY
FAREPY I BAOME. 5 SLIE BT L LUK (R0 PR BT ) 6 4 FEE ARt e . A A BV 0 A o 72 4
Ko ATURBIEL N, &30 — R AT T 007, BEAZEKTER, 43R5
TREFEFTRKE R .

4 BFiICRREE

EESFREN, HOBBAR EHNA, BRE520EEE ANERFATA
MIRRE. AXFAMMAREEREEERTCEHE THRMI, (BiX K L5 b
AR R, BFEEKPHIR, TEHED 5IXBEEMLN i EE SR BRI
R, BT e

L AX PRSI BRI T =M ROMRE, REEERK=4%RE
59/ 16 H, (Bt BEAE 1 ACSCRT IR FA 1S BB AR AR 00 14 57 2

2. FRT EOCRBEIM =FEA RIET, REGEESHEL bR MRS
TESE N A5 A a3k 2

BRI BIIRE 5| KR, A BMNBIER T — SFR, N8
FIZRMEEZ EHBRME SN, B WA LED) ik 169 8 F 1758,

A
B E I EA 2 R IR TE .
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A —ET RN BEEERFRE PN A BRI EIE SR SRS

IR E R E VI AR RAE T

RS BER AV FRNAE .

RO AR -

RS H T RE H KIS, YRS EEER G R
BRI F¥ SRR, SREX.

BRI —F &R, REMBFELZARFERRICEHER.

RSHR A E KERY I E R EFRN LB P S ROEEAHED.

S 3wk

[1] Wikipedia,”Weak Orderings”,https://en.wikipedia.org/wiki/Weak ordering

[2] Errichto,”Lecture #3 —Exchange arguments (sorting with dp)”,https:// codeforces.com/blog/
entry /63533

[3] AtCoder Grand Contest 023 Editorial,htips://atcoder.jp/contests/a ec023/editorial

[4] CERC2013: Presentation of solutions,https://cerc.tes.uj.edu.pl/2013/data/cerc2013solutions.
pdf
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ZCFEEEXEE WFEFEE—F¥ ERH

KT HEEEREE

WARBRFESR ¥ FRFT

i =

FTEEARRF AR L TLOE. ALISNBTFOBOR LA L. §AHD
THBEGRE, BELRTARFG@BAHHETE, IEMNEELUAT LR EITLA
Mr@mATTFaBROHEBR. ENBHEORMTHETRAGE, S TREEEA
AR ey m .

1 5IA

PSS B FEERSINBE, BIER KHIEP B R IR. (B B AR 2450
RGHEEEF RO R A, KEHEFFE RN RIS HERBE. &84
SCREKESE 25 () °F 1 B R R HE A K R BALET .

AXEFNBT FERERE CORMER: E=HNATHEEOMRRRE; B
W357/48 7 DMP HEM Tarjan BiE X B FHENOHERE: BESNAT FEESE
B, EBGHT =MESEATEHER: BATHNE T REFH 5% 000 i %09 8
FKT ®i%.

2 ErEEiR

21 ENX

EX 2.1 CFHEE). 8 G R F i b B AR K R 7E S0 H0%E, NKE G AT
. @ ARAILAZHERAN G PR ERECEE .

BX 2.2 (). — AN TFEHBRASEENFELSRE T LEBNXE, §4K
BRA—AE . TFEEKIRFRAESMBE, & 0K A . ST i
KT T ) 32 3R

ER, KPR EAMOEATAEE AR X A BA1E T LB BRI T R E 1
BRI, i SR T A M AL A2
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AR TFEEEXHEX WREFESE—PS B

it el B, ARG R AT LA IE S AR S AR TP A, RS Es L
T 78 2 PR L A T

EX 23 (HEE). # G ATFHER—FEEAN, EXEANEEG A:
1. £ G P —APEE— A, fFA G BT

2. W+ G PTG —%Kil e, HII—%K G R e HEHEY o MLTKIFAE - HITA,
He EFHEPFL e

EE, LR TEKRAGRTERER, BHxEE G #rffh g MEd. Rk,
EGHAE e, WG P2 ERK e, #FGHUEMNMHANALURAAZFKIL, WG h
S XA X R L2 A B E

FHRIN, HTF-NEENTEBEANG, ERXEHXERELAS, B (G) =G.

22 BRARK

EIR 2.1 (MFAR). s F— il d) FRHAG, €095V, AHE, AfF Al
TxRA:

V-E+F=2

e, [EHUERE G BAERM T, RIKMREEIEN L, GRES4S U E ST F 81T
A1, OB R V-E+F A%, M2 i FHERR T BRWLEV=E+1,F=1,
HMBEREV-E+F=2.

a

EEE, STHEG HFEANTEMERR G, G, Ik, MABEV=V+V,E=E +
E) F=F +F,—1. WHBBINTLUEBE V-E+F=3.
T, BIAV-E+F=C+1, Hdc NEBHRH.

BIIE2.1. s F— AR LB FHHEANG, FV23IUNAE<IV-6.

JER. A E <2 HZMEAKE, B HTFE G AMEE, Bril G e MmNLR LE2AE
=430, MBFARSEHEAMEMEE, #3F <2E, HREANHFANRE,
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X FEEEXEE WFEFESE—+F BET

3 XHEE

ALK, —ATFEBRA G HAHEE G SKhr EAHT ¢ MIREHAIEE. Eohik
IR T 455

EX 3.1. BEME GVE) MEE VUARBENETES V,, Vs, WIHLch— A8 5
Vie F—ANIRARTE V, BIFTHAMMR T B G A8l H— SRR AT REF R
&, MFRAR/NEL.

SHE3L £BFEHENG O EMIE 5HBE G 69 G F BT ——r . Mk,
G RDEFRET G PRI,

AP st FEFEBA G I—ANE f AR L, B s ZIEE—FKille, 18 f
SAEIRE f 5T f, BEXEBELBEED e (8/NF. WEEND & 5 £ 3 £ 08E
B, BUATEASEHY 5 i 0 2 [ (0050 /INE ] S3H o6 BTSRRI E e 1) B 2 1 1 ek
L .

BURE 1 (WIS BMLEIE ). 2858 — A nxom BIFUMG I G, AT q WOHRAE, BRIEG LT
GEGE

1 BIBRPEA 5w, v Z A3, FAEEARVIRIEZ 8T u,v 2 faH .
2. WRIFAN SR wy ZEREEE.
l<nxmg<10°, HR{EGRHIEL.

Wk

B EHBEEAE R ENSEEENHEE, WNEENER O(nm + g)log® nm), FoikiBit M
J@n

BREFRANLINMIAE T EENE, BALEEENAES, HS 5V-5 SHK
FUSE P R IL A R B BR . bl 50 BE 3.1 np e 3 B B R T E A — A R 1 b ik
I,

MR EE X BEE SRS, BAfAFEEEP M ERESEE, HEEGHA LS
A e 2 BNYER B e BME T .

LB RMIBRIA € - (u, v) BHEREEXHB B _E AR (030 e*, #5725 T SRk i 09 J 1 o
M EIXFIA5 T AN TR,

M u, v [F8F FF 4G BES, SRS 51T B — 4, HEEHsEE N ERER A, Bl
ﬁ%ﬁ?ﬁﬁ%ﬁ%ﬂ@%z&&mgﬁﬁﬁomm%JMLﬁ%ﬁﬂ%ﬂ%ﬁﬁ%gﬁ

O(men log nm) .

apgd423, B A 2
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EPCEEERXEE WEEFESR—PF ERF

KR 5 IR B B R — A OB E, R4 EAR BB SRR G
[ BT

i [ & 2 O(q + nmlog nm).

WAL O(q + nm) %, VERZ%ECHR [2]-

3.1 FHEERKIE

S —K n A AITEETEBA G, AR, RI14E G hEA AP LRHLE,
HEAEEERA ANAR. RNFBERBEHHER G .

Y8 R TEIY () FRFRG I u— v By - u, FRGA S H RS .

MEEI e u— v HE, FUIRHEL v TR o 4 e SREBINE — Rl ¢
BN & SREEAE T, HBIRAT —AF. TR, XAHHKMBET G 0—AE f. HT
AT, PR EAGAYIER L T, X TS, BF b R e .

W FAEEE, TR G R0l e: (u,v), % e F0I AT A5 8 B R 5 2 1A% 34
P

WA B 24P O(nlogn), JETVET4AARAHET .

32 mEM

WsE—ok p AN EMERTFEBRA G, FHMAER m AT EFA, FERER X
B G RN .

MR R R TEANEHE B E SEZURF N, HEZRER Onm).

T S B — 3 R XS B A S A PR (T e . B XA BRI LR, TR R ¢ 4
P x = IXEABEREL LA E, BAREEBAKEERS, HREXL, URERY
B SFTERT . XAl LUER PR Y, SREinn RERBEXA G L FREm
Shidr, RAT LA 12 T L R T

I 18] &A% 5 O((n + m) log n).

FLiRSTERET A] LA set R4 5331 ROARNT IR, 6 765 ek ST b 2 1l i 21 M 2 14
B K/NEDE] . TR RIARSTERR T i A UL 2 X, FRAA M AR RS WU A8, B A
e HDLEH IR

FIg 2 (WC2013 “FE ). %53 n D ARERTFEHTA G, UWHH. H q KEH,
A EFAFE LA xy, EREM xERy FEHAORERER DRSS, EN
UL N 25 v S

I <n,g<10°, ALFR{EHE [0,107].

*https://ugj.ac/problem/57
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R FEEEXEE UFEFESE—F BRNF

e S

AEFA EEA R RERE G MXBE, 3458 8 i &5 BT w38 8 k.

AR P ERAGEESNTE, # B HE AN f R NIEE. — AR TR
HREE f AL AYRE f WER. BAREMRESE iR A, B4
[ IR B ok R S B R B R A BT

PSR EE G LMME, MTFHRBERTERG L, SXWAFHSE2
BB KA R DRI XR— AL, R 8B/ B 5 13 18 b B8 15 8] 0 % Aot
BN TT,

B IE) E 4% O((n + g) log n).

4 EmEEHZE
BERNDRE R ERAE - MAENERTRVER. RATE U TRumEE.

ER 41 (FRARYETR), A4 EATFOBRS ANSCHRALE—AL Ks 3
K3 895369 0.

Forp— A E A B X A B AT T R LA T B -
© ERERF (wv), FRES x B () BEAY @, x) 538 (x,v).

B SR, BEREXAEKL LEANE T DA,
IR EESREHTHE, ARNNAEMEEERENAN, XERRTEZ.
FTEAERAN) 75 22 B 1 2 ) S i e X — [ J

4.1 fafk

AT ZIGHRUATTE, BAIIEMST o] EHEAT — L1k

REFEME N G(V.E). EEFARME 0 BT FEEREEM, LR G
A e B

REVARATEIR G HINEAD SEBS &, H5%E G WENMEERZ AEAERH. 3
FHRORXNEEN B, FECHE S v, WAL G NEIE y HEREFAFEG,.G - ,Gr
ERRy SHRESNFE G . FXEERHEETFEY, MG ba05 v BikE)
SRR, FHE A v PHERREIATE 2 G — N TFEBA.
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SRR WREFEE—hS EEF

42 DMP B

B, —MHBRMNAAZERNZSHE AMUEFEENOCE. REWHRE 7 TE
Hv, ENEFEERME, W4 G2 H -GBS TERBENDSR, RMEWT.

EX 41 (BE). ELEG#TE H U HEA:

s Eile=uv)ikRueHveHee¢H, WHuvS5ldelWRT —1E.

o EEGMEH PRAFEHURNEESE GGy, .G, WNTHENGH G IEF HE
BRSNS G AT —MEL

E B MHEE AN FIRE B A T B H iR, BREAF AR SARM SR, FR
FRABRRPATHINE RN ERGE S MA s, MRS E.

AFEIEREE G MEETE, UEME—EMT 7 RENIA, SN2
V. X, MBS T H L, e FE A bR EITE S
F(A). BT

1. FFse ¥ H BN G HEE AR, Rl G AR

2. HAERNBLA WL IFA) =0, B4 G AT, SRk,

3. BEREFANBRABL IFQA) =1, BAXNBRETENTE fME—FE, AL A R
f .

4, HW, EEABRAULEREBRARIDE f.

5. BAVMERMERE A T —KIHERE PN £, WEaBIRMANE, ZFEH H U
B G 3 H Ror .

—_

6. # G PREMAR, M4 APl FREE BUEZ 2, 4ERIT.

HFHEELIXAES, MEEREREES Or).

Ktk —esHl L. RATEF HENBR A NRARE FA), AR —
B AR f BIRTIEV R RPE N On), BBELMRE £ BWAFESHFHEANE £, o BERR
A, FBANFTIHE.

M A FH LT RN A L

o RFAMEEME £ MIHBARURES f e FA)-
o MF-AMEEMB A, WHIAE £ REREH £ e F@A).
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R FEEEAEE RS FEF—PF BEF

TEREE LAY S MR B S 3 40 Oy, #54 LA_E A i3 B 7T AZE On) B9
] P AR R

BILIERRREN O(m), BTLAERE R B J4FEA O(n?).

FHEEBHXAFER E#RME. B G A FEEN, Fikfes b M PR,

EX 42 & LFHABRS, T AP oeE s B 245 2 DL F &4k
« FS)NF(T) # @

* MTER fe FS)NF(T), FEFNIRERZPCS,QCT, 2 P Q FaeRAMN
FHBAT f F.

SIERAL 5T RES, T, HA|FS)22|FT) =2, WA FS)=FT)L|FS) =2.

R RAEE, BRE F©S)+ F(T), MR EAETMHFENE f,g.h W2 feFS) ge
F(T),he FS)NF(T), BT S. T RMFER, FLATURIINEINERZPCS,QCT, ik
REMHET h PR R .

BT fe F(S), BrLL POTLAEER £ sPiN, R Q ALAYETH ¢ PikN. M FEE KR
FIRRATET h B95ME, TIXSEPR S0 TSR AR h B, ST ol B i
BLh AEE— B REEE. X5 RBSE UFE.

BTEL F(S) = F(T), 3 |F(S) > 2/, WALkt =ANERAFRE £, g, h B EiTig,
H|FS)| = 2.

O

BEEXEC, CHRENEG MATHBMBIES, C hMA S TS AN IXH
TERMRE.

5142 SHARAHBRIFA)I 220, BCR=_5A.

BB RIE%, RRFEETH, PHRANALAL - Ap MTFEE1<i<k A F A i
ZmFi,

BB 4.1, ATH F(A) MR EXANA 2. R FA) = (f,g), HF A F A mog ko 1
Ry ENIAREMRNTER —ANEF, FrEARAZ] £ FRNS ¢ SERRMIRL T IX M FERI i,
HEARREE R, FJE.

ETE4.2. DMP H &R E 5.

Y. FEHREH T D FERAN, B4 G ARETFHE. & G WTEHEANG, A
¥HAE N E RPN .
Foais € #RE, BXMFTRE G FE, Wi G BHEATUSGE G HTFEHRA.

WR2FEEFEMCETFEEREIAILT 55



ENEEERXEE WFEFEE—PF BEH

EREENR AR |FA)| =1, BLE&HHERE P FIRAN T ELR B2,
H—EM G KRNI IEARE

0, FrEBRA®ELIFA) 22, R&\EITE A PHERRZ PHBRATES G AEAM
. ZEEC B AFREMNER>E M, R M BENBITES PR, &M PHaA
A Az, e, Age

5 4.1 MBI 42078 M RSB H FA) BMEREKRNG2, TREG BE¥/M
T BT B B —AE, MAMARKAREGE:, FHIEN PRBRANTIES G #IH
NTTiEAA .

4.3 Tarjan %
AT HEHE N PRBARE &1, ERAH T,

SIHE 43. s F—AFHHANG, ER 5 x,y ZH0H ZF%42 pr,prps, X=F&HE
HRR TR EFEEIINERLR R & (x,v1), (5v2), (X, v3) B F A pr,p2,p3 EHH—FiL,
(Wi, ¥), (Wa, ¥), (w3, ¥) 251 24 p1.pa, p3 E8IRE —Fid. 3 x BB = &R eT4H3E 50 4 (x,v)),
(x,v2), (x,va), Ny Bl B = FDREAHET] A (v, wh), (v, wa), (0, wa) -

IR, B E Y B A e E S, (B MERE RN AR S, L [5].

(m]

A — R RIS FR 43 (S E, WA vy 2T =452, BN
HHEFIM S, A G AR FEEHA.
TN PEEZ R, b H—il S8 A S H XrbE.

ISR 3 (HNOI2010 “Fi A E ISRAR). 45— n A m FUARIE R EME G, 5
1 G e R, 1A e T R PR T AT I .

1<n<gs5x10°,1<m< 108

fi# ik

WS BRI R vy, v, v MTFER L <i<n v Bl Vigoana ZIEEA. TR
HAE, AW v = v, Varr = Vi

iWa— b REEFHL a— bNabEMEGREBPAZL (v, v,) TRLIEKIZ.

EEH MBI, 3T —2%L (v, v), AR i > j, REUBEAE v, va, -0 v, X
SR, BAMEIXFEEALN. EELMN, W v, B EEIREEHETA v, vie), 0 v 0 Vie)s
HEEAM, W v, 8BRS EHEF N (v vie)s 00, V), (Vi vie1) e

AREELEARW, R %R0l 2 8 AR .
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EETEEEXEE WREFBE—hY BBHF

5344 BG FHFRHNCHE AR Y RALR—MEI 5 20 Wi, v (v, v, i A

j<l<i<ks

. FFEXFERE R (v, v;), Vi vi)s MEE=% v, B v, 08852 PLpanps HHp v —
VP2 Vi — W = v pyivi > vy —s v, PRSI 4.3 AR HEFEBAFRE .

ADIFEZRERL, WS — WM (v, v;) SRR EEL R, Bao— Taa5H—
A0 BRI SRR th K 1 X 1568 JRE PRI, i B 0 2 0 5 0T v, — v; A 5 2 i
ML=,

]

BREVEG, G PHANG HRETER MY, 6 HIhFTRE ke,
XM 2% G HEJAAREER—M.

MA—DEENFIBARINBL T G P—NRob, W 6 BENSFN LR
B G XN 3 7 72 T R A

WMRRRUE G JE =4 ER T LAREI 2 Om?).

R, BRI (v, v),i > j 5B i AKEVMNERF, 35 i R j WNEIAHERE, %
PR LR, S RIFR ST M Ak S M AT e A M.

BMPHENNF, BIOATHEREEEANCTINN vy B2 j<i<ir FEl
PRFILNER R T . RO 2R LR %TF | 9RIETE, BRI B T 105
KAL) 1 AR,

X F =263 (vi,vp), i > j BRAVEMEN T R

L & LA RPN LR 1> B, HBRPHETENT [ <i BN
FRRBARIRT, ZIETATREER j< 1 <iiXx—R#.

2. HREHE (vi,v) IIARE L, AT ERAR L b 5ix R0k e B R.

3. VERENMS AR B R WS RGNS, F RIS R PR ph
E K L.

4 HHEDAHEL, R, BUEF 1 4EMATF—%id.

AT VR Z S I L SRidAb B8 b 30 (95658, 23R4S B, B PN TERR
TIANSFR GG G M@ . Fibd B A TEZE R 5 — 20 A LA 2K 4
B BT AL, 3F BAF G088 4 8 5 AR

KRR ERATLREFA L BT 1 00, BRI, AR B TUE B H MR 2
HH LR — NI RKEE D TET R0 1 8ME, 8 B PIRTTEER LR 45
GUF 3 T — KA. N T CHERNEESROTGE SRR KR TE, SAEES
& b BSMORID AR Ly, Ry S BIRFRIERE LA R FIRFFE AL b & L 71 R P56
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SRR EEREXEE WEFEEFEE—PF BEH

H TR, BATTLUERERBESIT:

. 4k BRI EMER AWM IR | =i HEMY, BHAPHITE TR RAER D
BHAHA [ <i.

2. HE¥s B IR TTUCEAD | RB/MEEREE j PR K, MRNT AR MEES BB ZE R

3. HHEEES R A LA R, ST, TNeHZERSBBER, BILT
Bk, FEEF 2 AT,

4, BNERTTER [ RBRAME j 8K, KA RERNZLHRZERS R LRI
HAT, FEHPATUME TR, ZER A

5. KFTAEBEH T DU B AT AR SRR A AR — AN 2 BRI, 2
JEEE] 1 BN T —Kid.

E % B B RO 2L A, BTRA LR, B EOASMRIR RN, bbb, RAVRIEZA
BRI AR LR AL BN, H 4 il ek i BRI T AR, th TR
BRI owk—YOEESBEE I, FCARIRECH O(n), SBNEREKES OM).

El

Tarjan E M A BAKA R E4RB — A5, IBEYSRE TR BEXMTEMR
SRNEAF HEEREFE, EbB 2 8 AR FH 2L B T B R

SRTEEEMER, R ENE G AAMERE. &%, X G %17 DFS, id DFS
Wy Py A G oy I, HAFGRMGL . BRATELE R, Bk, WILMICKR
BT, RN Z TIRRENLSE, BRIERERRUE, & R AR AR E IS 7 A E

WCu By BRI N u— v wB v BEHARu> v, BEuBlvBBRERe—v. A
THEGRE, ROV u EbsS N u ) DFS Ff.

i low, WM u &, ZHETEEHAERRG, BRTES—FKEHLREBIEN T
SHEME, low, A u IR, 2EEFEACREHMYL, BRTEL - FEHURER
B AT TR UM, BRI, B low, = us TUGE S low), = u, XL low, = low,, [fJHE—
Wl low, R low!, #B7T CATE DFS fd 2 IRAEK Hi K.

BETR, RITEEE G RRETRERE, B2 %IRRT RS,

BT HRBEXARER 2, BAVEGG KL EDRL.

BN 43, B %A (u,v) FHAR ¢((u, v)) H:
2v U v

d((u, v)) = 1 2low, u—vAlow, >u

2w, +1 u—vAlow, <u
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AR TFEEEXEE WREFEE—F BB

XA REE L2 GRS P E R,

BERK, BAT A I H DL RRBR NN BIKHERE . R, AT s g 4R, X
BREERAWAR R, MRERE O@m).

BE, BAVENE G #17 DFS. BRMEIE T & o, WIVEBHY SRR « 1
i, FEEHIRML u — v, WZAMALETEE, HBEE v R, T u— v RIEH
W, KRR SRR RIRE — KL, 2R AR IR YETRE.

HiEEWE, B GHUSMT ET4EE, ABFLBITFE—%BED. WHF—%%
7 HEIERE, RS ETENY, BT —FKERABEMN. BALZw Bl v—%K
RIS AER u = v.

A 1 B SkianmE

THEKS TR BB ES A RMER.

SIFR 4S5 A F—FXNSHOBZpis=>t, FREAFBUSZELEHAA T AL
G9IRARL, ARALBPA s R PAEBid XA AR ENEFTHIOE. HHN, wiv
ABRBEp EMERvEs,vEL, Wt =low,.

ER. X T —%id e, ERIANER ETTURTMNE G, B2 —&KiREH (8 &
%) GERIEMG S BN A, FEB R B RE R S AR, #EIEER
FYNT .

o

SIEE46. st F—£XHmMREp: s, it Rsthing (TUARE), Loy
t— stk EpRIUNGBOE—FR7Z, MAPpR—ARLH, TN p 2 —/E 2582,
HEPARFE—FREZ, ML pBFasL@mAL s t, RRTCEALZNEI S HGBZEP,

20225 BEREFAACEFEEREUIBAILT 59



B mEAEHL LIFRAFES—Y BEF

xR Ep NAE—ARMEY, A BRE s L, Hs#t. BUERp FHE—FK2
so v, Wy BRE KBS, RIEFIHR4L5, Eit=Ilow, FAHGHEIEEE, Ll £
sHIESE, Br=sBHMNYs=1. EFELAG TREREPHELAEE, ERIRF
B—ABARHEs=1, B4 p RE—FBER AFRIF, BN 2 sHIEER s B2 p
HFEHRERE. B DFS R, BT —Plve L, vEBE—REEST —EEEXRED v o1
ffe], Blv#s,ver, FHRGERBERAOS—ERE—KEET, WpPRFas
AR B — S A

(@]

Bl 4.7. M THEEXNSEGBEp s D Lpr =0, &p P JAENSE .,
HHs As, ik (TUARE), BRL L <.

EW. py TRTA BRI 5, FIERHER, BEIF@GRI4S p WX KDEREN, HEI# 45
ATl < 1o
3

FIEE48. T HERN S HORELSAMEANBEp i s=tpyis=t, & Ap 9F
NS, AP HEAE, FpEp XIS EE, it Blow, <5, A, #1

H low;, < 5o

£ FHA py 7 py ZRIBRIZ R, BTLL 6((s,v1)) < ¢((5,v2))s TIRPFBRIUE T (s, v)) =
2041 H ¢((s,v) <20+ 1, 8 p((s,v2) =2t+1, Blvy,# ¢ Hlow], <5
m]

RA1E R BB BESBAE Tl . 4 c RE—KEE B9 46 M2
— AR, c P EEETERB LI sy vy = - s v, UE—FKIEHII v, — 1. 1BH
DMP B HE L, G#lic MMM TH TR, BMREAR—FBEHEL (vi,u), BaR—
FA (v, w) B0 w TR B RN w FRER B IVIRED, BTl —%MH e PHIRBEAR
R e A (viow) WEFRTRLT —4 G F BB,

B, ©RENFTA R R AR 0 f R e R — AN EEM XK.
HES—KBRZR45 25, DFS MRS 7 #NGABUIN T2 121 v 8.

MR, FMRBEAFEE Y > v ooy, L, BAEELN . K0 )
REARE P AT, 38 (v, ) 2o 2B B 7 220, 00 v, A BB RS 2 HE B (v vic)s (v 1), (Vi Vi)
EHELM, W Vi JE [ e - HER R (Vis Vig1)s (Vs 1), (Vis Vie1 ) o

F—ABS, WEREHHAE—XBENp, BMIHHEE p ZHTHBRREEHCER
AEFHES, BALLTFII B LA p RIRANEE MR ELRME, IHZEHFEEX
HE,

5149, B2 p:vi=v, REEAEL (&) MEAREETRBRAY; <y <v 671870
H(x,v) A AEE (B) M.
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@.999
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WA HERAWL vy < v < v WEHD, W HATRASGLFEEHEANRBEIF v 5 v, Z A5
2, TRAZKEREp RBREEy, 5v, ZEHE, BLABA—ELE.

ERETFIE vy < v < v BB (x,vi), FiFERE p BiE PN AU p BN
FlEM. ER, UUF2EidR i B2 5 208 R e 1 .

B Qo) BIERIBAN S, BIERISHIIRZBA P 0= weo B S FHE—KRI5 H 12
Zh V= v, BRI, B4 Vi 2 Vie

L. 3 v > v FE=% v, Bl v, HIB812 p1, po, pas HH pyivi— v pa i vi— 0= v, ps -
vi=>v,— v, HEIHE 430K p BiEBAZ LN,

2. Hv=vy, HEIE4TAR Y, < Vjo

2.1,

2.2,

Hovm < Vir tiE=% v, Bl Vj IR P1s P2, P3s Hrp PriViE—V,pr v —>
vi= vy py NBS HEE—% v B v, RN Ly, — v, 5343 75
p TiEMRAZE LN,

EHvm=vy Byz 85K pp EWE AT, BEARRS BEEEEE (x,v)
2 # v I H low, < v, WiH p' € p ZRTHRI K, B 48 &y £ v; B
low) <vis B4 low, = v; FEd low] > vjs 18w = low], BN o' = w.

B ARy = v, 5BEY — o > wlIZPRS B RN S, AT LUSIXH
%ﬁ?%ﬁ%rjﬁﬁiﬁfﬁ’ g Vi V=V — g Vi % Vi— o' W=y — q ~
wr Fo u o v A w Bl v R ENERR. BUE X ¢ NER v = v,
582y — o= v UZPTREBANA, KX EBETFRAEER.
M=% ¢ 3lg’ BIBREE pLpopy HFprig—vi— g, prigwywq,
Prigww— v w g, HEIHE 430K p TiEMAZELEM.
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O

FILLEH, %5 HA EEA s 513 4.4 A0k, S=Bs b, E EmBEES
WK ZE, EFEIIENT—&BRE p v = v, REEEMEA.

T, MWARERE p HBS Bk HNERE, MRS HILEBREIFRPNE
. FZMR, MABRZp /G, WTLUKE p LI v, — v, MHEH ¢, 1BIFF] S PHEITHE, B
Ay RS FREDRERENRAMIE, 5 p AL EZATRARBEEFE, WS BHE
BEHTRSEZ MM ETE, MAFHE S AMEGTRAR,

Brek, BATAT/HAT LEFIBHFZE, HEBRIIBANER p £ L FHUTHRE.

B, EERRFEN—THRERL, ZEBHAER S REGE. FBS 65 B4
BB R B R thE T EilES. BTBRS REEALTH c 81—, FrLUR B +BLS HEE
RBEEIFR—NEEY, HEFEL . FIUEKRBHE S WESREFRNEH LA R
MITERRE, G HFE, E R W R iR, BXEEERERRRE p — AR
RIGEESR, BFHNKE B . &R FHREMCHIERET 7 EAHEMEERRER S LA
Belii ki VA 5 i T e A il

gr PR, WAVEE] T — DRI REE On) B il B E A

5 FTEESER

EEAEAERT RESNAE. EFEET, RITEANGHNEEE.

EN 51 REE). BT —%EAEG, BEHEANE « EAR—AFE ¢ HERTFE
Bl ), B ocu o NAREAARGT RN —MEETE. £8 G HE—FERFSEL

FMEGEREET R, MRXFHTRALECTR. BGHTL-ECN. HEH G2 k-H
BN & FRONE G IR (G)-

EES1(NEEHE). £ EF@HR G HRAET 4-A 4.

UERA L [8]. DUt EANEHAN RS M T —ME 0n?) B 8] A% T 1 P ) 4-75 (807 R
Hik. BHETTEE, SWAELNDH,
e b, ROKEGETERSEE A 6-BRATR. ik, RINFTFELITFSIHE.

I3 S51. FaEF—RAEEMNL Y, HASudEHEALES,
iEs. BTG AEHS 6, WAHIV<E, X558 21 FE.

m]

Mo TFEHEG HiBLu NEGHlZE, BEEG. RIVERE G BHATEE
&, BEEHEA u MEEERREE SEHEN S HIE MBI,
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MO — T RN FEATUA A s-HBHE. BRNRATIT LA w BEHhS, A58
I B 3 U LA A R 7

NGB u BE R B S EE R ST 250 vi,va,vs,va,vse S gy, OB A .

ERFEMEAN 1,3 RO SHTFEH, v 5y, ki, W v, Fegdhs
MBEEE (12843, 32h 1), WIS S « MTIEER 1.

BN, R v Blv, £ HPR—RERBERS o BRME, hABdEER, X K4
FE AT AERISNER. SR B BTG 2,4 AN SHTE A, B4 v, Bl BER
il FAlit, TATHE v, FIEEEBRGERE, WK A u BEEN 2.

Erbprid, EAFIEATLIE O(n?) B A 4 L FHE N s-H G XK.

BO - M B A AT - iy BHE A -5+ 085, HEEkFHELT 3-EtH
{379 NPC 8. B AR T RIEAN 150 — FE PR SE 3R A B

EX 52 (M), sECFHEBA G A=A BN BN G WE A BEILR L
LA 3.

AT =mEnE, BITTURRHEERET -50.

SHR52 ZAHSEGC T3 HELAMREGRAFRFE, Lo Fib7HIge02—A
FRA— MR, THEEOF LA Lk,

e, HATRTFEERELE-HE, RBITIAETFETEN =S A%4E 3-E6,

ERAN, n<3WBRML. ¥ G NAIGEBE, W BARLLEILIFRE T X
nalRE, REEHF. FTREG N SMEERE.

BRMNZRIRBNFA &, FEMEXAD HJF G HRAR SER. % s i RN ¢,
£ ¢ BAEREE — AN IMBE AR B0 A us B u QBRI A (1), (0, va), -+, (Vi)
BT G R =M B, BTLL vy, vigy Z 18— FELEL (B G, vi), (uy visr) FTEEROTE 38 8 > 3)0

M u RESMBELRANFHCc: - s Duovy oy BRHT 1o oy —
Viel = s v v — e, ERE M u BB c B35, W ¢ AR BIRIR, BT bLiE
u el G haXGEEE.

BUIZEA u,v), EHE G AT RN, XBAAEAHIALERE wv. BIEH
WEE, ERNMEIEA - BEFR BRP-ANBINSRINHEERS— T8
HEGHWI-HOHE.

B, RITMTHAERR L <i<kl v EE, BZA0HE, 5 v KA w, ZIEW%
A AER— %8 A w; WEELAS v FE, M w; B5iGEME, XENEGHF
FARRTE, AT w; Mu LR v BRFRTE, FUFS w, OKELE RS,
CARE S w; P ) s RS e AR ] T 3 B0 LSBT AR vy F vy B, RAIEHL v,
B et R MR, FTUAE BN o SRS ENEARREGSEE.
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N EEEEREE WREFEE—PF BEH

fIE 4 MINGMAX IP). % F e & EAHRERKA n FBEUTFH o, FITEIL LM
HHE Ga), A nMEENERARHR—H, BEN1~n BMNAREEAREMIHKER
B AR BN AED, XBERERFEA SR KNMERRXHEAN A o BIKAD. X TFF a,
it all; r) R a BFXIE 1, r] WREFE.

g — KA n T o, g VR, BV EARA [0 REFTE FXE (2, 0]
x(G(all'; 1)) W R H LA B g B A B KA R F X a1 .

1<ng<3xl10°

ik

S8 | NS RBRA (G, a), AT R Z AR E .

MTFALEFS a) Gla) BRVFHE. BREFHKLG ), kD EX, AP&i< ja<a; B
R ANREMLE RS, BFXMELEN, AW a > a,a > ana < aj A
Bi AEBEMEE RS, Fible<i®k> j.

1 BHl<idl> j, Wk LEFINEXIE (i, j] BN, el kB 1R B b —=E20 0
i, j PSS, IO (kD) ANETREAFAE. Mx By RN R u S ERB x<u<y
Ha,-a,Ma,—a, A5, P xRoraem y £l

2. Fi<l<j WHa<aw BorFhk<i, WkBIURIB) k2R A8 E &
k> j» & ap>a; W j st SUREAZHIZ.

BEALEE L — A 18, AR S w, B S EHERIA R AHETF BN (i), (w,v2), -+, (1, Ve)»
W20 TAEERE ARSI (u, vi), (4 Vimod ks1)s Vi T Vimod ket LI EFMARAELL u AR
A ATAARR & X A AARER AR EAMARKRBP . 55100000 A T EHT ROV EDHE
HAEAER T8, Hhibigxk.

SN TEEFY o Ga) RE=AHSE. BRE A8 > 4090, BF AR c:n -
vy = e oy o vy, AGTEE v RFFE v ERME, B4 FREWRETR v, 5 v ZIAYE
fqih, FHE.

BE, TN FEDw REANTRFESEMNSE o AR A TEANRIRS
AAH u MEEONFE. X2 LRk AHEL.

FEEH Gall; r) 33 iE Ga) XA L] RS R T, BaArFmaGE K
BRERESE n A, ATLLEETE T K.

A2 BATALL FAIE T2

l. Y(Glal;r]) =1 5B AI=r.

hitps://loj.ac/p/554
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R TFEEEXE FREFBE—hF BEHF

2. x(Gall;r)) =2 HHMNH I <r Ball;r] 28 FAKEZRE TR, 50 —EHEEA
I<i<riff aiy <anap <a; Rai, > anan, >a, BAi-10i+1 T =,
aﬁ% 2'§ﬁla

3. x(Gall;r]) = 3 Y HALY all; 1) AREFHH Glall; r]) $REFHFE.
4. x(G(all;r]) =4 ZHMN Y Gl ) B&HHTHE.

EEP S XM AR AEEN, HiaEaBNENaRearR. TRRELEN
BN, BEREBERNE, ZEMNEEARHE, RSRNEPET,
B (8] & Z4FE O((n + q) log ).

6 “FESEELE I

R-TKEM BRI SR RE RN, XEXNT 4B &, XA [ BEL R #P-complete
1. (B FKT SAREZE £ TN A1 4% B P9 B0 o) 2 1 R 0 5 6 U AR/ 3.

FKT AN ERBAER, HseRICAR LRI — A R HRAERER pf, TS 27T
LARRAL it BAT IR, T8 81— s R 3.

BITEATHERB S EPHEN—MFEHRA G. b b, 2 5830 A 4 E T
EREEIgEEH T — A PR 5 .

BHE G MR MRAMEREM, FNIE G AN 2n. ¥ G REE, WX ES
WAPFIPATEL PEE, TG @, X G MBI (G,), # i M j 24740 G, = 1,
B Gij=0. M4 G HIFEFEITAREL PertMatch(G) Jy

1 n
PerfMateh(G) = 5.— Zp: ]:[ i

Hep p BUBFTE 1 ~ 2n WHES. AT RBR B T8 —Fh s L UTRC AR L0 B 270! Fi
A #HEF p.
MEF—MEREA, RITE X pf(A) A

] n
pf(A) = gl ; sgn(p) !:l[ Apyipy

& a(p) TS p BIEFFEL F4E L sgn(p) = (—=1)7P,

ERBIXPAN AT A0, RATAE BB W AT LA —MERE A, &M HLABEEAERE R 2
BTREMBNOTS, ERXLHSH ST sgn(p) AR, T2 RTLUEL T pf K
KB TERILAHT .

TNV FEBA G MERILER, ZEMEEREAN
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1 is»jel
Aij=4-1 j—oieE
0 i—-jjoi¢k
b B NE G Wi85E E e AR RIS, B 5 RIFERE A NRIIFREER, BI vi, j, A, =
~Ajjo

6.1 <518

B2 6.1. ZF@HAGV.E) ¥ E@HLE, dTFHEE—ANKE S, fOLFERAF
HEM4H A0, BrG5— AT EERS pI(A) G TKHBF, A1 IEH -1,

JE. D f(p) = sgn(p) n;;l Aﬂﬁ-:-ﬁ:a“
BHAEMNF—eRLAE M, EHENMNIEZEANES p,p's #A f(p) = fP)-

. X"J’:F‘ P LP*EEWEEH‘J)T:% Pai-1s P2is 16 P” y‘U%E P Li:'ﬁ#{: Pai-1s P2i ?%@Jﬁﬁﬁﬂ’]]s l:h:j:
sgn(P”) = _Sg“(P) A Apu.m.—l = _Aplr'-lup]f » FITEA f(p”} = f(P)°

« 5F p FHELBKFHENTTE (Prizts P2)s (P2j-15 P2)» 18 p" RTE p PR pricy, Py
FHZW poi, oy BEIFIEES], 4 sgn(p”) = sgn(p), BTLL f(p”) = f(p)-

HHRI, XHMHREBEE—ERRME p 2R p 8 f(p)=Ffp)-

SEXFMED A, B IX#RZE AAB = (A\B)U (B\A). ¥ T K/hA k BIIA%K E = (Eip, E;1)>
it g(E) = [15: Arpt, o

ZIEEEM A EEILA M, M ULREI3 R AT p, p'y SR HIXFE AN 52 R ICHEC
SIRRZE MAM', B4

e g(MS‘;ﬁ{ﬁgfj}”) = gM\M)G(M\M') = g(MAM')

2EBE GV, MAM), AT ENEREALNO, B4 N2, TRBEKEHETNH
PARETAIAL S H K. #— 5, X TE8MNF, TELE M FHEs M PRLZEE N
W, FRENH—ENEHF.

BT EAMER S ER, BHANEANc: vy s v > >y >y, NHIEH, #
AMEIF A imes - E L E a 2 AE

Yo, CERAEREAESEE v, BB e, MHHA f. FERSBEFAT (AFEFE
HE&) SHKAER, B v+bh-(e+h+(f+1)=2, BHBv-ec+f=1.

8 Cw) J9TH u PIRRTEE T BT %, AR Cw) = 1 (mod 2). HREKEHTH BN
BITH w 89 Cu) SRFN, X SLBR EXTRE T (B3 o By A RS 4177 18] A3 8 a 0 b ™8 7E AR R A 34
A% e. [ERE TR OB EH LY B EEENE R RN, FBAEBHFR+FE
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HEFEEEXEE WFEFBE—hY EERH

PR RIS £, T RER R AL T E [, H LW IF— O B TR (R IR & ik, BT
PARATH 3, Cu) = a+e. 7£ mod 2 % L F k4L S

fEZC(u)=a+eEa+v+f—-l (mod 2)
BHA

a=1-v (mod2)

BT 5ERICAC M &ik4R 7 REFP AL, TX0E TR E A S S48, FILLA 5K
SE v BARBEA RAREFEIXHEN LR, ) a HEH.

B M7 R M SRR BRA RN B EREREBRINEELR, B2 c= MAM”.

AGIEHES p TR vy va, - vk Prats s Pans p” T vy, va, o Vi Vi, Diats e Paas T
H sgn(p”) = —sgn(p), g(M”) = g(M)g(MAM") = g(M)g(c) = —g(M), FiiLL f(p) = S(p")s

SEETRBRIELE, —EREE p TR p. & f(p) = f(p).

6.2 EMBFHE
DUYE 5 A R 31 2 6.1 R i—Fb s .

513262 AXFEHNG UAMEA G, FTEE—RGOARNT,, WARET,
PHIL e )18 ¢ AR G* FHTA LM R TE T, £ G #—IR% B st

Y. BT, KR, BUER T, B—NERE, RIE3E 31, XN TE G h—4 g,
58 G T EEMERM T, F/E.

HIR T, &, BUMERENERR, SNZEMESRE T, b, B\ 3.1, X3t
BTG HH—NR, 5GHETHMERNT, F&.

FrLA T, & G* (19— 434 i .

RABNPIT UL FHE:
. #H-FEEA G N EE G .
2. HHE G MEE—RERK F, HXHFLIEEER.

3. i G BETEARE T, hifil, RIESIE 6.2, EAIMMBIAMMRT G BIERW T,.
4. HH—A T, FHARFIMNBHE BT v LR EHERL .
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5. FEEEIMF v W REME R E — Kl e ERWET 6. & IEH AR $H2,
¥ e 5E B R4, B e 5E [E IR &

6. ¥iv e NT, PHIER. & T, PRE—AINBEN A, MEHREZR, FNEZD 4
GkEERAT

A 3: 5E Rl

FER BT RMBE — AN ST, LAY P ST o AR 14 58 RGE 1] BLR B A A ORI
B4, ATCAZESRGERad, RAVEBI T —F 2512 6.1 K52 .

63 ItE pf
B3 6.3. 3 F — MR ALER A folt SEM B, A

pf(A)? = det(A)

pf(BAB") = det(B)pf(A)

WEBA L [11].

B3 ¥ 6.1, PerfMatch(G) = |pf(A)| Al A B AT LA E BRI A BATHI, BIFRENAT. i
B E 4 E Omn’).

ERNGER R F, LHUSE, Tk FREBHFEME. RONEEX2ZHMEEFR,
THIEMME, XHd T — R

L, RK\|EESIATRAERS ., B-NMEFRNAHEGN ERORLEERT
BREGR 135 R —1, BrUARATH EE i RE — AR I 58 DT RS (1 — MR A 2 TRk IE L5 .
EoANETH pf HRATEL S 6.3 B3 VT ERFT, MFRMNSHRIENRS.
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X PEERXEL UFEFEF—h% @i

AT EGIR, TLLEILTES|H 6.3 h44ERE B A7 5H, ZJE B R PAPRAT — 2K
TURRHE RS AR, BARET B %S0 [12] [13). 2% 300K [14] £ 1 T 4 (E &R 1ot fa]
RRE o@n’) M8 pf BB,

ATEARIL, RE FKT $EA G R, EERGHTSLE FHENEN. £ 5
B, AT U RROE I i S8 4 78 SR UTC 4L R x5 SR 0 7 o e 4 TF 7 2 g b

6.4 fI=

IR 5. Alice f1 Bob 78 F#. B —4* nxm MBI, MM BENMIBE U i I
I AP &k ME T LA — . Alice f1 Bob FARTUERRBN—DPRERFHK
T FBEBTF, Alice £F, KA FHAM. Bob RS TUASE Alice | YokZ 1
FHE AL,

B PR ETHE R R A D BT B AU 5% F - — 5 MU E A B AR BT, 4%
A, S PHUNR RN 0. IS UL 96 S B0k AL RE 2 A,

RPN B Hens ENBEHUERE — N SEALE, 1 EFTE AT Bob BRI mmE,
RPBUE RN T8 REAE Y HOCYTERE— B BUE N RR. &SRR 998244353 HiAs,
{RAE Bob EF i /3 T R J9 998244353 1% .

l<nxm<400,0<k<nm

Wk

BYH G, SHFAFERE B TOE TR, ERHAMETEE AL, T3
MrEd. % G 1 AECH 2.

£ 18K Bob EFEHIET 5 Alice LUUEIEMIMKFILA, M Bob BEFIN 24 HE G ) —
M FEXILAL,

AR, BR—NEEIE M = (M0, M;y) MEEPER TR, &%, —uELme
PEE2NARRMEE. EHEES - FHREXLRE FAHEENTR, RITRRA S
TR KT HER pu. au VR SEFEITREHEN AT,

i

M= Z amoau,,

q]h' = Z Z (aMﬂ N a.ﬂ‘fu )(a.l'lfj.n + GM,J}

i=l j=i+l
s 208 G THTE a; KR, OTLSREER) 2py + qu) + T2, @ = 2, FRABHE pye
BRI pyo B Uix) = ampam,x + 1. REH ][], Uix)-
ERE G ML MmBAAL, W FKT S5 th i B84 %2 X LA, Bak
1 () BIARBN a,ax + 1, FIRTEE mod 22 B9 SUF 3K pf, B BF 7 55 36 UL A o
(') 15, Uix) BORL, 220 p.
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BB RATHI R R pf BT, WERLAREN u, MAB—MTFIAFHAER

y| (p.7f2+ WP = 2pux + 1w (mod x2), BARTANLIEZEE p M u SHEAA, BERATA LA73 50
p _ 2pu
w 2.4t

ﬂuﬁﬂ,ﬁiﬁﬁﬁﬁcy%+q,ﬁ*cmah@%ﬁﬁ%ﬁﬁu

iF B 8 24 O(n®).

7 BE&

SHEEEFAFHEN - EE TR, AXHENETHREFRSE XN, Uk
ot P A1 SR v A A N B

S 7 2 ST B P (S B ] R . A S A Y T PR SEE, 4B) 2 DMP B%E S Tarjan
Bk, PR R A LA E R RS, R T E T LA il B AP i
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ST P G R R A 78 A e — R R DL L H R R BN IR . T
BE I, AT T = A3 B asaRiE. XTI, AL T FKT
Bk,

P P A AT — ] A T 1 R ) B R R E LA BRI L. AL
fh B — Mg 3 B, W5| 2 R AT f B AR R R A S A

B
R E i AL RS R A IR T & .
84t [ SR 4R VI A BRI R 99 5
BT B —rhx [ R O ATE S .
R i 4 (7] 2 MR 55 5] S A S B0 e«
R A [ 2 5 3R 8 .
BRI R AR L 53

S35 ik
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2.1 fER

E—E@IITY, LA EMEEAT, REEE N TEEAGHOREL, &
JEERTEN &G — KRR, BIRSEETUAHANENEEEE,

ERTIEEH, REBFRRR R AN F5, B RIE T LLE AT S T
RINCLEEREEEIICE, KRR MRk Rk, @ TR EGES
BREANFIIE — RIS ER MBI NE, R EHE, KRARY
ERAIER.

XECIBife S —IE R, RE EARRRE — MR ERE, FRATATR SN
PGB, RETENEL Tk, 7R @ TR B R R R RN — A SN S
HTE: BRIOFRREERLEKL, EEEIEES IR, $ELEEHRE, X5t
TRITEFIFARES. T ERE BEBOBH AL & &S 152 .

22 fIRE
R IR JLiE B
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ENREESHEEEE R ibE R

221 IS 1. EEHE

RHER—MEER n FRERNA 4 FFFE S, RTEET A ER G IR I
PR BRTURE—AMKENT 4n OFHB T, 2BERKH v, E8S BOREAY
BIRTER T T H. B3N, S MBI FRES PRHA—K.

MBERNEET § H—AHE S, BAMBRN S,a &R True, A S,a ks BI—A
BRI, TR, TUH S, WARNTIFTUE I E T A .

H5@it 2 YOl R N AL, SRS R NIA AR THS E] S HURTS -

B E 4 R ARE T iR E Tk, ERAEREEAR, MEXRMEE T @l —Kin
S ,aS ybas ,bbS ,bc FEATLAHE S I T —4AL, ZXFERE n+ O(1) KEE T .

222 IR B

S A — NN n RN 2 B R S, A5 R R 1 R A
. FERTUEE AR, ROESERCRERS WTH.

MERNEA EFEARENG I, TMEHRRREBE S H—NER (€S MEREmN
0 BY 1 #3235l False, AJLALUMHIWTRTER § MBS, TRATE LUBIE FE X A 747 & Al ¥
cE, KBS,

=R F R AL 2, (B ) S$°0 iR [A] False, BRIAN S° M F—ALR2 1 935, ATRER
I R R SRR . B Vi REIN— FIE RS 2 HIK BT EUAE] n+ O( Vi)
VORI PKRET

223 2 BRARE?

REEE—ALNE, FRERMIFHEEKE. RERATCUEEBEA S-S RE,
LB BN GEXANAEN S H FRARGLA TR EER,

WAV EAEE — A SUERVITE AR, ABRB—A 54l S RMAER S (R IGEL
A A SRR EIA R EAEE 8, BUHAD, HRBER SEAITEL, #EA
AR,

!International Olympiad in Informatics(IOI) 2018
! Japanese Olympiad in Informatics Spring Camp(JOISC) 2017
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2.2.4 {581 3: So Mean?

ﬁEﬁﬁ—%ﬁﬂ.%ﬁ%“¢ﬁ$$§,ﬁ%%ﬁ&#%&ﬂ—%#ﬂoﬁ&ﬂuﬁ
A FALE, 28X B R0 T E RS Ry,

EE MR, BATAN (L1+1,1+2...,7) - (x) H, XEEBENE x RBERL 13,
M BR BB /IME, BRATHLAT LA IT 938 AR 5047 B b (9 8 K 5 /M .

2.2.5 f5IR% 4: BNEHAER AR

THEA—RE, REEREFHHEEG KL, BRTUAHE xy, TEELSER xy
BR1Z LPERS x BERS A 1 B0

BATFTABRAERE — D s AR, 3 TR T8 — A S8 0T LU o R W A0 0 4% B 02 19
B4R, IXFEREATLLER RIS T .

23 B R

ERZBET, BAMFEOERASLLLEITH, RNEERIRMAG T E.,
REBMMMLTR, RN EMHTEE EROEMR, BT AR Es, ZHHER RIS
FBEER R B HT FHERE:

1. B —REBTE.
2. AR EERESCHMEEPTERMKER.

RN AT RREIGI T, EREIBAMLEHE, RERFCHNCHNESHXE—T
LA BN, EIXZ)E, AAMBARKIEREBREERITEN T, B R E g
PLR R E

REZEHR, EFAE BRI, REABIRSMA, 7T IRFI 5 2B e
M, RIFEXIZ A ER BN log WERSHE: SH. HH0E,

fitn, FMBMETH—H, TOORE A 65 (03T 8, K0S AT
RERED RS T ], RESFLE; MBHHBETE =S, NTNREHCLHER
ARSI RE TS, WRHGRESHEEMANTEGELE, REREELELEN
il

‘codeforces 1299 E
‘Winter Camp{WC) 2018
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EReREr E S #EEr R JEILPE BER

24 fREsEH
THEHER R L MRACH BT

2.4.1 HIFE 2 K1 1

XEFT, E—-FRBRESCHAEMAEH NS, BPRRIXANSOHAEN
. BHEXEES, B PREEEAENET. - PNRABERCPER, X
BRArBE LK.

AR SRR, ETFIRA v HEMESHRA. ZEF—5/H:

SFEGRSES, SHxyz WEXyeS z¢S: HIHES — ) RECEA,
Bt S PR ABEENS y, BENEILS - (x) PRATEE y, W xz HFAEEHE.

ER: # x5 KHEAME, B8 B yNE—Fz-r, BERS - (x) B8, FLL
r O UEAREE x MFN TRy, SRETFE.

FIRX A58, LR ZrRERE K5 o HERG: £ERE MO AE
(b, e B |- o BT, Sfo )y D AT SR e 4L ER, 15 5] BN EORAN
-

242 fiE 3 ik

X —EB AR, IFEEHEERANRR, UURREIAEES PR/ EmDEA
HRRTCE, FFUTLARSE S RE AT, AR, aTRiERE ik

E%—WWWE'ﬂﬂﬁ%ﬁﬁ%ﬁ%%ﬁﬂﬁﬁ(Wﬁlﬂﬂ?ﬁ??ﬂ%ﬁﬁ&
ﬁﬂﬁ@%?%:%M%,ﬁﬁ%mﬁ4ﬁ%ﬂ¢%%»ﬁﬁﬂﬁﬁ§%?z """

RE AT L SR A — ¥, EAEWERIER THh) = 2T(§)+ O(n), MR e
H: T(n) = O0(nlogn).

243 IR 4 ik

SeRl FERMAR: BIERBURZFIRRE T ECmE SRl .
WMEEF| i EIE L A2 S B W e se AR ART, BT LRI BUB I R IRIEENA ©
FfE BALRIH R F . ZREX MBI TR LR AR FER] log 2251 T -

3 B BIME—RYRTIR

ETFRBINBEFE, XM ERH SN RBFTE, LTI
WEE AT A, AR AT LSRR, A£FF AN RT IR LUK B AT
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M= 8, E—RH L, EATARNRE—ERE,

FIRBIR, X 7EENESHRE — %8, M2 BRI E B H— s,

FHZFAEL AT UL RSB ERIXH L BERT &, S0R%2Sm0E
KiEBARGG B RRBERE—KEE, HHLEHETRETMAE,

A HRAEERARE A5 w A0 po), (BRBEIRE] pha), REE L F 44
AT CAFEBE A OB 8 R S -

o WRIFFE p(u), BH—EHEIRE]— pr@w).
s MFERE v=p'u),x#1, —ZRREE pPu),1<y<x.

BUAT ASRENE R u AT A, BERBVERS wv PIEIR S, BMATLUEE RS 483k =
piu), RIEAE kB v Z 8/, RIEME u B k 2 a K%,

3.1 gz

3.1 fER 2 ik 2

MR~ ik B — R B B S E e, RERIKIMAX A C AR,
KE phw), RN 1 =S 8p7T,

3.1.2 f5IER 5. wHS

KHEAHS p:[0.0) = [0,n), FNET —DEH L RACUAE QG), REESE I
Bk 27, FREE T 1 AN, AR TR BAR N 2 H RS

MBI HESEEFLE /N | OEOEE, X—EEE 0T UEMERD —&%.
Eﬁ%ﬁﬁQQOﬂuFﬁfmzmm%é%L5#%%”&%%1.%m#ﬂ¢
WE Q(q)0(q), BFIRFTLALL 3 FIMERE LR A5 HHRAIATIE v, 7F Clogn WRENTAT LU

SN E M 2021, (E#: AELE
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€E¥7

ERI B S YT B8 gl R

i MR IR LN, 2ERE FEEMM— TR, KRR T 2 RN
I8k .

55 ZEH 1 8T n AR 0,40 1 220 Bl WS, 34k 0 AL E wT BLd 0(0), 0(1) ..., Q(n—
1), 0(0), Q(1)..., Q(n — 1) il ZEl.

4 To4bALIRAZ H B F RS

X HPE REFEEE— A S A4S (nflRE 5), BT LAESERT AR R A4 ] T g & th AN
IR, EXHTIERRK IR .

EE—FER, S EESERETRESY, REANT OEFFRNATHEER (IR
XA SRZESHRERN, FAMERL TS TR ZERFE), L

M E AR T AR
SESH
wEE |—xorsmalBYA

13ia) T li@l’ﬂ%‘ﬁ

KN SEFRR

41 RERHZEEZEFHRNEREERRE

—FF 4 TR AR S BAE AT LA RN, LT THRIEN SERA
W4 RIFRMER, TR EE S BIX SRR, B LUVEE B4 R EEE MR

fRE TR
FiE b, YHFEROBSABTRATEREAN, HE—AEATRARREYH
X 4HF TR EERERI .

AfLLE, X — 2 B BB EE AR R R A A AR TR
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4.2 Bl

42.1 {5 6: Indiana Jones and the Uniform Cave®

FREE—MARE. ZMARE n MEE. BRRFTRSH. S40FEREH Hm
THRMIER, Zai LR B O AT ORI S B A, B0 8 ) 38 B A 11450 3 40 A6 76 15 i)
FiizEE b, HEXQMERERFTR M. FEENE HERREEN.

BIBEEA M, XWRERK S EAAEREME T A, —FEEFREXM
X EEGA DR, FERBIERRE. REE—BE, TSRS A TR
RABIER], TEREBBLYRELL (FREFRD, AGBAEMEEEHRZE. R
ATLMEA Farth B al. (R—FFERIER— I, IRES B B RAERIXAN AN RS 4.

RIEBR AR R AL, — TR RREEHORRA MR £7EDE, oLl X
RRUFAPRE, BAMEEREFERERL S HEERA L, KRR iR
NN

B A kR —— R R, TEIE— MM LA RALATERA L, FE
TNAHEN— mEH B LR B~ S E, B R TR RiEBTH S 0003 S Ak
MR DA R — A A AR, 8T LUK Sk 7 8 047 BE #4324

o HE: F-KEid.
« Eil: HERL.
© HIl: FREHERIB L.

HAZHH— %, ForRZLh LR RARMPTE . MbEaR4HLs—
AL R

T, FERLRAT UEC RIS BT, SHE K05, Makek 2 REE R ¢4
FRUATE . A SIRBTATURBE R, KR N, IR A e R it
HIABBEREWNR L. BEEIHBERAY.

THEBR G, MHERSEY S, | RFLED 0 RFAL, -1 FRIXEH R
Bk, NTHEEREEN, BHIBEEE.

#2016-2017 ACM-ICPC Northeastern European Regional Contest (NEERC 16)
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422 {5 7: Rotary Laser Lock”
R — AN AL fi e S O B

« YHBSNOE n—1 8 n MEOCHEAR. BRETFLER 0, RINTKFEH n-1.

o HEPFHART nxm 5. B AHEUET ARG EHES T m DK
(IFIRYE T A AT AR 5 7 — BRI

o REIKTT DAREBh — AR — M KA, N TESREYE L DA EH T
A 2R 7 5

PR Bl & TR s RGBSt &N R LA E.

HETE BB RKATAT: e —A, RENRERBRE, 2R 0k [0 E i KR 5 i
Kk,

XFEEE— A UL A RREA B - ER S eEa. Xk - NMEFFIER.

WERIE EENEFAE -, IERASSBAEBMER 1, EE ERITE, R2R4E
log ZRN{EIE.

5 SEXE

"YPESEE:

https://loj.ac/p/2398
https://ioihw20.duck-ac.cn/problem/271
https://www.luogu.com.cn/problem/CF1428H

codeforces 1428 H
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« U CCF 24t 522 L2

RBEBRIZ IR R 5RS.

R B FEKAA R E A& .
o BRMREFT . RIRIE) SN AR AL 450

KA B 1 A BT BA 53 1D % ) v AR L0 A
BHHE G TR BNIE IR 4.
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ik Ol BATELAE FEARAFMHEPE THEE

ik OI LISk

FEARKZEWRE TS FER

S

e O hfR B H B, T HFEH S BRMNRENED ¢ BEPRANAELT, 3
e 107,107,107 FRME. AXEENH - LEOEE, HAHNER SHFENHE
Xt i AN R E AN L A ROTE R . AR, — 2R (8] SE R SR (2 ) R AT AR
REFHMBE; —F5r NP-hard [, HLAEERARZMERM o IREMRBIZL T, EZHK
HIENGRIREY: S5, - B 2B B R AT ME A VFRMG IR EZ R RAG
/N 22 W A BEE

1 =

i OI h, REFZENLHAREAFBA 107° A SBR RENRH, RER
C++ # double MR . ¥ L, AL@HETLESRERIT. SERFIEL
I, ARSI R R R O HORERE , Rk 3| EL R DA Je BT8Rl
HIGHAGINGE . A SO S P TR,

Foh, JFL8 NP M, ZEK, FARFPBOITIRGHIXER AR TA5IA
A — SEF ] AR S M A R A MR R, HABBEDLAE, AR, RN
(RROfE, (BARAYL SRR AEXT Ui SUREE FTORIE:; AR L, HEh Pt RS e
RT3 BT AT DAMBRIIERT T T SR RE R B BRI B R . A SCRFAES =5
R R

ARTCAY P FERAR T — S E AT RIS X SRR AT R LAY 1) AR B AT DA oM 2
TS SRR LR T AL — iR A, SOKHIRE SRR R .

2 AEBEEU

21 BERT

ERETHY, FORERATAZS LIRS R—TBER . WFEE TR
B f(x) S5IXIHE (A, B], & HFTERT AP B RE:
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ik O PEEEE FEARXFHESSE FEE

B
f flx)dx
A

KEZHEA T f() ALEKEREVERSEE, FARIEXRBIA f() #s5,
ERARMIESMEREN TS, BAE (A Bl RKTFET 0. B f SHRES, BAEE
REHFME, ZAPRFZALORM. A0 AT AT IR LR BRI .

211 REMIEL

R EBUME X, IR—ESH N, FRESHR N 6. WTFEARE, FXKE S
WEXSRIR £ BB MK IB £ 9T, AR MR R A BAME. T
foist, X418l 464 NV Ko

A (B—A
=3 SAr{ar o8 )

i=0

RIBERDE L, £ N BTEHFAN, RKIGHELREETELFME. MV, &
BRI ON) WRER AU XM N XN MIRER B ENEE. TN f &
AETH LR AR -

L —REE: f() =ax+b, WHIRE.
TR f(x) =ax®, FIHREE R

IR el A%) (B AP gt P
la(BB—A%)  4B*+AB+A?) N* T \N?
3. ZfMEE: f(0) = cosx, HIXFEREN
Uy = (sinB—sind)| _ 5*—2sinB (L
sin B —sinA 2sin &2 N*

ZN
BN, AT LT
B 2.1, R f & (A B RESHTS, 8 foit sy a2 £ & RITHLT T4
it BB gk K A |fOW)] & [AB] P F A,
ERATEX BA ST IRTE, BRI [4],
T4 H i 1) B2 8 IS (LR 4 (155

B 1 (EARSBTY). H5E n A~ RTVE LA, WEASKEIFA b SR8
ZH, ARVPERRENR &= 107, {RE n<2x 105, BIRRHEREL 10°.

VR ARER o B B R E
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i Ol R MEARKEHERE TEER

ik BRI L), (32, y0) ZIEIRIBEES [ = v(x2a — x1)* + 02 —0)* B

1 M
—f |l cos x| dx
4 Jo

BT B 8 BEAY R BRI K BE R A . X ] AR kKA, L N NS
Wy @iy ay. BEE—FLE, WA 1 <i< N, BUHHZEERES y =tane,-x XFHEL
LSRR, RN EEIN RS MR, XA, TS 1<i<N,
B S REH EL -, ERRESSHENEABREREZN. X241 n8, fF
JEB T k.

HRAE FSCh94 0T, TTRAREAERTE A A |cos x| FIAT FAMXEMN, REHN O(w';)
AHF cosx = 0 MBEMIALE, T sinx<x, FE 52 KENRETHNN O(%H) BE.
[ B B B P S R AL (0, 2221 Z[H], BT A —ER el e fE N O(N%) mY. AR,
i A %R 25 A O(WIr) B, AT R AR B A o(ﬁl")

BN = O(e7t) BIRERIGI AT H BRI .

FHEE 2 O(netlogn). B
HT A RPOREXT N BAZTABHR, WFEFREE ' HR/DALF R
A LA SEBCE .

212 FEHEM
R 1R K REORE AR ERL (). Y f(0) =ax® +bx+c B},

B
f f(x)dx = %a(i‘? =A% 3 %b(B"' —A) + (B - A)
A

- B;A(Za(A2+AB+BZ)+3b{A+B)+6c)

B-A

2wy (A42) o)

KB, FEHEBUNA A FA)) (42, £ (248)). (B, £(B) =K EM KR BOR Mt
F(x) 7E [A, B] LIOBUME, WF:
8L 2.1, L f(x) FEIX[E] [A, B) HE SRR N

B2 (rar v 4 (557) + 5®)

FUBBE LR b fUESF, RARRS:

PR 2.2. KA [ABIN %4, A¥FEARIEME KRR, R f £ [A B A
MAEEMT S, L beatig £ R M gt Mo |fO0)| £ (A B] Fa9R kL.

UERHAE X BARHEATRRIT, RAkal L (4]
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ik Ol RS % FEARXFHREDS TEE

2.1.3 HENFEEHHS

T f) FES KRB ZE A KE (AR SE) B, LEHM e A A2
MK, ESBRNFERLE—SH/NFHRFIOR KB, BEFA R EXg/
DR EERY AR, XA T DA B 38 B B BB R X — U, 7 B 1 25
T, ANRATAKBOEINTF B RE RN, A EER S AR 0, 25058093
P RIE Rz s. BT iR

Algorithm 1 ADAPTIVESIMPSONINTEGRAL
Require: An interval [A, B], a small number &, a function f which will return f(x) and a
function ¢ which will return the simpson integral from I to r when calling ¢(l, r)
1: Let mid = 442
2 if |¢(A, mid) + ¢(mid, B) — ¢(A, B)| < € then
3  return ¢(A,B)
1. else
5. Let left = AdaptiveSimpsonIntegral(A, mid)
6 Let right = AdaptiveSimpsonIntegral(mid, B)
7. return left + right
8: end if

HI& R SRR L O it EILM MG, A& Rar#EN.

22 FEHRIF
XF— AT RS f, RATWEE f(0) 7 xo BIFHIZERIZEL:

F(x) = f(xo) + f'(xo)(x — x0) + -+~
F™(x)

n!

ok £ % x 5 x 2 ERSEA R

1B 2.1, JoR IM > 0,Yn > 0,| B8 — xoy| < M- 27, ALREH HA BT
O(og &™) 5, BPe{ksetig £ FA2id &,

B BT R, BRI EWEE] f(x). B Ny =loge™ +log M+ 1 Z 51
I, HEEXHEGHM < Mg = . FTCAVHERT No = @(loge™) BRPT], O

HHHBAT HEHL -

SIFE 2.2. 4% 3M > 0,¥n 2 0|58 < M B |x-xl < §, MREHHEBREF 7
O(loge™) s, BPT4Ese3ti% £ Fadit e,

- (x—xg)" + -
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i Ol heiFmIE % FEARKZHESRE TER

BT RESE LR WESEAE R, B BERRMA TR, R THaEH
%G FFREAERITAF AL RIRNTIE— X R MR B T — R 12
i, MEZHANERRREH. LN LERMRRR XA R a5 .

EE2(ﬁmﬁ@ﬁ-%%E%ﬁ$Wammuq%,q&ﬁﬁiﬂl—@,ﬁﬁ%ﬁ&
N £ =107, {R1F n,g <6x10%,a; < x < 10°,

Wik EBREIRAERE L AEED loge™ T a W2 £ 2 3, MAFR—EREL ¢,
S 0 BIEL. FTARI R RERTET 5 X #sr i« %MJ\%H%E@E&%‘ t<3 iy
dio

PR TSN

r a;
exp[; ln(l - ;)]
$F In(1 - x) 7 x =0 ALREIF, 53 EHGEL

%o

lﬂ(l—_t):—,t—?-——?_...

T < L, @5, AFERIFE Ologs™) MEIT. HAMA In(1-2) BT
—AXF & AR Oogs™) KINETIF . FTVABETRIA [ r] 892 T2t 7T A s &
HT. RERB T FABUCEN A L WISH, RIS IRE REMERL x* S
A, BHEE L3 O(nlog®e™! +nlogn).

]

RS > L AT AR, X < L AOERAHE SRR AL ) T BRI
X AR RS 2e e . (BT n QORIES, fHET log>e! MUASMUMT

8 3 (Game of Chance®). #5% EBEUFY) ar,a0,...,a0 b1, by, .. by, FEA 3K
bij:ai 1 fﬁiq:i%%ﬁ% 10_9! &iﬂf n= Ax 105., a,b = 10° (?éﬂ:‘r'ﬂlﬁ%{%)c'

1 El

R

T

Mk BEE f) = oL, EERETA Ef( ) WL FO0 2E X0 = 3 ALRRIF,
& <1, AT T RIF R GilogE"}Iﬁﬂéfﬁﬁ f(5) BofH.

Serl -y

n=(

HEH ©ogs™) 1, x—-) B EIRRTE, MTIABE—RT x, KPR
if Oogs™!) ML TIA. ?k‘fn% WA & <119 o KA. 8 L REHRANTE

3. hitp://zijian-lv.com/problem/34
3R hitps://codeforces.com/problemset /problem/1578/G
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ik O PRyl EE FEARKEMERE FEE

o, RRERGIA @ <b; F aftk < Oogs™)) ZHBITT, Tl O(nloge™) By Zx 1 Tk 3
A af, RERESROGTRBR LA b7, Bk EE.

HNEIMRT o < b; WX¥sr, H—WHEMAMI. £ £ ZAT 1 B, K8
JEFF RTINS, FTLATR (175 2 53 B A

N Ff R b}"’j‘,fa ,,}—i;- ATLAB AL

b

a;

142
HRHEREIA 0< 2 <1, BERRNN & 7 0= L BF. ¥ = 7 x =1 BHF
B3

IR B e o ot M
1+x*§+2}*)'ﬁ) (+-3)

SRIA %M, RITEIA 0doge™) MG —MARFBA— A LTX. BEX a > b,
WA a; 45 2 (UESRA. BULSLBRAR o7, K GTRER LARA o8 B, 1ER:
TGRS a F1 b HFHE Onlogn). HAHEIE 2B O(nlogn + nlog ™),

=

WARIPA a; 7 b; BIK/NERS T RIS, 43 B R R SRR S RIT KA. X BN TR
RISV, AFRAF f() T 0<x<1 5 x> | FHs. HF0<x<
WEAATAEER () £ x = ; ARFNZTARM. XF x> 1 s s (1) &
%o = 3 ARIFZTARM, XML RIIR £O) RAMRMELE, REBHIE
% Ologe™") HOILHT (A A4 hTHRAREM L Ollogn) HIFLMY) .

3 ER4r NP b e e

A% NP MESAEMEE, ramsm, Ricomr&nms, He8 NP [ -t %5
W ATFIER a0 2-SAT 8%, AT FES B35 0] DUE sk @) NP
1A .

PATFH (1 + &) - B RRMAEMES N & A9,

3.1 WHmA
A 01 A

Bl 4. 47 n AR, BAMREER w, BUE . H—AFOERI W, E2RE
BEAAEL W W, KM SAENRKRME. B9E w < W,
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ik Ol AR FEARKEHM BB FERE

BT, X2 NP M8, FTARMABEXT n HZIXERENBIZFE.
EFEATEXER e > 0 BT (1 + &) - EPTFIE.

Wik WEPEYEEBER AN V. BEARBENCH v, = |5 ] TR 8
dp skilf f; B9, Hob f; FoREBR v BALY j N EREMNE/ME. BT HTH YR
{ERF @i nte™!, & dp MFSEKER O(n's™). RATEHIN T3 2

S 3.1, Ak f < W sk K j, ARk iRF RS Rk 4arTiR 2T €

. BER AR AR B SR E N So, dp HEVEROE T REUE P e G HN S1. B
FH Z wy, 3, wy < Wo I ELIR AT BIA~5AF:

Y€Sy VeS|
REIN

VES| XES)

IEIE

Ho— &M d So WRMMMER T, B NKMEh dp B S WERMESH. ATPAH
B ANEMFEL AT AR

MEANEENC AL
X v Zv}<—ZI<EV

xefg ye§, xSy
BT EZS v, 2V, BreAfRHRZER 2
Z Vi Z vy
xeSy YES | -
Yo X
eS8y
B,
o
XEERATA T —1 0(’e™) BHEIE 2R (1 + ) - TR
|

9B b, %F 01 HH (1+0) - EMEE, HATM SRR ENEREEEIRT ome™)
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i Ol IR & FEARAZHMRESTSE TER
3.2 BEPLRAE

E—L8 NP R, RATEH BRSO M B R . TR
HURURR T REDUR AT 0 (R A RLAE

EFR 3.1 A—AMAAERSE, BB TE A Bl 2K, M2H E, 5£% .
MAMALN K, RBBOKGTHE, 5 B A REMEH O(oNY),

E9. RHEHL N WIBEIRSRA anar...ay, PHEEY oo
okt (-2 ) it

a+a+---+ay )1 1
- e
E(( N £o ) N?

(o)

1 N
= [Z E((@-Eo’)+ ) 2E(a;- Eo)E(a; - EDJ]
i=1 1<i<j<N
1 a?
O A

A RREM S O (oN-).

m]

B, EFEEET, FAMUBBRENEAL, FHREILRER/ RN,
FrEAFR A1 /R AN e 2 -

EH 3.2 A —AMABAEMRSE, BEOKTE (A B XM, P A Ey, FEH > R4
HALN K, K B@fagF39Mh, k5 Eo M REH 6, MLNLF—ZH 6< 0N ).

R REIHREN 6 = |mee _ p| | B EIHEE S ¢, kit

Pr(6>c-oN?)
1 Hoeffding's inequality [7],

Pr(oN > c-oN?)

2(c - l)zazN)

<2 exp (—w

- A 1V2. o
_Zexp( 2c-1) {B—A}Z)

B—A5 N TRMHEBEE o MAREARLE/N. e,
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e

i}
&

ik Ol AR FEARKEHRBERE FER

ZEBERRAN, MRIEKE Eo fGLUE, WMELMRESEY ¢, WHFILN =
0(o2e?) BT,
HE—h, RBERE, 4HATEERER:

GIE 3.2, A —AMMEAE MRS, BRGHFE [A Bl XM, MZA E. A AN
K, RHBEEDHAGTHE, RE B R REA S, BLALF—RH 6<O((B-AN1).

O

8 5 (Number of Close Strings*). H k MEEH I n 1y 01 B, M—NIEEEH m. K
BEZDPAMKEN N n 1) 01 82, WEMZED-PHEK 01 BHRE m (AR, PEMMTRE
FE e= 10" WRIA, fRIE 1 <nk<50,1<m<n.

fifik

B S AFE i MEREE m AIRFR 01 S, B S =50 US,, PrREA IS,
S |S1| = 1S2l =--- =184, BH M.

&S :{ﬁ'haz oooo alSl]:biﬁgaJESJ 9999 Sk mﬂqﬂjﬂmﬁoiﬁsr={anaam sssss ar'M}(l <

r<k). ME—PTFH x1,x2,.. ., Xim s, HH Xoiues = ;:7(1 Srkl=ss<M),

K 3 =Sl BB, 11 kM ALK, MR, AT AM B8,
RATABMI i E) BT, i F SRR — x RSN, BEHIUREE N K.
5 EE 3.2, #ERHREAMAMEE AR O(N ). EATRPMETE [11] d, HXHEER
#it o(kN-1), BN = © (K2e2) BT,

fn A S 5 SEEHLARY, EEBARES 0ke?).

4 A TE LSRR
AE(V R RS2, SRR B T S A S AR DA, VR ALV A
SRR, AR A MBAIE . AR i L LAY (D

Bl 6 (H3L°). A—KAMEHE G = (V.E), RKESEEBANT AN, s
RRETE e = 1. L V] < 10°,|E] < 105,
ffik

AT —EH, RITENHMTIIH:

il https://codeforces.com/gym/ 101385/ problem/A
S3filR: https://loj.ac/p/2229
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#ik Ol hOnifsE FEARXFHERS FESR

ﬂﬂ4mk¢d&U¢%%ﬁ$ﬁ%ﬁ§.ﬁﬁ¢ﬁﬁﬂ%ﬁp
A, N

1
|
—_— k o e—
J;(l x)dx F
m]

FrABA VR R R —A (0,1] Z BB BENUIE, SR 1 BT S REE Y A P A (5
/ME. WE | ENERER ansi. REEN RZJE, S SRR/ IMER IE, B
ARMHEER S, BIARAITAR ans; 208 PR EBUE M —H1E. RIS
2 H)RE

S 4.2, fart iR EUF—& Rt o(N-%)a

8. RaR/MARTIIEN M, k=ans;, bt M 5 oy WHRHRE. e (L6 5
3.2 ARG, RAVHEREEH 3.2 FHBIH I 2H(E.

e )

M 1
L £l Bkl =
'E(M k+l+(k+1)2)

1 ¥ 1
=£(1—\/I) dx—m

k 2
T+ 12k +2) =0(k?)
BiA o= © (k™). disEHl 3.2, BANHRE LT —E R O(k'N). #2, B M=
mr+ 0, JLF—5EH 16l < O(k'N7H).
BEFHRK |5 — k- 1| M.

ji_k_ |_U‘+_U2F‘5|
M T l+(k+ 1)
=0 (kN"?)
B DARHRT 1835 LT —sE At 0 (N4).
a
BUN =& BIA]. mHEIEZE O((VI+EDs),
|
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#&i Ol hEgEEls% REARKEHRRE FER

EX 4.1 — P REREERNIEREL x, RIOBPAFERE—MHE x<y<x+18y
B IR A % B BB Y surplus-t 3B

B8 7. HE—kLRTAERE G = (VE), RIEFFLER, LA surplus-2 R E L
/R IR . E V] < 8000,

faik
WIE—8L v, M v IFER bfs, $REISEA QR RMEHEFH KL B R A —, 4
—ANERR 1, ¥IH n.

L RS D] x AR KN, #3398 d, 4« min@.2d + 1),
2. WRFEADRE x RERAME—, REFHRKEN d, 4 1« min(, 2d).
B/ IR q, EATERIT |2

518 4.3, FA& ERS N TR PRNFRKE, Bl RN FET v R v ah40%, N
t<g+2.

R AR NI BB AR, RNIFRHOTRAER, BN IRE IR, B
RIFAE—REN b ERE, Ma—EFRE— M REREL b BRI RAIEHN
AT AT .

1 ME—FER, BAAN ab, W x—a—b—ox J—PKER 2d+1 K. BT
ZIR AR, —EFE— T RBIFKEART 24+ 1,

2. RMEBEMER, WAN a, W x SERE—MEERE o HHS FREREZ x N
—ANKEER 2d B9FF. BT REAIRRIR. e M R K E AR 2d.

EER I TIRUERA TR & + MEAS/NFEPE/NAKE. FHERAGEE- .

WM/ v, RAKEHES v MFRW 15K 2 e, 7 BIRBSE ST R AT SR RS
280 1 FpiESL, XA £ <q.

MFE/NRZE v AR, WL T E u, 5 v 4B, P45 31% BAR KA EE
L. IR AEE, FER/DIFP o MHEAL, BH a. BASKTEF _FEL TN a
WA AE—, AT v 2 x WEEAEL 1+1, Ht<qg+2,

INRHFE AR, BEHENFP v XEAFS, 88 a b, &3 v FIERENHS 518
do M dpo HBv—a—u—viXPH,

1 IS RIREER, Fa—E v | a B— KB AT u, FTDVE d. = &,

2. R NAERNIR, BAMTRFKER x, B d+1+5 >q, B d,> 5.
BEIRY v - u— a % v | a FERR, FOA do < 420,
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ik Ol eyl g% FEARXFHERSE 1FER

FIbA G <d, < 4, @8 S <dy < B HHAWMERINE d. 5 dy HEE.
L 4R do =dy, 4 a,b ZAEF—FFRPBEERT, bk r<d,+dy+1<g+2.
2. HIR d, # dy, REGR do = G.dy = G5, 5 b 2SN PREIED, FiLL

I£2d53q+]°

XFERATERTE M T3 1 < g+ 2 AYIERA.
o

IFFUINR BN v AR, Wil ¢ DT 75T AT AT AKX A 5 R LS5
%, B v, RS bfs, META bfs BERY  REUME, WEEE. BASS B
AARS/NTHEER, I IERITHSMELRT, —2H KR v 7E8/NF E5;
e/ NEREI . BATHIE 40 R 51 aL.

SIE 4.4, S RER v ALAMBBRRAGE, wtHLEEAH O(VP).

B BHR bfs IFEIRZREDN OVI+|ED), B v HEREANA, v ESCRET 22, pr
BRI REA DT . RE— KB ERAES 51 mima, .. omg, BT REME V] 4
O]

e AR ] 52 2% BE AR i aef

o[WF + Zm,-] = oqvP)

i=1

XAERAHLA O(VP) Bymfa) B 2 R T B o surplus-2 B9/ NFK R,

B 8. © %5E — KT AL A G = (V,E), {RIETETEFF, LA surplus-1 JEflskE |
I/ DRV . RIIF V] < 8000,

ik

WE_E—MEH ML, EERMERNFER v, MAKLHE RGN, 5
A9, AR surplus-1 3TfRl, FATHFRDI TG 4, WEFIER SRR M L
. XHEER—EN2d K 2d+1.

EIn—iKk bfs /E Om) Ry, A2, FEH B, RINLHWTEE:

SRR ERITaHeELEH
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ki Ol hEnEEEE % HEARKFHERS TER

Algorithm 2 ALMOSTMINIMUMCIRCUIT

Require: A graph G = (V. E) and a given vertex v,
1 lg+—vit=n
2: vis[v] « true

3 foru#v.ueVdo

4 vis[u] < false

5. end for

6 fori>0do

i Ly <0

8. foruel; do

9: for (u,x) e E do

10: E e« E\ {(u,x))

11: if vis[x] = false then
12: vis[x] « true

13: Ly < Ly U {x}
14: else

15: return dis(v, u) + dis(v, x) + 1
16: end if

17: end for

18:  end for

19: end for
SIER 4.5, S HETRAEH O(V)).
. HTEREIEENSSREWHET K, BREIER O(V). o

g|Hp 4.6, ko B IRZiE v, ZHERA L RDIFRKRAEY surplus-1 FEPA, #H—FhG,
do BRI E AR, AR A GRS AR S

BB, @I Yvg € L dis(v,vo) = i. BAEFF] (u, x) XFRAFHRFE] . FHFFHFOLTIE.

1. Wik xe L, P4 dis(v,x) = dis(v,u), FrPASCAE AT AR5 —Fp oL, [HA]
PAYE RS B3R BN 0 — 7 22 16 2 X g 1 i Fe /N

2. MR xe L, MAFRE x € Ly, FTAZHE RN FIBELEEE] x, SN LS PHE—
P . XREE—E R EX MR B/ d, (BESIRRINE d=i+ 1.

Fit, MERNRKE ¢ X8, 7 L., Ly @RS IR RIS Tt
i=3-108, S®LIXNF, REFHER.

MR g HAH, 76 = G HARBXANI, (HEERERIE WA EIS A
B FIABEIMER—EHN g8 2 (T +1)=q+1 22—, NEEM surplus-1 . O
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Qﬁlﬂ?}\

AN

&k Ol hauiRE % FEARKEMBRE FEE

BAERATHA OV WEZE R T &5t — S MR R, SHE ET—
BTSRRI O(VE). HEXBERFXE THEAE TR, HH E /AR 0(VP) &

%
L]

Bl 9 (BMEMABATT). SHE—RILEIAFE K G = (V, E). g WEMF &2 8] surplus-
2 FEBHCHEE. RIE V] < 8000,g < 10° ,

Mk EIREIE T pABARTS, HHE—A v, bis Bl v BHASER. A e
SFRAE xy, BAREET v v 09455, IBARATOAR d. +d, FFLIZRER K,
Hr dod, 55k v 8] x,y BIEE. 55 %Hx2 surplus-2 .

SAU, BRI RERERA N AR v, FERR v RLARi., —ELIREEL S A
B, SRR mind, +d,) BIAT, SXEEREAE T—4 00V +alV) [fiE.

BT g ik, FABEAELEAMBRRE, SEG/IMIBKE. RE%E B4 v Bk,
RFHRHIE R G = (V. E). BERFLNM 0gB) MR G PRMEY surplus-2 f5
BHPA

HED, BFERMRE v OBEERTRNY, BRSSO Y, Xk
% IE'| < O(UF). MBAMBMBA KIFL bes BRAEHE) 0 (L) womdii s 2 .

BRI AES (Y +qB) . Wk B = 0(Viigt) EIRIMKE] OGVIigh) HymIaISL 2L
TR HEE R/, AT A n

Bl 10. &2 — KA EEMFRE G = (V,E), RILPIFIZIE surplus-2 HETHKEE.

Wik

Bn=Vlm=|El. WRRAE—BHE, g S A®, KA AREME) 0(nf) 9%
HE. BAFRRREFAMES O(nf), W (1], RAVEXE LRI A polylog BT, 4
tH—4 0(!1%) HYfiCiE

(FAHENR - — %, RIS =% RVPREM IR EWAT . RINRRE—
SKAECR n, SOECH m EEMT n % bfs, BT OCum) 06 [A] 5 4% BE SR o T T 2 [ 4 BE
Bl XA O (nim?) MBGEAK I PIFIZE surplus-2 9B, SXHHINRE B = n},
FATHEAELA O (nB +niB %) = O(n?) HymIEI B ZL BE PR I

BAIL I TR

Algorithm 3 ALLPAIRSALMOSTSHORTESTPATH
Require: A graph G = (V,E)

1: Let s = E,ffv [f]

2. Let S =(u|deg(u)>s}.T=0,E' =0

THE: 4 M@ fl. https://ucj.ac/problem/695
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i Ol REIEISE % REALRXFEH RAE TER

3 fori=1...tdo

4. Call a vertex v cover a vertex u iff u=vor (u,v) e E

5  Find a vertex v which covers the maximum number of vertices in §

6: Let Sog={u|ueS Avcovers u}

. T—TUuvS «S\Sy

g forue§ydo

9; E «— E" U {(u,v))

i0: end for

11: end for

122 for (u,v) € E,ue S or ve S or deg(u) < s or deg(v) < s do

13 E — E'U{(u,v))

14: end for

15: for ve T do

16:  Run bfs from vertex v on G to find the distance between v and other vertices
17: end for

18 for veV do

19:  Run bfs from vertex v, using edge set E’ and weighted edges Yu € T, (v, u, dis(v, u))
20.  The results are the surplus-2 distances between v and other vertices

21: end for

TEUFZ AR L TIERAY surplus-2 JE{El, I B 2B & O(H’j‘m%)u
I 4.7, ZHEA R T EHY surplus-2 L PARAEIE .

GEY. S, W (uldeg() = sh\ S, ENPE cover BFREERATHT s S E. HHRE
o ow, v P A E] O SR

AR I S, PEOA, FRAKARERR R ETA IERTE E b, bfs B BESK iR
sz, HEMEEuwE v BEPRE—ABT S A, M x. BT x€8,, —EF AT
i cover T x, Ry, FrbA (0, x) € E'. T RAPERETE S\ HAAARE E B, P
PA u & v jg5ed x 2] v s —E BT £ .

Wit (u,y, dis(u, ), (v, x) 5 x B v (9BERR, u GEER] v, TR dise, y) +1 < dis(u, x)+2,
I H. bfs HIIEEH —EARSTE, X —ZiBRE—A AN surplus-2 FE{HEEE. O

F1PR 4.8. |[E’| = O(ns)
B, HE SREEARE, BB EL—mER < s i, B AR —IRTES
I, A R PR RS 9 AT AN . S B E|, Ey E}, f E' = EjUE,UE],

B |E'| < |Ej|+ |E5| + |E3|. B4R |Ej < n. SYHFIEM E)E| = O (ns).
A E| PREDZEL—mBEENT s, BT
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i O PEERIEE TEARKFHESY FER

Ej| < Z deg(u) < ns

deglu)<s
T Ey, EEFGEE. MR E) > ns, B2 FEE &KL E, $H00 o, v), TR
weS, =F v BB cover . FHEIXEGHEAKMA, FFASTEZEA B s
cover BIGRt. BRI, —EfFE— AR cover B s 4~ 5 RS, HIL, EHR
WhaRAY £ b, hBBAHE, BRI SRS cover () S HAKEDS K 5, B r=[2], B
E cover T n A1, THIH S| B K n. FTUARIG S —Eh%HE, AT E)|=0, FE!
FITEA |E'| < |E}| + |ES| + |E| < ns +ns +n = O(ns)., m}

S 4.9, ZHrHEREH O(H’}m%)o

. XFKR T A9Es, B4 OnT)) = O () = on?s). WTFM T HH A ST
7 bfs W5, HAEN OmIT) = O(2). RTM V FEA LS bs BIS, BT
E' = O(ns) HAHULY Sl i AliE, BIK bfs ATLAKE] O(ns) BORTRIZ45E . FRLAZIB A
WEEH O(n*s),

SRS O(rrzs + %) = O(nimi)n

o

XEE, GREFTR, BATE T4 O(nim?) BfIAS 7B MY surplus-2 ST . 7
SSGHIE , A T4 0(n?) & surplus-2 JEMARGRT BT B
|

HERIZMGE R A ST, HAEEREOHEERN, TABRME Ol 4,

-

9 qu;j" %

IS EAE O PAH MMM AR, KiCRCEH  Z M HE N EZ sy,
R ATGEN L Sty NP M LTS, #EPTUALE O Hogerh SR —Mr #e. [Waf, X
MR, ESHEHR]. ROFERELM, AR —NEAR T, BREE%T
HIH GRIIMBHERE ), X SH LRV EMRSE.

[BR, EMFEREHE B RBER AR A S, BTk T A Ed
HEm BH R E RO, MATREREMEAKEA. A, WAEEEEERRE, 7
ARFEERIBIREM K THUE IREM B RHIE N ERIENAN, GRS asasE .
AR R ZR B A H bR — AT B R«

EHEACPRAMEMEER RZIISA KL —fH. WLk, SHEESHAME, &
FUVFIRZEEIG , BB 45 R0 AR R 69 5 UL B0 A SR Bl . T 33X 26 ) B 0 A o R SR [ 2 1T
—HHIPIR. REEEAR, EURERR T WA R TS0 8% g, s
AEXEAIR, FORUATLAN A CHE TR L —Fh ST .
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&igt Ol el BE REARKFEHERE FER

it
R VRN SR AL ST RIS
JR AR A @ B T KO HE =
RBREN, PRSI 5500 .
BRI TEK . AMBAY. ZAXREE. BILFRESRITEUARGETRINEE.
BRI R BT RREZE. BPRAZE. RMFEZEAARSCHER.

e 2B U N
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B AR IFMKFHESE 2

Bl [a] )R

PR R 2

=

BRERAETENHFFRE-ANEETEAFHBGEE, LXBRBLP, AEEAH
BEFATFIGEERE, PABRFMALEEERE, H4AH MY — bk £y
fiEikE,

1 35

RMRENBR DKL NP B2EAE, HE=REHENP 28, Fit, £ELH
TAERRTER M AR, it RTE 2 R 18] Py i/ b Je 5 i B 6 5

EIXRRICP, (EEBNHE LR EE Rk B MBI R, HAS BRI
BREL MK, MRBHR—FHETLREERNFEER, WAERU N ft—kikE—
PEIEE, HUFGUrzaH . BT ESE S DEBIIRR.

2 IBSMEX

SFEISTR (AR TR E (A SFAREAIRD FRREEE, HYE
et o] . R BT RS SR, BAMIE — AR, fEX— Y, {14 i
BRI SR E L

Definition 2.1. H CEFIRIERH, RINMHAANEREFMALEE G = (V.E), FHBIAn=|V
» BFTAAER 1,2, n i ITHS.

Definition 2.2.
N() = {u| (4,v) € E}),d(v) = [N(v)|

Definition 2.3.
D(S) = ) d),NS) = |_Nw)
ves

vel§

ERIFA—ZH D) =INS)| -

0225 FEFRAMERFEEREIALT 99



R 5 F AR [TINKFMERF 2

Definition 2.4 (BB € (ARE) ). SE—IMRBELANE G = (VE) , WE—/E
f:V=oZ,, EBYuv)eE, fu)+ f(v), Fm/ L max,ey f(v) -

Definition 2.5 (fELE AL (Riffetd) ). dir MR EHMBE G=(VE), ¥liiV=E=02.
RE#Tn e, BRI RP2ABRTMARS R i B8, UKL ARSI F i B9 SEH
. BENHME—TEE V> 2Z,, BIAGRSHI A FH LIS f0) FEZE
AREEH. TR Yu,v) € E, fu) £ f(v) » FFi/DE max,ey f(v) -

ERASR G, BOARTEE T LB 2 ATA M R AR AN, BB E B

BE

3 BEZREEE
R ARG FRAE | CHnaz ), 197 2 T B AR BN, X B RRETF.

3.1 e
Definition 3.1 (B0 CARE) ). A I FHEEHE G = (VE) . WiE—/ s
fiE—>Z,, E3Yuv),@w) e EAvEw f(uv)# f((u,w), FHFEIME maxg e f(1,v)

AT ER— A v H2 S8 dv) FAMEERAEAGEHER, Bl s — B8R0
T F & max,ey d(v) i€,

Theorem 3.1 (Vizing’s Theorem). 14 % (0 () i /L 0 HUL IR & max d(v) BE maxd(v) + 1 .

UEBH. XABURARUER . WEEDTS, SR ARG FRE A, BIEEEMANILE
(v.wy) »

HAE duax + 1 FERE, A SHEELD —FEEEAHSMARATNER. #v i
FEEER a, w ULEETHRAGEHIN w, MENZERBEL b, .

R a= b WEZERERA. TN, M w FUEATLUE HME——% a/b) HIZHEEE.

MRIX% a/by BREHABAR v, BaRTRELXXEE LN a, b BEE, BA[{E
Bw WERFO N, REBHARE N a. BN, BXEZBEHERE-NEAw,, N
(v, wn) MIERERA b «

T (v, wy) T E, REIE (v, w) Ba R by o MAEBEMARLER v,w) T

X wa, wa, - - BT IXAERE, EREPREAN SRR EASER v N2 AT L
Ry, FN, BARERAREG, FUl—eEaER I ez, H3 w, ek b, €200
HIME T, #bj=b; .

FA (v,w)) BB b, Eibj#by, Filli<j-1.

2022F ERFAMCRAEEREIIBAR 100



IINKERESRSE 26

B 1: S5 RBENTE, 55 N_ERNEE

B v THEN bifa RABEE, £%IEw, ER we, RER. BT w, RERE
by BRI, BT R AR A R 23t w, «
M w, 8 09 a/b, B RS v X F B BT 2 B (v,w) REH a BT, O

32 FHERSE

Definition 3.2 CFHEIE). —MRE LA E G = (V,E) &FIE, 4 HY %0 LUEEEE Fi
F, EBLEARAEZE.

VO e B VR IRAT, AER — T &R AT LA PO G, (BRI R 4 i
X BEHRIHER N e — SR A— A e .

Theorem 3.2, (AfaEH) — A RHLTHE G LRTFE—FZE T H A MEIGE N RE L,
L MEEZAT, Kb — AR R5 .,
Lemma 3.1. £8P EFRBFEE G VRTEE— SEHAITS .

iEH. & V.E,C, F 5 REM a . A%, i@k, m% Aggvs3.
BRI ERE, E=V+F-C-1<V+F-2, MESH - HEEORLELH=%
W, —RURLEZLZHNMEMARLE, B F<2E, FTLLE<3V-6.
PTUARER(Z I 2E <6V — 12 < 6V, FiLl—EfFE— MR S A, o

SR J5 AT LAGIE B 165 5 B

UEH. X B ) A B AT A 40

M Lemma3.1 , EHUWARTFE—MERAEIL S B4 x. 2 x MESRHZE, haNE
BAl AR TR AT LR E AN R A S B a R e TR, IEEE x nkEk.

MR dx) <5, BRYS x HEMWHRPFERGS, MARSHEN x 0. BN, #5
x AHEBE SRR 7 M B’ @), a0, a3, a4,a5 « FHRGBR o, BRI .
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B S (6] R AR IINKEH PR Big

el Theorem 3.1 FIIERH, HRM a; FFoG, EIT 1/3 ZZEERBEIR EER N 2| M BT R4 EREY
BS . WRayes, WAWLS WA AREE 1,3 B, RETExREH1. &1,
BAVHEAFAE —2% 13 TEEBBREMN o EF a; .
B AT ay, aq BEATRUUET S . ERWR o BBEL 5% 2/4 THBEEKRE a, A4
XA SETHEE 1/3 BELMRME, BAREAAS, 5STFHEBMERTE. FHiEA
a, FFEER) 2/4 MR OZ FRATLEE x N2 . o

33 =oE®Re

=4 EERS - AaERM, BROMNEEHDRER, ZRES=0ERERN—
MEEEABRE. EX—/NTR, RIOMEHE 2] RAKFE.

Definition 3.3 (=%E). —NMABAERE G = (VE) B AN=2E, JHEHHTLEE V 214
WMENEE VL, W, Vs, HERENE G S H FEBEM L E.

33.1 #hEEE (7]

ERE, RN Ay, No) RRHFELRE =S E, SUS5=2E0ERFE.
A ERFT LA O(n) B — D R R .

ik, RER dov) BRE A, AR ARRSREE No) MBS E. T/ aE
AATLAT L

XHRENERRS G WERE B, SRBH v E#dy) > B, BRFEHTLL
Fl 2 PR iR %/ BN E . UPTH RRESER AN T B B AT AE R A SO0 HE.
AR B . BEEAEN 25+ B=0(Vn) .

332 [ERESH

FEA FE A A A D B AR R, FRAR B AT CAHE M 7. IR B IREE B T
S 1R PO 98 A BRAL IS B — AN E NS =2 B, I BALYA 00 T8 B RS 6 B A T 9 4
HEURD .

EX R f() =n"logfn (0 < a < 1) nBREEE, BRMOELERH o) Mt
HE Qn/ f(n)) N2, AR AARYE I & B AT ML KA N O(f(n) -

FZENEHEENEB R, WOTTLEE=FidtkE.

« R WE-AREV, ERVNSHTEREZSE, H V= Qn/f0) -
« R RE-AEEV,, FRV,HNFHTEREZTE, HINW)I=0(fmIV2) -
« HR=: KB A ey, EEER-MH=EREHTRED u,v HLAEE,
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B E E EAR INKEHETS 2

R —EERA T 00) MERIEE Q@/f(n) K7E: BT LAERITEEH A A
BHMATIELERBEFE: B B XNETRIITLIE V, U N(V,) — &M, X
HFHETEN A v, SHERREE 7T P itE—.

X=FhEE RS — MR BT AR B — o(f(n)) MR TR, TELE, SNAE
CAMEMIIR S HER, #HFETELF R — O(f(n)) BB 4 R.

Lemma 3.2. REFE-NLHMAERENEZA, WEA—N=4E 6 BT LU H—
Fithe, MLRFE—ITSMRERENEIE B REHEN—4 =48 G 82— 0(f(n)
PR EH R.
IEMH. B8, AZEGHEEFELERELGEE=FATLIHEY uvE GG =REFEEF
th, Wit B RBFEGHANSREEH M. RETLINA A E G HFE ERiRE#E—
ISR — .

HREALHE —SHRERE—. BIRIREEE B V, UNVL) MV S, B4

Z=HEEMER:

L 12V BRADEAEZ ARG T — AR —. i R EIX A — BT,

2. FE VIR Z BT RIRE TR . IAEFTA R 0 Vv, JFE R iR — 4
B

AT LLE 2 AT ARG g —. o
B, #TFRRMABERCENIRGUER, AT 08 R0 XA,

333 MEEZHE
AT R M — e R Y, SRS BRI n— L .
B, MR dv) = 0(f(n) MAKB—MHE=, FIUERNTLHAAEN SHEEEE

LR Qf(n)) -
BTR WMFESFuv, S =NwNNW) , BLeHFAHER.

& 2:uv NEE E 3. uv AR

R IS| = Qn/f(n)) » X N(S) 532Kitie
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r ELE g
% e“é"_’é,/l

s

& R [FHIXFRERE Bl

1. RNS)R—N_E, MAEEREHKAD. WRINGS)| = f)IS| = Qn/ f(n)) W3k
BT —NEER—, BN ING)| < fIS| MR ER .

2. BN, B EERH v EEM =G RP LR G ERRE T —
’=.

H i, ERFHEAALRSENER O/ f(n)?) -

334 MEH=9E

= ERBE=BRASLE, ERET AR — MRS L 5 ?

WAV HREN =50 ERER, SN SKBERHN, 48FESEMIMN. R=MHE
1) 554243 I & red, blue, green .

P REINANE, MN—I v EESE N T REH
AR NINGD)) « ARGty ered , HBA N(v) Bi438%5) 4 4
£ blue + green £, T8 N(N(v)) 8L %A KL — 0 8 f 2
afally, BIBCRIMSIEERA S TR RE .

ER FRATRT AR — AN B/ B SR AL VR, Ene
R A ARERNEE N 2 - FE AR AR AR R
PRIXANEIE N BE/MS 3%

HF NNO) BRI EED &G 7 —%, Bai/haE
RSB NN - BTLL BEMS BLER M B
JRPASHET - M"N{N(V})! » AR A BT EEK H KD B 4: - ‘Eﬁﬂ:ﬂﬁ‘?ﬂ%

4logn

ZE by LB N(N(vy)| IRMSIEE T

dlogn

33.5 EAER
AT B A5 L.

Definition 3.4.
dr(v) = INO) N T1, Dy(S) = ), dr(v)
ves
ORTIT, AESRIAS I FIXRER) v R REAFEEDR?
s B8 Dired) 2 =Mt RBAL, BT

VR [1] A0 [5] AR
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B e 2 (E) B DR AR ERE #i

Dyq(V —red) > %D{V —red)

EATERE Dea(NW) = $DINW)) FEHEM, AR %
Ao AR AR E— v il BiX— 5.

RIEETEEIEELIBEREN B, IR D(N(y))
LA IN(N(W) N red]

WA Dog(N(v)) > LDWN() BIELE R AFE v e red
K

Bl s: Lt R BERUR K

DL LHS = 3 dew?

vered ueV—red

> RHS = % D dra()d(u)

vered ueV-red

RIEREN u BERT deaw) » M Dog(V - red) > 3D(V — red) I~ HE B4 #E
LLHS > Y RHS , TH5%E LAE S0 2 R AN 55556 7T s L.
B FRAIEERE red . BTURMNBZZ RS dw) . RERL du) EEESE, 3t
CUARSE “ P77 AR T35 F WY 5 ik Bl Y LHS > 3 RHS .
FIh BMETETE Dea(N(v) > IDIN(v)) » ARHEMBESE 5 — St S 85—, B bR
YO R E e R 3 S 8.
ATLLREL, FREERERAMGRY . RERGIEAEEIE, oy L3850 160
R PTUARITESA H LA E X
Definition 3.5.
6 =d(n)=1/(5logn)
I;={veV]dw) e[(l+6),(1+ 6y
Ni(§) = {v e N(S) | ds(v) € [(1 +6), (1 +8)*"))

336 BWIEE

Theorem 3.3. LE—MA G, BRAEH NI, BA—-IMHMIERMEN0< A< | /8
Dy(V=R) 2 AD(V = R) . MATLHREIRA v e R HIEA 1, {573

INWYNI| > 8%d[log,,sn (1)
Dr(N(V)N 1)) 2 A(1 = 36)D(N(v) N 1)) (2)

BB=Ln(V-R). MHEH, MEMBEHV-R, No) (TRE K, 3 Bk N(v)
MEEE —LHL%ERR .

B S = N(v)nI; 4 Theorem 3.3 RFIFIES, HAIFEKEE S HALE, SR EE—
N(S) -
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EREEENR [TINKFMEPE S

Theorem 3.4. BE—1 B G, —1EER, A e(0,1]. M TFEEFHRE DrS)=DS) I
#£ES, HFE—Ni<log,sn, H18

Dyysynr(S) = 6Dg(S)/ (log,,sn) (3
IN(S)NR|/IN(S) = (1 =28)A )

WT=N(S). thatRd, WmEAT &RV, D) Pl kK%, FHNS)BHLE
L rHISHEHBTR.
WRBATE R A A A SR EFA, st LlRE — M EE KR HER.

Corollary 3.1. 52—/ n M AM=EEG, 1"
I EEFANRASIEREE s MEE.
2. G WIE/NEE dpin = 10(log,.,1)/0 -

HAFELE ve Vi, j € [0,5log’ n] HIBE T = N(N() N 1) BIKNA Q2 /(slog’ n))
HED 41 - ok W A#E G RN ZRATRPRAE.

EB). BLR=red, A =1/2, M Theorem 3.3 AJHIFFE v, L iRE ()M Q). ®S =Nw)N;
. B4 X =1(1-36), WH Theorem 3.4 AT FAFE I HRE Q)M (@) . BT =N(S), W

D7ar(S) = 6Dg(8)/ (log,,sn) (Theorem 3.4, equation (3))
> 6[A(1 = 38)D(85)]/ (log,,5n) (Theorem 3.3, equation (2))
> 6A(1 = 36) [dminlS 11 / (logy.s 1) (D(S) 2 dminlS ) %
> 6°A(1 = 36)d>,,/ (log, .5 n)* (Theorem 3.3, equation (1))
l
= Q(8°d2;,/ (log*n)) (logy 57 = O(5 logm))
4 1
= Q(dl?ninl/ (logT "]) s 5 logn}

BT EERDSPLERSEAREL s S cNv), BB T REIEEET v LISNME S
BEALEAEL s FTULITI 2 ITNRl = (Ds(T NR) —ds(v))/s > (Drag(S) = ISD/s o
55t B %)y H dyin 2 10(log,,5n)/6 , FIR S| < $Drp(S) o FTEL

7| > %DTHR(S) =Q (dfni“f (.lrl(:ig“r n))

FHTHE
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L)

E s R IMAEHMRPE 2
IT N R|/|IT| = (1 = 28)1 (Theorem 3.4, equation (4))
|
>—(1-56
2( )
1 1
= —=(] = ——
2( log n}
o

=T KRB B AFATIES Theorem 3.3 #1 Theorem 3.4 .

3.3.7 EIBHERR

EWEM, [N, BAEHE SR T Slog?n 4, A e fE7E R — 4} B 1Y S 30R 0 %
RY%, ERENTIREX—5 ARS8 (il kS uEEm R ), HEEREINE
7 B2 6] ) P15 .

Lemma 3.3. 77 b R, b r MRAG, EENBELNETE, BLAER— T ec[0,1),
HIFERNET, BBRDPEED e/ MR, BRXNETHARRE LSBT (1-er/b .

UERA. BT er/k MR BT LM EE, XHELEH o MR, BTl sk E)
EDLR (r—en/b—er)> (1 —er/b, FFCl—ELE F—EEMETF. o

WEEA (Theorem 3.3). iEB4TR=3.

BABERB -1, #B=Ln(V-R), 8 BHS5 V- REUMHHER.

Ria, BARMEE NN RBKR, FIUFRERRSEN v MR hifEs, &iFik
ZIERTE R, WEUEW] R AT 5 R RO,

e, FAEHCEBAEREHIREIET, TLUEE BRI KIEMFE— N veR &
@ NWNBiRFM. EENWCV-R, FILLNO)NB=Nw)NI; .

FEREAKIGEN 1 . BB LBEHADET, HAXNTE P veL,n(V-R,
ER jIETHBA0) DR, K dy(v) PRAGBK. BarEsBhde=6, B—EHE
KN jo» MRS B=L,n(V-R, M

Dg(B) > 6Dg(V = R)/ (log,,, n) (5)
Dx(B) > A(1 - 8)D(B) (6)
HERB, TRRMKNTEEAR S E, Dr(l) &5 D(V - R) IEEHAL,
%F%,ﬁﬁ%w:h@RHMwnmzﬁwm&wﬂ,m%%m@mgmmﬁﬁgm
EMET (FETFHAEERE ) MR, ATHRENEHARLE, FE35
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B E EHE R Ik ERE B

Dy(B) = Dg(B) — |R|6°d/ log,,; n

> Dg(B) — Dg(V — R)6°/ log, s n (Dr(V = R) = |RIld)
> Dy(B) — (Dr(B) (log, s n) /6) (6*/ log, s n) (equation (5))
> Dx(B)(1 - §)

= A(1 - 286)D(B) (equation (6))

B, RNMAFBEMR FRE v, #18 Dp(NW)NB) = A1 -3)DINv)NB) . K

LHS = ) Dg(N()N B) = z dr (w)?
veR’

wel

RHS = Z A(1 =36)D(N(v) N B) = A(1 —34) Z dp(W)d(w)
=

wel

KA dw) € [(1 +6), (1 + 6)0*1) , FrLd

RHS < A(1 = 36)(1 + 8)"*! Z dp (W)

weR

< A(1 = 26)(1 + 8)" Dy (B)

_ ek 2
LHS = |B| (iﬂlédﬁcwn

FHH A1 = 26)(1 +6)*|B| < A(1 — 28)D(B) < Dg/(B) » FTLL LHS > RHS .
Tl —SEffE—veR , §18 Dp(W()NB) 2 A(1 -35)DIN(v)NB) ((2)BiF). O

UEBH (Theorem 3.4). R THEBEMHERN A5 #EIAT,
TN NGS) B —ET, HTE v e N(S) 1E NS) MR R T BB ds(v) 1R,
HHERK ds() PEREABMLHEN Y veR . BAETHEDL e =6, AT LHREI—A i [£H

Dy, s)r(S) = 6Dg(S)/ (log,.sn) ((4) 194IE)
Dy, (s1nr(S)/ Dy, (5)(S) = (1 = 6)A’ ()

XEA N, (S) Bixiial s ERLEARZE AR 1 +0 5, BTEA
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e
]
4,

a
v
s

EEGERE Tt AW BRE Bl

INiy(S) N RI/IN;y(S)| = Dy, (s3nx(S /D, (5)(S)/(1 + 6)
(1= +6) (equation (7))
2 (1 =25

3.3.8 EEER
Algorithm 3.1. IN—P =7 G = (VE), RE—iE.

L WARAAE v e VAER d(v) < f(n) s BREAFAE w,v € Vou # v 58 IN) 0 NW)| > n/ f(n)?
» ABAIRYE 3.3.3 O LLE EEIR [6] — Nt RR .

2. B, MFE—4veViel05log’n),je[0,5log’n], F T = N(N(w)n I) iEAT
BE/MS Hik.

3 IR BE/MS FIEEREAN T LB T —4 Q(f(n)*/(nlog®n)) [0 <7 4 8 4 18 [F 33 J&

AR T EZEREIENE =5 AR AR E — MR —.

iEH. RI\EEERE 5, BHRNERELR f), BEEHEADN SRS ER BT
n/fn)* Ao RAF] LR B, B8 — @ HER ) — N ES T8 1T) = Q(F(n)*/(nlog” n))
HEERDZROTRER T HED 10 - L) BSRL M,

AL T B T B Wb G B KD ATREE L+ meIT ALl BE/MS SR E)
B & KR & #gid
3 loglog|T| 1

1 1
2log|T| ): 51+ l___og|T|)|T| =(1- Q(_log |T]))|T|

MTTHRE] T —ARAA Qi) = QU ()*/(nlog® my) fIsSL 4. =

2

2 f(n)*/(nlog*n) =n/f(n)» BIFF f(n) = n*51og*n .
4k, BAVFEZ HAN 8] P9 AT AR B —AMEF 0(nS) Fhgita iR 7 B
4 EZLEZEEE

4.1 Pie
FATE AT A A R R FE A B L B K E R
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GESFETS
CCE

HREE MR ITINKSHERE Bl

Theorem 4.1. {RiF B FI R A TE AR — R, (AL IR RIIE R FHBHEEED lognl+
1 fhEia.

. AER —MNMELFEIE A .

FYNES, THHECLHENBRER, BRMLLAMEIE A A%08 28 190,
BAEREERTED k+ | FEHR.

k=0 HIIE IR B ARNT.

BRBRINTF k=0, k=i HELWET —BN, H55R T, -, T MAFRNTATLL
MR —A A, AR RN SAFERMAR. A RFERE A
SR X L, BATLAEE A GRS K+ 2 FERE T . XHRISAIEESL T

T.k+1 ° O

b, BERE HERAAREY logn)+ 1 MEEMEEMAFER . BEEHZO.

42 HRERE
ZEIX —ANTR, TRATANE LR B TR I O I B R

42.1 XEHE

Definition 4.1. — M HEELEME G = (VE) #F XA E, X EET A —HEKE,
AN E v AR B — AKX (1, n), B SZEE DS B S eI A XE
B

Theorem 4.2 ([4]). X FAEE—AXEE G . £ MELFEEAT U A#ET 3u(G) -2 7
gita, K4 (G & G PR KAKAD.

BAVRLHEANEE, REUERERE.
Algorithm 4.1 (solve(k)). HiIA— AN RABIR/ANREE k KX [F ., fELRiR Al — MBI R,
I Fk=1BoBEELEEGBE. BUHE— solve(k-1) .

2. BYPEHAE GG, AHFTIEN solve(k-1) BIE, F7EX BELAEKE, VIIEEHA
Z. Bl =FMBas G, EH.

3. BEMA—ANR v, BEREFNS. #ITOTER:

(@) (G +v)<k—1NFEv A G, ik solve(k-1) ¥ . (XA ERIZE, B
L A E] LAZE £ TR (8] SR R
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2

]

rH
&7

EREE R FHAFEMERE 2iE

() EN, v A G, HE=FEahHE T HEGERE.

FATVHZE =R B 2% G, it TR OReE,

UER. XA BB MR, FER—Fh &M MBI AR, 8 i W BRI X (] (L, 7] -
AT XETH SN LS H L2, 0k RETBDHAS, By RZnk
A
HH R, — AR EEKEAKNDA

max Z[a‘,- <x<r
* i=1

PUZA REESRE, 717 G, BAYK AR MR .

BA G, R R EERMA G, 1, L TFE—4ieG,, BEE N xel,r, #5
xTEG PH k-1 MXAEE. EEDXEMARR Y, .

HRIMRIFE i, jeCGri# jHBL<l<ri<sn, Bax, RElEG WES k-1 K
E G WRBERK, MTMER G +G) >k, FE. BHAGAEMEEZENX.

HIBINR Gy FE =703, BB AT s MR, LRI L < <L <r<r <n,
- (BRF 5 RIMCH x; BIRFE (1, ] B[, i) T i, NTERSER (G +G) >k, FJE.
FE U ATFLE = TE3E

HUEE 5 R Gy MG — A SREEEA L@ 2, FTUEG, PR0REEMHAR
i =i, o

AR, 3w(G) -2 FAFBR—ITFR.

Theorem 4.3 ([4]). X TAEE —MNMERFE A, CEX (6] B B 150 20 5 E 4 H 3u(G)-2
fhFifE .

UEM. FRATIERHIX A BE R G 30(G) - 3 B, FHF MR 2 HB—A S
R,

AT, E5eE G iRl AR [x,y], EEEAHKEEARS [xy]
v BAG [y AR BAIE [x,y] 48— 505 B R0R 58 H 8 T Rn A 1) 24509 X 6] th 2=
28E [xy], BASHESRRE, BRI (xy] LAPRAGER 84, BogarEs
BB s 00 PT AR MO (RIS 0 DX 1) o R BT AT 86, 3 FL A — AN/ 5 (X 17 P9 J A BT AR
FH .

AVAMER, NFEB -1 2i<w(G), HAUMENEESH A, FEE S
MK KNEZ R, BFEE—IDRKIR3NI-2HH6EESC, $8 CHEETE 44D,

MTi=1, RIOTULSHE N AERHELHEE, BaLREE—FFIOQHESD
N/GBw(G) - 3) MXAER . B4, i =1 BIEREIE.

BIEM i HEF i+ .
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i
3

/i
=
N

v/}

/

H R [E AR IIiKERERE B

BMNBEB AR S N E, BRTFRHN ab,c.de . FHANXE L L 29 GTFES
a,€ o

mE L, LR, BadLBELBSLERL BAYLBSE4Jd S L,LAR &
A CARI I, I, I S T =M AR NE6E, BHEAE C +.

&SN, AL BEJIBESLAT. MR LYAAES L AE, BLACERET =MIrEC
B, AT LA E R

®6: 1, I, Bia MR B 7: 1, I Bita MR

WEH ISR (nLy, 2) « SEELS 5 A HEIXEERE, BABT &,y 2) TEEMBUE
REMM, —EFEH (xo,00,20) BT BB, 45148 A BAT

RPN iR T i+ 1. SRHER i = o(G) B EIEFR LA A ED 3u(G) - 2 fFif
T o

422 AEEC,CsHE

Theorem 4.4 ([3]). & RIERAS HMEPAGFEEKE N 3 808 5 MR 25, BAFE—D
BEAE P AR 2| Vi) FhEIA.

IEA. AR EE, RFERLIERN.
Algorithm 4.2. MIA—DNAFEEKERN 3 808 5 MERAME, FLRRE RO R,
I WR{E B=|vn], #"%EE W,B<i<2B, ¥IHEEHBAT.
2. BUPIMA—AE v, HEBRAEFKA. S0 M EE.
(@) EWRFOMA 1, B PHFEERE,
(h) MPERMT, EHRFEENW, EBRBveNW), MAMIT v Rl
) G0, REFE— I Wi=0, BvERi, LW ={u|uecNy),col(u) <B).

BARIWI> n, FHVj<i,W,nW,=2.
FAVRIEAE SRR I AEFERAORETE.
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B EER I"MXFHETSE 24

UEW. BRRRELEPHI TR x <y WEREHLE e, #H xy HOHE. B2y BR
RERES - Sia,

MR x RE=DRE, BLFELE ue W, 8 x,yeNw , BRTFEC, FE.

B x FEBRERE B RE. ATARHIC, x,y THEE W, hEILENL S, B4
BIFE u,v € We,u € N(x),ve NO),u#v, BuvERRGIE W, BS0855, BTUEE Cs
, TG o

SREER R R OB BB 2B . &R W2 B, HEVi+,W,nW =0, FiLh
BRARZHREE (n/B) = B W, % . FSEOEAET 2B .

43 kSERE

43.1 ZHEHReA

X RE —REZAT, RAO1%E RS EEOWHR.
gt & =2y, FiTEA Theorem 4.1 ¥ VR B AR 60 F {11 o(log n) RS0 (K 57k
WA, KRG H—MEARBIL 2logn PG L

Algorithm 4.3. fIA "7, fELRE— P REHE.

I ST/ MEEREES — Nk, EEEBERRER L -1, A8AREHTL, B
—IHHT 1,k iX i,

2. BRIMA—N Ay, HIREHHA. #TOFHE.
(@) ZE v EHNETERSE, BHPBKMKKE kN Lk .
(b) FHEBHER & = max(k;, kr +2) -
(c) FimMEELELEREDRE L Bk -1,

BER) IEBRYEARMAER, oL A AR 6 BOaT LU REAMT: iR £ BRI EikiE b
ke FIE /NI H W fi = min(ficy + fia, 2fi0) + 12 262, B HAE I BOBTE SRS 2logn -

432 knERE

AZADTE, AMNAASB LRk HRALI6, LRELZRITHLLY,
fEIX R, AN A [6] RIAME.
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E R E 6 AR [Nk ERE B

HR—RN kS ERERE —FERE, ER-NMvEA N NFRHTEZ -1
B, WRAER AR I AR k A EREETA k- 1 PER G TR, BRaT RS
SEMmESE, Mm-S - MRROREs=E.

WATRBIXBE—A 3 8)? BRITATLAEA “HaOBE”, WaIL— HWEs, BERH s
MG TRORE, RPEEERRAAOSER, MEETH HBCHNAELC, &
24 RPHEE AN HERBSEL A C PRAMES. FHHAER A C #FTLHE R IR
I A~ k=1 4rH.

EBLNBRT, WLUERE N IC|, BARE [Cl <n/s, BEABAEL /s k-1
3 PG o] L.

it MG s = S k), BRI ATLUERATEE (1 + 0(Ent-2/E-D R, A
REXSHCHMBRRIMEA BRKEE (E=4E L)L BRI EN O(vVn) HE S
8, BTUARREITHT.

ERITIXARIERE NEL. ERANERES, SBRDTHANTE:

1. fEEHZIN AR R R RATREFEEA € &b, HALFTIERIE ICl < n/s -
2. RIS FHEARE TREME, 1 HELERRa RE D, BREEHE St L) .

MFHE—AEE, RITTCABNER A €, ZFEREGHEIANE n/s . T TE
AR, FTUABRATIRIE s R A, XPEHEA T RN M /s 4, HRIER
AF R RANMERIE s AN . FHE A EFERRIE.

Theorem 4.5. 17/ — NN ELRIIE A EH N SRR 81 A 2 1 1 O(k2*n (log n)77)
Fhgite, Heb A MEtc AREERAS L.

AR n k BRI, BEEAE 0,k RAEITE D
B X A AFER AL 2 R E0h n M0 k B EE. HHRI T

Algorithm 4.4 (solve(n.k)). MA—AEE n 4 A0 kB, HELRE-DRETE.
1 # k<2 WEEMH Algorithm 4.3 «

2. WEBIME s=Smk), HP Snk BENSRE. Bl s i AKALHEE, Bk
1,2,-+- ,50 T£1,2,--- , s BEISIFEHUER—4 r .

3. #E G, VIHERNE.
4. BERIMA—N R v, BEBRAEHR L. #TOTER

(@) WP v TE G PRI s BEEBET 0S4 REAT H R/ NG
Y, FiEv ARG B F v REH r MFHB— solve(sk-1)
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B & EENE [THAEMERSE il

() B, v BREE—ANEERN r 1755 u 48 48 viIEN u AT solve(s k-1) B
. MEBEEEEE s a7 HAFE— solve(s k-1) .

4 S(n, k) = [2n*=2/*-D(log n)1/*-D7 , ¥ A(n, k) #< Algorithm 4.4 £EFT4 n AN A k 4
SRS {E F Y B B B K (A .

Theorem 4.6. k > 2 B, A(n, k) < k2*nEi (logn)® .

UERR. XF k #EATIAGN. 25 k=2 A EEE{EFRA Algorithm 4.3 BI7], B TFHkKiRAk>2.

& G /& Algorithm 4.4 B HBEHREANE. & C BRERLEEN AR, RE
TiEH AL REKSE, s=S0nk) .

MFR—AIBEI, RCGIERFRT G-~ .G, , BABTFHBRBE s >S4 Ak HY
—AFRRE, Bbhn <|Cil+n/s.

B EG) FoR% i MEGHFENE j NFE, SENREAKBEH N4 EG) <
A(s,k—1) . HBEATLAEE]

A(n,k}£s+ %Z(E(G1)++E(G:|,))

A(S, Z "

‘“s’ =D S e n/s)

i=]

2n
£s+?A(s,k— 1)

Be=2"=s/c. MAH—F s BIF, FRABNERIE A, k- 1) BFF, 75

A k) < 5+ 2—:A(s,k -1
<5+ zTn{k - I}Z*"sﬁ(log .s’)r_ff
s %(k — 1)sB (log 5)™

<s+ %(k — D)eE s (log n) ==

<5+clk- l}ns’k__'lz{log n)=
< 5+ c(k — 1)n'" ™ (log n) ==~ TnT
=s5+clk— I)J'a:%(lc-gn)fjfl

=k2'n H(log )T

0NRFERRRAFCRFERAFEVBILT 115



a2
N4

B 5 AR [FiNKFRERE i

WG, R nk KMPZEALRE. RATTAES o, & FR0 SER b, i
R B S B2 n k-

AR EGE N o NIE 2 BE R, R HEF NS — 1 solve(n’ k')
. BTH S X TR, GRS 5 4 s R

—H Algorithm 4.4 #4172l solve(n,2) R MIX B EIFARZ 2B, BERE & DA
TUHATHY k. FIRER FEIE & n—, REHAGHTBEFH K solve(n’ k') BIRT. HFH 28 ix
—IRAFE, XA R R,

XFFEBRSERL T Theorem 4.5 iER] .

s R

P = |

Rl ) A 2 MAR I, X TR AR i #R o LIk BB 2 Am H KA HEMEE. K
XA T BRE, HPRGEIGEIIENOER, BRREFHTH ST, BRFES

A A
R

TR T B SR AE IR .

MR A ERISER . BTREMMRO5IES.
TR AR VI A SR B R A998 5.

T2 BB Rl e A SRR -

TRRIGHAQ BE T 300 2% O FOHE L
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EHERFEEPN= B IS REHHIERY MR

ERERFEEFPHNZEILERE
B A I BT

W=

AXAETIUAE LASIRLIZRT, DR A 3 S A 4G — R AL 27 M 94855, o
W T eMe LR R AAE REE, H# B T/LEFERT T AR,

1 318

EfEB%¥READ, BHEFN FHRAEREEFERHER, G EESRIUEL TN
I B SE AR A . TUZE SRS RE B rh, AR A 3 () AL B EOR RI R B R F W BE
BE 1. ACCERRT TURE WAV SR C BRI R T LM R I A M B R E R BB, IF
BXF LA s b i Rt T BRI T .

2 1ER 1 DAG ERIBSHEIEAIE

EFLHES, FELEOERET LA AE TR, BERZAFEEEBRR, K
AMBERNERE—MYHTERA R, KRBT LERAR.
1. & n MRS, 5§ i DEARBICHE data; » HHUER L
2. BETHRIKBR R, AERZ (i) R data T data;, IZEEH 8 K
—/~ DAG. ¥, f—EEHE AT REHH T 5\ K20
3. NBUR I REERERT LA RE, HE RS data, HXK.
TR, HE a0 a7 TSR AE n AMKBER max(L;) B3R, SEX T
BRI B IE N
FERE YA AR BRI BT A KO A 3R 58 5, BT LUK R T UME IR — MR
7 (1,2, n) RRGEBF-NMEER, ELENIERIFEAT, EREIIHEX
ERBAGE. X TF—RIEN, KRR ZEELE TR ER R, BAOR T I R T .
LA, A EE AR A 17 I8 2 H R BUR Y B FE.
TR TSR RR A O, 775 3 AELE D0 M 2 18] (19 [ et ORF R 180 3 B fa SR 5275
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ERERF R PRSI MLTEFRENHIERE AT

2.1 $5RIER 1 REh

REMBFIEH TR U T & MREMR:

L B HHEOHIE L AR, B L.

2. X FH—A i, HKBH R i-m<j<i, HH mim <n) R—PEH.
BERT, 8L AT LA 2518 5 44 24 O(mL).

22 BRI BRRE

22,1 BmiER

n NEREER—H, IR aE, EE I MRAHRNA e . RE/IIRERNHES
{ERARSE m ABRep 2 A4 AR et

222 HENES54E

n<10°,m<10%,¢ < 10°.

223 oh
@ [ FARBBE—APREWERA i, E—MEREHBRN i - j BB, U £, =

min{fi_x | j+k <m+1)s

FA BT B T SRR AL BESX /S dp, B Ia) B 24 FERNZE (R B2 EE M O(nm) o

8 —A f, BB n AR, A5 RIELE £ 5, Ry fivJ 2 i—mBE 15
EFA ) dp ¥, BT MERRS T AR, ERELIN, TLLE [ GRES |
mod m PE S,

FAEAA T A RIEIRBA B, AT LR 1k SPFA 2835,

23 HHER2 WES

RTS8 H 18 2 LA & R

L A EA AR — R AR B IR A SR .

2. M TR MR data; , WML L AITE T AN L 2 0.
AT B HF R 8 E AT LML E OFL,).
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ERERF R PRI IMTERETHIRDE BN

24 PlIEE2 WEES

24,1 BEiER

B E—RTRR, M1 ~nkS, B 1TA8 AR a, X —MEBRBUARS
B A A RS, T —A4 i, RIFEBREES i NMEAAE 1 5 ENESERNTZH
mod 10° + 7.

242 HEIRSHE

n<8000,1 <a <10’ +7.

243 R

& f FOoREBRPREF ML RN L HEE j A RBGEBERIBUEZ . TR
T‘“?ﬁ'l‘él (u,v) :‘[ﬁjﬁ‘ﬁ'ﬂ:r f;:: = zﬂl,jfl',!-j"
FhE B SCELE , I E A2 ) AR O(n?).

24.4 ik

TEE BB £, BIPREA u A TR RS, RIBIRRTE & R,

W £ NEREHE .25 fNERELABEY WRE [, HURENRS
HERMT AN EEMRAE- NN ARE S5 —MERE X, NER—NZREH 0
ANE 20 dp fE.-

T RS FIENE, T £ EFEE £ HIEEWBHMNFH SR dfs
FRE. &F fi. £ ERE, WBEFXELdfs FFEAHAMSHFR.

BeSh, BIEEF R — AN RBIH BT, (R YD I BOE IS I AT LA AR AR R HE
Xd@ F, RTEHER MR AT R R BT RIS, KEIE
ETEE A IR 2R (WA OL))-

3 BB HEIGFHFSHIENLE

—ANEEA SR O I B, R T CARR IR g BL A,
1. FEAFE MR EOCRB W A 1, WRIRE 1 oy T I a RIm T
&) 5 7% FE A process(L;) «
2.8 mANEE, Wi Z BE AW, 8 ERE LA ONE T O M F i
B, ) FRBREEE—BBEROER.
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oy

HRERFREPN=ER LR LS RETRIARY B

BT 7 B AL B ], AR AR 1 — R S AR B 1], IS BB AR O(process(Ly))
ZfE] . DRI A R S MY I L7 4 125 B A 340 6 7 7 0 25 TRV L2 E 2 O(5. L)

EREBXHBEOMWRT, 53 n,Lom c RE, LURMIENEASIT SR
XA TRBRMRBRIRIRR), T AR F 07 T = ik, T
MV AT ER BR R HEAR (B RARISI 05 R EAE) (MR T, iz e
R RETS.

3.1 HI51 S BAE
Ecﬁﬂﬁd‘,ﬁ.‘?l‘ﬂ&ﬂzm*ﬁﬁ@ﬁﬁ,ﬂﬁﬁiBl—Fﬁ?f%?Erﬁlﬁ%Eﬁﬂ.%O(process(L,-)+

n+m-c+k.

I BEFHRRE TR, HHH 00nc) A>T i B4 2 E) 55T 6 508 (3 R 1066
2k,

2. 1R RE 1 PRT N EG - NURIR, BEIS NI EN MR TN
By, AT EE .

32 fIEE3 ST

32,1 BmiEik
%E n /I\ﬁ A, Q3,7 ,l, *ﬂ m jl\'ﬁtﬂ ),‘, Fi» ﬁlﬁ’*ﬁrﬂ U.-?'i] ﬁjﬁﬂ{]ﬁo

322 HEMBES5YE

n<10°m<5-10°.

323 #EEX.

FH#2 8LHY Sparse Table 4E3" RMQ [0 . B8] & 2 FF A O(nlogn +m), TEEZE N
O(nlogn).

324

BEEEAN L = logn BEREIES, S E0MEESAN om). 8§/ ay L4 8
Ao AT, ExH.
L%ﬁﬂﬂ%%r%ﬁ%ﬁﬂ%%Frﬁ%ﬁkﬂﬁﬁmﬁﬂﬁﬂﬂu%ﬂmmmmg=
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ERRE R P EHLAERR ¥ HIEREHHIGRS MR

2. ) By 18 R 5 4 M
BT LR A U Rt 5 2, R E R E O + m).
RMQ jd] 8 i [a] 5025 (o) L AR M BIE, (BRSACMENITMER, B ERE.

33 FI52 H{TAEE

S JRAETR AL T 1 AR AR ST, T 249 1 ) T IR R IRV R A TR TR RS R B
A LCRAD TR TR KRERAR N F o EEEEL. 8- TRENSEET
F BT B L R AT RREBE.

SRR A AR ANE T AR HTRE BRI AU E SR E—
BTy, HEEE RS REEE TR ACERIE.

3.4 g4 XEE kK

3.4.1 REEHEA
?%% n /l\ﬁ a; an m jl\'ﬁlﬁ l'f,l";',k,'v XTJ‘;I‘% T’?‘ﬁ‘lﬂ@%[&ﬁ [t';,f'j] "1"% k.‘ kmﬁa

342 HIEMBRSYE

nms< 106,1 Eﬂjﬂn,kjﬁr;-“-!,'"*l , i;k?ﬂn,m Iﬂﬂﬂa

343 B

X E 4 k KR—/ e B, B0 B RAE R r, FOAIZRE [ — | XL AR 2 B bk
T4, B ANEUB IR TR 1 ~ | MBI, MR Om), TERIFHE. TE
&%) data; 5 data,., R %% LR Ologn) MEARR, EIEF hUELIEHE BT
MRS E O(nlogn), ADOT#F 2ALER B

344 HEK2
RE TR ER, ZEELCEFA NN, BIEHE S EITREA=AS
E0f'd i1 @

FAAME (9 USR8, RERBERART RN _0BH, TElogn’
S AT ELTE BT 1] o
AR 24N O(nlog’ n), ZEHE AN On)-
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R ESFRRE P AU A IMIEREDAIGPY FRAT

345 E%k3

ERE BE 2 BB TR T TEE B, (0T R E R, A
BB — K0 R: TRREAR, REFENMEAE.

HRE)S BR 1 RO B TERTSE r, FORUSR [ — | X R O(E BRER B 1 EAT — 4, 4R
BT RAMBRERE T —RMERY A, LEHTLEFTE RN, TURHEBRHY SME
pi WA LA E T REMRS, §—RNFEEERE L -1, BASESR E—A T
Fo BT AREEATTREAMERIE, S0 B R 4957 18] 8 42 4 process(L) = n, B[]
HARER O(nlogn), TR RIYT & HAUE H 05 ik EHRHE1 A 0(1) -

UL EREM BE 1 AR R, B0 Er TS T M E 4R,
I8 PR ER AT, BABRK LS i BRHAEH N EER, WERRHSEiR, R
B R ETRNE  NMROEIR. O R EE - TR SRR, SRATERR
FrER —AMLE, R EEREN Om).

TESKPrsEERT, oTDATRALIEAT S SRS, @I AE AR B i B0 E, thETLL
HEMFRBEWEANRSEN, HEEaN Lz riuEs.

dEAh, KRB b BT LA SRR S A5, R, BT LUK SR SRR lowbit 43
B HTZHME MRS R MR,

3.5 153 E4EFio)ER
M e MEBREKR, RHS RO H RERS T EURFENEMNEN, St

B4 40 15 10 AR A0 23 (S BE ST . Bt AT AR 2240 38 T M B 7, IRIR AR &, M T
F 5] R (I 770k AT TR 46
3.6 f8E s XiEde

3.6.1 EmiEA
B nDE (6y). B mADER, FE i ME EZ maxk - x4yl <j<r)

3.62 BUBMESAE
n,m < 108, x;, v, ki < 10° , N nym FHT.

3.63 FhEEZE
IR EEEM A LR Om) TR, HihF R EEAERSE, KB EER.
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ERERF RIS AR B RETGHIEDSE RN

FIR B 44 Y40, 0 3 FUALEE 28 B X R % 2B . 48— AN AT LA R
O(log n) NMEB 4 A FROO AW, WRAZAARGENNEEAERN Onlogin). H
A LABS £ 40 I 8 & HE e, ZE7E e i BRI, BB R Ologn) (52
B S B b BRAE 5 (A ).

3.6.4 R

S RTANE B
1. B EMER T ARER 2n - 1 DEERS:, BHEA X ESEE LR S b
T RIE, 25 573 2] process(Ly) = n.
2. ) A ¥ ) B 2 (BN, {ERE BB N4 B AL B i B Ul ) ) e @R
R K.

TG G — N 8] 8 R T el BRI i FR R R — IR B X () ) A, TRERW I
BHEREERANT - IR Z R FER o) NS ER. EknT L2 E RIS HEER
SERANE TR BRI EREME, MWL ESEZR. Bam, bl

1 RKBFHLBEM G-, FENEFEEE LTI A RES.

2. FEHEY A, SFAREahRE— N RETRE, HAWEARETHENESLILT
A REELHYARTER.

3. MERTHADAFHAMLERE, BHFFEARLE, BREZINTREHR.

4. BERGENZST SRR A REL.

iX BL A4 R 4 R DR R R R P A B i FE R S B, RO R EERAR, A
BB IEH Onlogn), ZEEIBIEH OW).

pegt, FHER VRSP X B0 (ZKW 2REXR) JERETE 2 3 Jy i) SR A s ail:

1. TS FTA )i e R E HE T, A H X Ja) 46 () FR a6 B BT 7E A 28 B 4T e
2. MR TLBR o, BT LR,
3.6 FR—E, REMAERNNTY AR LB —E, REELTEIFRIFRE S
BT
4. FFHE BN, B3 B,
SERR b, X IEILA] DLCEHES (AR,

4 SEXPFERR AR Sl B SR 5 %

T RS K E eI, A A 4 Bl A AT LU b A AR ASRT A
TS, HT AR I BEEEERKREREE .
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ARERFREPE e HiTERETAEDSE AR

4.1 TESR

TR I RIEMN— AR 7P R B, e RER AT 4 B/ s, ey 9 Fia, (B R7EM AL
WAFRT AR AR SR B b . HERBAT AR Ay b T,

I BFIKE R, B m AKX EERE.

2. MFREA n BIFFI B4 RARAERIRT 6] 228 BN T(n), M(n).

3. XM TREA n PSR X AR (8] 2B BN T (n), M'(n).

HELEMN T EHEE T (1), M'(n).

FRIBFEIAS A S B, WERE B EA S A4 RIRIER 001) X [MiRfE, &
BIRARERNS -T(§)+T'(4).

ﬁ—+ﬂ¢%mim%mﬂ,%ﬁﬁ&ﬁ%ﬁ—%ﬁﬁﬂﬂ&bﬁmﬁ%gﬁMgw-
M'(£).

42 HIfE s XiEoa

42.1 ME*2

#%ﬁ%ﬂuﬁﬂﬁﬂm=muMw=W%TQFOMW&MM:QM%M-
S =logn, MFEIEEIEABENS -T(2)+T'(2) = logn, SBEEEME: THEHmz
BB LA M(2) + M'(2) = O(n).

43 RESHR

&SR SR IBH UL PR
L RBRFIIKER n . BHEFFIDRKER S gk,
2. LeBHR-MRAGEEIFEHER, HEFFIHLAKER & OBFH.
3. TERT A LB R S i BUE 24 .
EHFF L EABIRAIEE SRR L SRR SR XA RE, B
N O) AN XTa A, BRRERERR R E AR Olog 2 + £(S)), B f(S) HRA
AEERIR AR IRTE

44 P e zHE dp

44.1 BREHEE

EREKEN n FF] ar,az,- o ay RERTEEEFY, EEMSEABIEFD
BFRREDEIT k. B—NF ROBUERFTE BUEFREMIR, RAFA &7 2O
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ENERFREPAZRILRE IR SERAIEDS A

mod 10° + 7.
Uelpr m MEH, BN o, Ny, BRBUERHIFTNESR.

442 HBEIBREHE

n<10.m<10t.k<81<a,y<10®+17.

443 FIEFE

R A M EN A dp B 3R f, FR B — MEBRRECN W f = Bigeje firtie
BB FAE— AN A (U, r) 4B —ANERE mat; RoR B fi B3 fra MRE 4EPHS
Rk it AN OGm - &3 log n), TRALERR[E) Ay Onk?); ZEIEEIKER On - ).

444 ik

5 B S BT B k RN dp, BRI OGS k) . BLS = K logn ATIK/R
srd, MR REN O(n(1+5)) = O(n(1 + =) = O(n), BHEBARPER OF S k+ 3k +
m(k* log n+S - k)) = O(nk + mk> log n). TECE AP R J2 23 BLT LA > 25 [ i #E LA B FAL 2 (Y
], RS0 B AR R R, AESERRM A P S BUNT K logn ATREEE AR

Beah, bitset PRAk BORERE FEAT S 77 i3 AT LU R IRV R 735k

5 &3t trie KEEIHLIL

5.1 #MERY trie FHREY

UK trie B b on N s, 8,0 L5 R, WERFEANZ, HEKAm.
HETIRE e ASG m NS, BE-NEEAFEEY DRSS A TRERE
HO0(m - |Z)-

5.2 $%3% trie

Y REAREORRT, R AN AR B N EREEFEERKITR, WML
FE T AR B A7 AR YT A

T BT ) trie 47 21, BT IXRE I IR 4k A m A, BRI AR R SER (122 (B &R A O(m).
T T4 T R, F R trie SRR (A A EE AR O(m - 2)), Fh7 EH
HAEH .
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FRERFREEPIS AL LR Al REDAIEPS BRI

RIS THA trie AT FRFHFE, BB trie MR R BB B S E AT B4 S
RABILRC, XFHEARIR A E AR Omlogn +m) (RIFHISEIIAT LA O(m) HEFE). 4
HILECH ATUUREMB AR, M F&— W — MR R RS A ITE .

TER TR B EER T LU A WA R EREE Olog [Z)), {HABRIHI S S 8 K1 A 77
SRR ERmE AR, HEW LER (T <26) BB RERI%NE.

5.3 [E4E trie

548 trie SEH B rie W EOOKBEESFN L A, SHEANELLR, Mg
{73 trie B4 S HEBIEE 0(n).
THEEXT 4 45 abcd,adec,abeed,be 237 (338 trie FESF trie .

{
2 b a,/"\be
S b /
7 4
- e i )
—~ 3 e b/\"d.‘ de N
. e . C. T
K - » A
“d }- I.t | / \
Gt Lie c A d "/
‘:,. £ d/ \'\
K » .
'.\_ ) I.. . )

FEIE trie —F, W T8 —NELE trie B9 5, BEEHG — N FR Y S 4Lt 5,
SRS — NG5 S AP LSO X I R 45 R

EREAT trie BIRARIVT I, SRt T Sk = RF AR BIRE R 0 5 4K 45 5, R U5 0t 4T
AJE 4R 45 £ B b SR IR IL R BT B — NGt AR, R B S R M AT I 48 S (e A
TG R B—KIEAN N BRBREBPIN=E— N, RS A8 <2n-1. FEHERE
44 trie MBI EHN O(m + n - ).

F T A0 3 7 4 19 BB B9 5 A K R — S RO R 48 trie , U R BER MG &R T
H9 trie e B FRRESR rie LHF - BREFEEEESOTE, BHAEEHHEHA
O(m) (m = n*) M= A FEfk .

53.1 NMA mHEFEZ%EN

T, IR ARSI AL RN AR R —BFEENRN (0,1) 1 trie B, T
KI5 B SLPR LR X BL F AR iR, 3T n KBS, FENEF S
HBEWMTRREE RN Omlogy), Hd v FfE k.

TERUE ALl Q1) FEMIEIR T, 103 trie MAIE N5 S A RIR0 S B o) 9551,
P4 trie AT IERIZ BB E R On). FREHI B EA R BN S Bt G, EE

R2FFEEFRAHCRPEEREYIBAILT 127



RIKERFREE =S EIERE HIARBTHIEDS MR

FESEHN FHETREERAFEMR.

6 R

AT 5 TSSO R X R trie #5E TLK 1 AR A6 2518
SREER B, BN E RE R T BRI R

218 e Se PR AL B BN R AR SR AR E R AL, TAERIZEERHEAR
YERHEE R A EACT AR E X T HIE Z AR %8R, Bt EL MR NEE,
EEEBEREMNEEP AT RN .

7 Hg
R o T L T SR A ST T A
IR B SR 1| A A B B 36 5
A BT R L 518 5
TR SN B TR IR RS . 7 2RO A B B R AR SO A
RS Tt BB Y Z T 5 F 24T,

S & CHK
[1] X%, (FERBANIEM) | FERKFEE MG,

[2] Kurt Maly, Compressed Tries, 1976.
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R —KREEE IERAFHRPY BT

XIR—RE BB

ek R KRAT

i =
ATHA 1 — RO R B AN £ 6 U R EF TP 005 .

1 31§

K HHPE (Monge Matrix 5 Monge Array), B H o o2 R ILARA LR ke, &
TR F TR T W — MR, TEZh MRS EIE B SN . T i e s s fr
KOHMREL MM, TR0 nxn 88, K min+ TEHOHH HITRH 0029 0
Bk, (ORXSTRAMEME, ARFR RS AR, LA RTEE 0(n?) UL O(nlogn) t5k

ASSORE B A 48 1] S 07 5% FI AE PR RIE ST, AR AT Ot Ak — 1642 i o) R 1) 50 2 B
(1, BARAr A HAE (G B sm s v .

fE# /2 M Library Checker ) (i B8 TR %) T RS A GZEIEME 0, A0 %
{i7.2¢ H 5 P B 800250 0k B %8 3.

WAEER T, (A SURE 2R, Sfr s FAEMAES R SR IRE ZNA. &
Sl AR, T R ] SR AL SR B AR PRI — ISR IR K A 45 BTEE M, A
BAlLRREENHCHRREEL RS, LR RIELE GHRR %80 siEH .

2 BEAHA
SRS AT R B 7S5 X, FERE 2 LU, A3 A SCRFSE Bl
% 11— BERE A B IR

2.1 BAEAENX
1 X HHE
EX 2.1 (LhHEES). &4 [X)] = )mn
0 X HE
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EN 22 BAIH it RRi+1)2, i Trmi-1/2.
EN 2.3 WA (i ) BFREE i+, ) () RBBEEFE T+ L0 )
EN 24 EM). F—ADHERE AR FRR A, i, ISR AE X, Y, JWIERINRAZXY

ER. AScH, AVEE FAREE B G IR G ). SHRE—B i SNEMNERITFR
1T, RN AEBA RIS AP, HEAMBEH, BRSNS

ENX 2.5 GAR). #AF e REXY L, i vi=1, RIOFah HFnE,
%}% da; ;{%i'éa Qjjr ﬁrb J )% Y LTI“§_‘_./!\}|:|%O

22 ZFHEK
EM 2.6. Ty 1 ial, Uy Jo] LRIFERE A, 2 CHEERERE AM A (1, i), (i
joy ERIFERE, H AY = Ar o + A — A — Ai oo

EMX 2.7, WF—A Gy 2 i), Gy jo) EMAERE A, & X AHERE AP A—A (i, i), L
2l LRVERE, HP AR = Trcinyregin A e

AHEE b A T e 0 R R4 A1 R B (T3 23 ] D o6 el A — o 22 3 RO 3%
T i BEMNKREIN, 3T jBRMEIR, FHEMES R, "TUEMANET HA2IG LA
BRAES .

EN 2.8 (ZEHHR). AR AR A BFEHHERE, HENS AY E M cERRIE
ﬁE{]U

2 A] Bt sh AR B IO e AT BT T8, %2 RERE A S s S R A2 DY
AR

S1F8 2.1 (WIUBAER). —MEM A RFEBLER, SERYXTHA L < i, h S j2,
Ail-fl +A!'3J: = Af'zuh +AI"|,J2°
ER. HARXBARE-ADERSEME Blia=ib=10ji=j,j=j" BEHEBEEFENE L.

E\Eﬁm”%m F Aiz-fl * Ai'l,jl - Ah-J‘r ! Af':-f: = El’ﬁ(*’lifz}‘jﬁ(h:fﬂAﬁ > 0. =
2.3 fEjE, B, TeuMxBA%EM

EX 2.9 (RBFEOAHE). HFAKHEERLD —FIREBE—ITRCEE KR 0, &K
ATRR L 1] B 5% | SRR .

IFE22. —AEHEMEARMEEALESE, SHENE A=A,
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R [EIBE X 2.62.7, BURBERPER M2y, BUMTEME R ZEEM, 85 —5 5
JE—ATH 0, MEBRTNIFIEH, WAMD = A, 5 AMP = A, FERX FALREPE A, AP
IR —FUFIR IS —1THE0 0, A 18058 H ke, ]

EX 2.10 (BHIERE). BATE—MNEPER— N BEIRERE, Y AMCYILE— M, A
THEFERT —ATEN 1 LS HETERN 0.

EX 211 CEERAERE). RAVF—MEMER— DML EBARE, S AR, &
LA SEITNEESERA BHIF.

EX 212 (PRI £ NEEEME A B HHREEM AM BB, 3R]
PRk B 3% AR g .

EX 213 (W5 FAERE). 35— DS SERE A W62 E 35 50 AM LT B SR,
BAIFRIL o S 57 5 F A B

TR, 9 R — L W AR

FE RO 0 44 5 EL AV RO 86 S0 00 (5% A0, LRSS MR T LLMEN A B ek
B IORES, HR RN N, T LU SSARE % 6 A SR AR 0
ST TS

RN 2.14. # A ERRE A AL, BRRRIG, A5 A TRATFRIEN I st L
FFo S0blff0, Bl VAR ST S AR RT S 5% AR o 4 9% A

SIE 23 —ARAERARANELER AR, SARYA, ALY, BLF—
S Ao RIG—ATHA 0, B—ITMESNLEH0,1,2- n, BE—FIKFHEH0,1,2---,n, 3t
P+l ZAEEGKPR.
Y. AGIRAZ il e o] B, RRIRIEE X, FSUFLEN, SRR a3
AR, ERHEEIER NG TR S8 H A1 BA, =A+ 1 Ay =Ang, + 1,
Bf. FHEZRDME MT A=A o+ Ay = Ay, + 1. HTEW RS, HOLe s
BELEFATRIMAH — 1. o

mﬂz¢m¢ﬁ&A£ﬁ¥£$ﬁiﬂﬁﬁ,gﬂﬁ%%ﬁﬁiiﬂﬁﬁ,ﬂﬂu%
M, BEF—FTREE—FGEAMANLE LR ],

k. 55823 FH. a

ﬁﬁzL—¢ﬁ&Aiﬁ$£$ﬁﬁﬂﬁ&,5ﬂa5££ﬁ$£aﬁ%,ﬂAU%
FRER, BAj<Aj+ LA, < Aij+1.

B APTRARIE [y 2 62], U : o] LI, AR, D ENREAZIH 21,4, -4, <

Aﬁ.ﬁl “Ah,;‘ <1 A:’.j _Ar'-rl,j = A;’,j: *‘An-],;,l.i 1. O
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BV T, SR — MR 1 B 5% H AR, M ORI ML E
EARE 1, AT R R L S 5 HAERE, A1 T 3R S8 A TR B
T, R A BRI T

BiL22 HTFHELEBEEEAERA, FALEL LRl L, REA—EA0LA,;<

min(j — ji, &2 — i)

SER. R FEANCR B AR P gL AR 2.1 B =

24 PBEEIEE

EX 215 EE ), A T X, Y LASERE A, Y,Z LAOJERE B, RATEX A, B RIEEH
Tk g RRE—NME X, Z LESER ¢, H Cij = mingey Ajx + By WHAB=C, Hif%
Dnis B, A SCHR BT AT R B AR 1 o B B AR

AT LU, A SCh WFA A JURPHE P 3 T B Tk A .
EIE2], EHEMAEREEENA. EREZ, HTEAEMRAB, ABEE HEHR.

iE#. 4 C=AB, C,;=minA; + Byjo
BRI T3 M 2.1, RFUEWHNFHAH i) <inji < jar Cijy + Cipjy 2 Ciyjy + Cy BIFT
Ci,j» = ming A x+Biys 2 ki HAEB—NMEANA X TREIBAMEARK ki G j, = ming Ay, g+ By »
A ky NAERE — XA K FHUE B MER) ko
Fhy <k, MAahITARFANM, CIKTIE 21, Ay +Ank <Ak +Annr B4,

Ciuj + Ci = (min Ay + Bi, ) + (min Avs + B )
<Ak + Buj Ay + By
= (Aik, + Aiiy) + (Biyjy, + By jo)
< (Aiiy +Aigy) + (Bry,jy + Bry,jn)
=(Ajiy + B ) + (Aik + B j)
=

+ Cijy

iz

Fky <k, WhT B RZEAEE, By, + Bu.j, < By + Bupr WA,
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Cii ¥ Cup =(mgn A+ B*_j,) +{niin A+ Bk‘h)
S Ajg + By j, + Apk, + Bi,
= (Aisy +Aiiy) + (By, j, + By, )
< (At + Aisy) + (Biyj, + By )
= (Ais + By, ) + (A, + By, )
=Cijs+Chij
BARR ki by RINKR, B4 C, ) +Chyy <Ci s +Ch.jy» BTEA C REFEHAERE. o

EH22 WEEEFOEEAESREHA. BAT2, MTEHELEENLER A, B,
ABZ ML E/ad A48,

WM. BFEM 2.1, LRSI 23, NFEH 238 230 &R,
AU A, B.C #RELE[0: n],[0: n] E1Y.
XFHRF, Cio=mingAix + Bro» HTF Aip+ By >0, Ajo+Boo=0, # C;p=0,
MYRIE—AT, C,j=min Ay +Bijy T Ay + By, 20, Ay +Byj=0, #C,;=0.
Xt s —7), Cin=min Ay + By =n+ming Ay —k, HF Ajp—n=n—i-n=—i, %
IERMIBHER 2.1 Ay <Ay + 1, M AL~k XTF k BEAM, M Cin=n-i.
MFHE AT, Coy=ming Agx + By = ming k + By BT 0+Bo;=j, ABiy;<B+1,
Wk + B KF k BIRAARRE, #Cy, = j.

u}

EIE 2.3, MEEEiaFE OLEENIES R4, RMEZL, M TFTHLEELEE A8
AB, ABRMP 2455 A4,

IR SETE 2.2 ML, RFESD C MRS 2.4 (94 RED T,
NG A,B R0 al,[0:5), [0:b1,[0: ] LH.
MFHE—F, Cio=ming Ay + Big, BIT Ay + Big > 0, Ajo+Bop=0, M Cip=0.
AT BUG—4T, Coj=ming Aug+Bijy BT A+ By >0, Agy+ By;=0, ¥ Chj=0
MY EBIF—5), RT3 24, C,. =mingAis + By, < ming Apyx+ 1+ B = 14 Cpyy e
AMFE AT, Cop=mingAuy + By < ming Agy + Biii¥1=14+Cnys o

3 BREFBEEFE

R T —ARAIRERE, BRI H TR O(—) MSEE. [BRR T3 L6, LY
Rt () BAROERE, KT 00 AR Gnlogm MRERE, AT HHES
fraafi] . (W) L% FHERE B9 O(nlog n) ROTRIE.
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1: 554 PR AR R 2 1

3.1 —mRERBiEKESEERNFRE

=N 31 (G R, RAOVR—DEM A ZESREN, JAMCANTIH o <
i3'j| < Jja» :ﬁ” _'(Aﬂ-_f'z = Ah-ii A A!z i A!z JJ) H _‘(Afa.jz = Ah»h A Ai:‘h = Ail-ﬁ)’ ml‘ﬁ_gZa %
& dy = A jy = Aijrdr = Aijy — Ay T2 HEeHELE 1 th i VIO,

e MR RENE BB R, PEUBRI, AL 03I,

313 3.0 (RFERIAM). FF—ATLLAERA, T i <ip, & A g =mingdiy, M
%—RHM ks > ky, BAF Ay, = mingA,y; AR, B Ay, = mingAig, AF2A —RAE
ki < ky, ARAT A gy = ming Ay ko

SERR. SCIERTEERSY, BAMOL, NWEE—ETFFE i < ik, mingAq x = Ay, s TfE ks < kys
{43 Vi > kis Ak, > Aty

H—FH Ay, > Ay, BRBET ming Ay i = Aig Ay 2 Aiky X 3.1 FHE.

B LR RO, BARBSL, W SEAFAE iy < ip ko, ming Ay = Aigyr TFTE k3 > Ko
113 Vki < Ky, Ay > Aj s o

BT A, > Aty BT mingApg =Ausr Ak, S Anx SEX31TE. w

R T RAT, WFE—1T, HXATHE -MRAMEES k5, W EHEATE 27
E—A < k BIMREAME, FREAT —EEE— 2 k FIRE/ME. KB RRAHE B R

FORENE.
HL 31 HTF—AE4LEEEA, WASFRELE (&) SRMMEGPAT LN
A
GERR. XIEMIES| B3, W TREANB/MEREAS k], B - 1T —ETE
<k B ME, SESEAMBAMEANAE —E < k. AR o
3|32 B ASEERZELLAN, BALaBEELeAFaRe FEELEIAAL
H Y.
jEel. WEsES RRAENE X, BRMT MR, O
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SIEE33. F—AMNERRALAER, RRAT—ERXELLABY.

R NTF i <ip i < jor BENHELTEEREMEL, WERREEN 31, —EH @A, -
Aij) + Qi —Ai ) <00 BIRIESIF 2.1, A, +Auy <A + Ay FJE. a

2] MBS H RS [ RIS, WAMER SMAWKS® SR i A ja) B .

FEI 3.1 (SMAWK 50). M F—AKEORKEAn 9FE OBK A, WB—4FHE
b, TR F4 O(n) NMEMT HLFSH AT, £ On) et Kt H & Ab.

EW. FEHE AR -DHRERENR.

RAFIEL Cpj= Aij+ by, BATHBAFHEAERBE Om) 1 C PIYTTE IR TR b
CH—ITRIBRELEMEBMEMPTERE. BRCY = AM, c b REHERE, HiE3|8 33,
C e F AN .

BB RBRGSERE C DA FIRAASITHRNER, A D, H#E313 3.2,
D W52 RN, RIEDA mIT, KPR ERERE m HEE - ANRELNRME, 1
N IRA A B R B R

AR DR :m),[1:n] LW,

HEMNAEE AWK D BI85, FFHEd 24575 A BB A5 BT R R B — A )55 P,
WPHHKE ., P, PIEEES i+1 M09S .

HNVR4ED P, /(T ENZ, XF P,Piys B Deicip,, < Diicpe

WEIAGE j oI, Fe=0, WEHBEHSE j WIMAKRE;

4 Dp, <Dyt <m, WHEERES j A PHIKE.

A7 Dyp, < Dyjt = my BAEBIA ] GEAT fF o] — 1T B B SR 22 O e AMECL T35 j 5.

FEXT i BE TR RN ML j B, HREE im T, Po, j FIHIRM
2X2 THREFE, MRAGIEE32 HibeREARIEN, EEEBIHE  THEELS/MITE
I B m AT ESE A B MEN T8 Py B, 5H## 31 FE.

MF Dip, < Dyt =m, HFEBGTZAEPE.

4 Dyp, > Dyjy BRIEWAS] A6 (F T — 1T R B8 A O B AMELL T35 Py 5.

BIEX T i> 1, FH i THBRELENRMELS P 5, ZEHE 1,i 1T, Py, j FIHIK
(12 x2 THFE, RIESIHE 32 HOERTLEIRA, EEZIINE THRELR/IMIM
T& oL B ifrMBERAENBMIN TS P ¥, 531 FE. MFi=t, BRERL
MBRMARPTRELL TSR Py ¥l 3T i<e, REER > 2 MR, WM, ¥ i iTHREL
B MECL TSR Po 51, 8T Dy p, < Diypy BREHIM 60— 11T, Py, Py SRR 5 RE,
B, - VITMBELANBAMENL T P 5, B iATIRT S P 5, HEE, FE.

A Dip, > Dyjr WEEEA PO 2 Py, KRB RER Dyp, > D,y —EMBES P
Hh=, ¥ D,p, < D, WETIIAS j 5.
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RN R RAER ERAFHERE HRT

K5 R, KPR ERREY T RPN, BTE-FRZHEIA—X,
BER—k, XA RARER A ERME, MAFELR On) MR, B%1 Om) NMEFE
g, MAER PHEEZFRmPMTE.

Wk T ZRFE, B TITEAEIRER AT, BATKHEA 7 85
®a, THER 3L, BEITHNEREENR M —EENEHITRELAR/MAR B 2(E, i

ARPIANET BT 2 18 0 Je 2 B /ML B (AN BB AR On) B9, FTUA R T ER R Z o)
fr B E RIS,

FIT LA B TR) FO 840 0 5 B s BN BN S 2 E YN T(n) = T(n/2)+0(n) = O(n), T A T2
Jr e, EILHIECCTATEL W o) MR Z R, RAEREKARNELL Oom). o

BT B ARSI AN R A CINE A, A RITITR.

3.2 —HEEX BEMAIEE

EE32 S TFANEDIEREAB, TUEON) ¢t At H C=AB, ¥ n % AB
Ry S . 208 & i

BRATLLE R T B MG 7L A — K SMAWK SIAMG 21— 0(n?) MIST%, R
A7 2 SN 1 B

LW, Cij = ming Ay + By jy AR pi; A Ciy BEBIBANMEREAN &, X T35, %EB
EzA NI R S A e, BRRIEHER 3.1, H piy < pirjo

FRAE 5% H RS T RIS MR 0 B, WTLURIR pij < pijers BARIEMAINESIA .

MABAE BN TR L, WEBIAKKKINE—Cijpijs BT pijo < pij < pinj» B
MBS TR py oy, pinr, XWMIR Z B HASRIR] (FXMADCEANEENA S 0,y), #
B prry—pij + 1 DLE, KB pray—pij + | N THE—FBIX M EFAT i, j KA, K
STy BREAMMEMTEN BRI, £ om) 1, T—3KF O@) KRIX ML, Fil ik
K MESABL 0m?) 4, B EREBAEL 0@?).

T MRS A EFMAA R IIA AR AL E A, WARIFITE.

33 (ISR HiEMES @B aRE

AR REREMNER 3.1 M, BERMEEIGH R R A 4EEU R 8, i RAER
EREHIELEHR Omlog®n) 1. JFIBITHAH T—4 Om) M Z. BINXBEENMH—
fEii& ) O(nlog n) Hik.
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EHEII A F—AREGRRMEAn A M LR LEEA%EMRA, UR—AFGEh, T
WA O(nlogn) # &t i 1 3+ & Ab,

B, WATHEL Cy=A +b;. BRCY =AM, ¥ C RFEAHME, BESIHE33, C 5%
AR,

[RIES, EEEF A BN CRMRERE AM SRR S LR —A SRS EUs, &
BE AM R— AP WERIEFE, 8A;,; ATEATE O(1) B 1] 3 HE H HEAHSRIT A4S S B, BT Ary
{E.

HRRAGHEIE, MRXNTFE mAT, TAVEE Cpp = ming Cpy» ILRES | 3.1, HTF
i<miT, SEFE<kHIBBAME, M T i>miT, —EIEE 2 kSRR AME. IBABAIT
VB <m— 14T, <k FURIRIIFRERE, UK > m+ 1 4T 2 k FIRIRRI FHRERE 635 .

EEE A TS, BB ARUSIAS R A F kg, thpl R4S — U8R x,y, L
BIFRER) Aryr BTEE Ay WA - xl+ 17—y KERIEM AL, BFIA, RIGIE xy BH
1, Jo

WRBANERE m HIEPE 1T, WAEBIEMEEFTERZ), Wk REE®IATHE
L ETHIRERE, ) AN, R AMARYIEATE S m AT R B A, BT N a, b,
WRESEES m ATHTA B AMET EAEL b UOEFL, RESBRBET LREAOEE, LURES
VATE R G TR ) B R A PEA T AL a + b URtE. SEMANE 2 T3 O + b) IX
BB AT LASERR x, vy AR B 5 .

MAEZLHEHR L Ologn) B, B—EHTAEMKTH S EMAEY on), H4
AT O(nlog n) K#fE, B2 O(nlogn). o

34 ERPBAIRBHEMERTEE

B 5 ) S R PR I ) B ok s TR L R 58 H R, AI3IA— AN B T
.

X 32 BAFE—A[1: n] BB —MEEEND n 98, HF [1: 0] PEABRE
I — K.

EX 33 XF—A 1 : n] MBS a, X Mat(a) I— (0,n),(0,n) EHIEERE, %2
Mat(a)- ;- = la; = j1, B4R Mat(a) /F7E R AR, 5E XA Mat™'(A).

Ekliﬁ$ﬁ¢ﬂzﬂﬁﬁﬁmﬁ,ﬁﬁ@a@hﬂ%ﬁuMm@%M@Pw}

o 1 5L B 7 5% O AR P (X Rk R PTG, OXREM) 52 SURL TETRI -
MAE, BAVFRRANEH LW 0 2H.
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B 1: 4R 3 D, DR it fE

34.1 REFEE

BE 34 A TFEEHRIEEABC=APBOW, ZANEii742%, NC+Eiifes
B, ZBHFE jILE, NCHE jHlLLEE,

. HE—MABITXSENAR ERFAHROT, HEEETREN, A KPR
175G RABR, B AR ZI R, -

713 3.4 [ SUE, HEFIERRLN, TG ESFITY, BA%REEEN.
T34 sFFHAKEAn 9B a b, A4 Onlogn) stE A+ ¥ a®b &) F ik,

jEE, EEREHAMEEE, AR ER b, KEW R, HERKE =1, HERNHE
— W 1 B E BN AT .

HM, 4 A = Mat(a), B = Mat(b), BEilH C = APBP B, Ci; = minkeiom AD, + BY;
FHRAGEXA k BITEE SR (0 : m], [m : n) PSR4, BIERE CLCR WAHIRE, o CF =
Milgciom AR + By j» Crj = Milieim A + BP0

4 AL ARl A BRI (0 - m), (m : n) FURHERE, BL BR & BAREL (0 : m), (m : n) 17 (FAERE .

WA, THE DE = (ALPBLDYM DR = (ARPBROYW iy F-5| 8 3 4, Jf HAEM =2 %47
¥f5, AL, BL, AR, BR ¥ BAERE, B K5I mon—m, SEACHT RSN mon—m
B TR, SRMERL L, BT 7R AR AT CUE % R ) B LB IELE O(n) B
[6] P iR e o

AR, DF DR R —NEWRERE, BHEA—EEEREME. AR TR HY
A A\ Dt, DR 13 3% R 5ERE.
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4 APL, ADR 3y AP BEL [0 : m), [m : n] BIHISERE, BPL, BPR %y B #HL [0 : m],[m : n] 1T
MI5ERE, FB4 Ct=APLBPL CR = ADRBDR,
“# ADL _ DR _ pRD  ADR _ ARD , LD pDL _ pLD D
RAVA AP = A7), BPf =B, APf=ARP+AID, BPL =B+ BRD,
L _ - ADL , pDL
Ci= kle-{g:g]A“* + By ;

— min ALP 4 BLD o RRD
= min A + By + B

kel 0:m
= LD LD RD
=|min A7, + B .)+ B>
(&6[0__",] ik k.f ., j

= D2+ B
= Dif + Dff
Wb fE—%, Rt T AR & —A WEBSERE, BEFIIREFH A 1, D5 = mingemn AR+
Bl = minepmn k= m+ BYY, BITHER 2.1, B+ k KT k AR, MURDMEA k=mBY
3, D2 =B%,
XFM, B8 CF MFER.
Gl = min AL + B

u2 3 RD LD RD
= WA+ Ay, + By

2 . RD D LD
« (aﬁ'&ﬂ;"*‘-’f + By ) A

= Dﬁ’ + AP
= Dij + Dy
L, RATATLUE € DL DX #RT o €y =min(Ch, CF), 61T min (yBUE L E 5P
BMEARR, BITEE S, = C-C}; = DI + Df} - DY - DI? = (DF? - DFP) - (DI - D?),
AHERI 6;; b L& DR N2 LRI T 8 —4ETRA 5 DE WA T B2 LI — 4 i 5%
RZE. LHRR )= EI’E(U:H.J’E(U!;) Daﬁ; B E-"e(r‘:n}.}‘s{j:n) D:'::.j"'
HEE D, DR R — B, BTLL o ARATRIII EREE H 1, AN ET
TRFIAGE R AR, BREsnG TR,
LEREGEND=CM. ZEBD;;=Cr; +Cpj—Crj—Cppr UWRETEXE ()
JE PR X DY A~ £ A4
620, WAL 63 20, B/MATE C* BLE,

Dij=CE,+Ch .- .~C,
= DS 4 DL+ DD, 4 DI, - DD, — D2 = DD, —
= DS, + DI - DI - DI,
=DE

ij
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prs

Q-. fem
HGiES

P 2: )\ D', D* 3% D 312
R, 3 64 <0, MAXTA M 68 <0, wAMEIE CE HLF].

Dij=Ck, +Ch . ~CE . —Ch s
= D5, + D2 + D5, + D2 — D5, — D2 — D2, - DY,
=D, 4D =D = DIF.
= fo;
ME—F| N HIE LR 8- - < 0,0 > 0 BYIEDL, B TFAHASHIREE 1, FiLliEfn—
B - j = —1,00p = 1,00 = 0p =00 BBACL . — 1 RERCE .0

Dy;=Cij+Ciiy=Cry=(Cip=1)

=Df; + 1
¥ Df 20,1 <Dy <1, XFMERF D —EH 1.
W4, (KRBT DR DR 5, BRATEFENIRE K 6,; = 0 FIX B L Fi RA94e
2, RIXLZH 1, KeHoEEES S D5 DR 3F0a]. RBRATEANNENR -
BEATERAE RN 52, AR A O(n). XA BRHERAE 2 .
RGN, R m = (n/2) B, SOZEIER S EIE T(n) = 0m)+2T(n/2) = O(nlogn).

o

342 FEpEK

BAR E—/NTHEH T Omlogn) XA BT @ s ML, ERRIVKAN XA
FIL A MIERRE A BN T B PRI Y o 788 B LI A HER.

EE3S F#1,2,- nReBEBRLHEEL.

B, B L2, n WNAISHEE B B = max(0, j—i), F TR T B4 fa] g B 5%
F4ERE A, #41 AB=BA = A BIT[,

2 AB = C, Cij = Mo Aix + max(0,j— k). £k = j N, WEA;; k> N,
A2 Az TEk< B, BFEHER 2.1, Ap+j-k=A . C,=A4A.

BA = A WJUEA] [A] B o
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36 A FAEAN(:n]l 69 Fha b, BbPBFH—ABIGERTGi+]), Bpbik
Rbi=i+1,bs =i, A F jeli,i+1},bj=j. buvhatth T, #Fa=ia=i+l.
%u}v, ﬂ‘]a®b=ao gﬁ'j, a@b%}ia&ﬂ iﬁaﬂ!a\'ﬁéﬁi&u

B A b RGP — MRS RRS (p, p+ 1), %IE B = Mat(h)®, B;; = max(j—i,0)+[i =
pllj = pl-

4 A = Mat(a)®,C = AB, C;; = minyeg A + max(0, j— k) + [k = plj = pl- X F j# p,
FEEE 3.5 MERE, Cij=Aije

# j=pr W Cip=mingon A+ max(0,p— k) + [k = pl. B, fEk=p LA, +1;
TEk>p IR Ay, B/AMETE Ajpo WERE] FEhk<pBHREAL+j—k BIEHEL 21, B/AME
s Ajpy + 1 FELE]. Cip = min(A; - + LAip+1,Aip) = min(A;,; + 1,4 pi1)e

e, B FRFHXT j+ p FIERAZ T (k= p] —ANIFEHRIE, BIIH Cp 2> A,

Fa,=pa=p+l, Hi<us WA, 1+1=A;, C,=Ap: Fizv, WA, =A,
Cii= Ay

WA u>v, WHTFHAEL BWEC,=A, HC=Aacb=a.

Fu<v, WHFiclu:v-11, Ajp1=Ap=Aipn—1, Cp=A,+1. CHIX A K7
WRAER [w:v— 1147, BASIMN L1, R AM £, WRLAEAY AY . Shg—, 7%
Al AY A —, fEa ERRZHRT a,,a, BMH. o

EIE I A TFHEE—ANEHa, —ETAREFERE FABGH - Mg EFTHE
RGO, BELETHA—AMFEFFOERDLD, - b, £Fa=b30® - Bb,.

AEB. LGSR b B PR BE TR, AT BARR B ER, oA XEEN
BTG,

&N, HEEAN L E8 b, =ib, =i+ lu>v, XSV Kb b, b, BEIME
B, b L b IEHD - NHTER, MERAERE i ®c®--®c=b, 1T i+ BE
e, HT b DX b, =ib, =i+l KMIBHu<v, b t=0. o

AT LHEGEE, T AR MEE R, X b, IR IR B
AN LB IRE, BHa PR ICRCERYEFH T, WARE, BMNHATEHR. W
RENMERPIZ] i Z BB~ i N REBIE IS o N RELFRBER a 03, WA 3,
AT LUTE SR f i i SRR B b SRR T MBS, B RXPALRZAE a PELHM
A, MAHAT R, WX

Khr b, MR R, RESHIIXMEREHET.

FIEBIS. A F—M:n] ¥ E#ha, a REBH#Hnn-1,---1 A% Ma@)?,, =i.

kM. FHRIEXELBERMS, EHAMENEE Mat@?, | = 1, W~ EHa, = 1, AR
Mat(@)? ,5 =2,  ER any =2, BAHLAEHE. o
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IERAFMEPSE KB2T

v CARZE, AAci KHEA, FRAAE,

&l 3: XA BT @ 185

T3S F#Hnan-1,--- | AQEHENEL, HbaHhEHnn-1,--,1, b Hhr
EF5#, a®b=bRa=a,

iR B#enn—1,- 1 NS AIEE AF A = min(n—1i, j), SFEEN 7T 7 A
FHMME B, #7 AB=BA=ABRA].

4 AB = C, Cpeij = Mingejom min(i, k) + Brjo fEk=n B, BB i; FEi<k <nll, i+ By, > i;
fEk<il, HIEHER 2.1, i-By=Boi— B <ke M k+Bi;>i, 8Coyi=1i HH5IH
35, C=dy

BA = A MiEA R HE . o

RIS, @IBH L, & MEREHEERMENE R, T8 BT
H— Bk,

EX3S WTFT—AN:n] WEHR e EXHEEER S A5 0] B, F15
E: a; = ,f-uaf_j =i

39, st FEEEMa, ad*@a X E#AA-1,- 1,
EY. %84 A =Mat(a), B = Mat(@®), &5 KN B b5 L2 A utEHie# M0 — A3
M, MLARHB/E j-B), =AD.

=i

X C=BPAP, C,ij=min BY , +AD =min, i — AP, + AP, =i, #RIEFIH 35, BiE. o

3.5 EERTFPEASHIEMRTRE
FRAT B VT HE B B AL Eh L 1 (OB R R

TR 3.10. & F BHEFI4ERE A, B, T A4 O(nlogn) BF 18 f) ++ 5L (APBPYY | 3t n h A, B
fh B AN R KL,
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=
o5 o

E—ERE R IERAZHERE KRIT

B, B, NAFIE 34, THE C = (APBOM B, ATLASEMIRG A B2 BITULL B 2 EY,
1350 AS,BS , it C° = (ASPBSDWM J5iftAT 42
B 2FATHVR, AS, BS RA Al REIF AN E B RE, HEBH AS EArsh bl M msE e,
ﬁﬁﬁ%hﬁ%%ﬁﬁ,ﬁﬁLﬂim 4%Eﬁﬁ%aﬁ§&tﬁﬁﬁmﬁm#ﬂ%ﬁ
D D
%E%ﬁﬁ%%@ﬁmﬁmﬁ,ﬁL;]@S*f=k;*
USR] E B 3.4 M BT HAR SR RO EE RS SRR BN Rl 45 3 5, o

i 3.10 A9 Ah AT RTINS AR, 7 5 B ol 6T 3 3 28 SRR i
R,

W C = (APBPY B, RATINBAE A A BFIBERAE—ATE -0 FI 1, B HERITE
AT o0 S 1, 35§ 798 S | RERE— A — 38 MBI 38 S MR
i, TS 3 MARRIE, REATERNE FRE i SRR 2o M2, C,, = 1.

4 KA

4.1 35K 4% B RE 5 AR P4 3P

A EBBH, HAFRAAEERK MRS E EE S AR, SRpEH
Wr.

BIRE 1 (BEADLIE] LIS). ' 5 — KN n H9HES a0 LLJZ g K1) 1,7, 4500H % E
BT (L r) AR K LA PRI, nqg<105.

i BATRHETI B CE FRRAMEERES R [0,n).

BAIZ RN —NRE, —3H n+ 11T, n+ 150, RATA G, ) KBRS 1755
B G, ) B G, j+ 1) B | R, G 5) B G+ 1, j) EiBECh 0 R, i
THENHT a) Fa, =y, W08 (v+1,x+ 1) ELBCY 0 4T,

Ay 00,0 B (n, ) MEBERKE, B, [0 ANRK LT FFAIBKERE r -
l=Ays BHRE, WNFr<iA,=0, TURR, NF A ,a+A, SEOKERESE, h
TIRIEHRE R, FTLANE & SR T R840, 537 KRN, 0,0
Fl(r+ 1) 5 0,1-1) 8] (n,r) FIBETR, #A 1, + A <Ay + Ay REHERr<IM
—ESE LB, ASAR A R—AMEREHER, BT LR E A, OBRRESETF
IHGRAFE Apar, Ay BT A AR ZEAERL 1, RIEHEE 214 B—/MEA W
LiRive JSF ]

Rl
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GEEFEES

o3 )

-

&F

ER—ERBEE ERAFMMPE HRIT

I RRATRETE IS BB A NN H AM, BT AY P RERAn MA1HIE, B
2T LU o R 2 1 — 4E RS R RS T X ) B BT R R

AR T, KRR S R RS, R4 B.C AP, B; N (0,0
| (m, j) WBKEEE, Coy R (m,i) 8] (n, j) FBSBKRE. BHE j<il B,;=C,;=0, R4,
hTHEE—ERAETAE), LKL j<i BEs—ERSEE/ME, WA=BC.

fEEE, HE, FFEEThEs s EgnEEer, BEmZERE ) 3
7+ 1) BBk 1 i, IBARATI X LemRT, A v S 2R A P48/ 10 %
B, C' o TIETRE I —ANREEAN— i 58] i + 1 FUREARCH 0 IR B i sEm 4 5
DT, i IR 6, TN 1, WRZEE SR MG BRI AR —. X B 1
WRLETES it AT i SRR BN AT 5, B BM, =154k 0.

W4, MNTEEZHAEE, bl BI85 BT B FRALE X NI4T RIZ,
SETEARATH AL B Mgk I b 1, BARTTLAEN L HES | On) iR #.

FREL, FefTRTLATE Om) B ial ., AN 2228 1] B i BYM, M i3 B 2 2 Ay it BM, CM,
MTIAEF EEE 3,10, LL O(nlogn) MR Z/E THELH AM, 354316 NRE 4% K 40 FF rL3E1E [n/2)
b, WIEEZE R T(n) = 2T(n/2) + Onlogn) = O(nlog® n).

W0 0] B 2k fa — i 5 BN AT i B Olog n) [H12 41 ) . [

S L — B xR E, BDEREH A BRI T oRMRE, (RN TR
B, EEAEREEME, BAORFET —FE.

BISE 2 (- H-Fi4E LCS). 2 8Kl nom FFH a,b, g KHR x,y,2, EF
a WKER x NETESE b NE y MFERRE 2 - 1 MEFNTRORK AT FINKE,

n,m,q < 10%.

ik A a, b M T HRIEEZF B [0,n), [0, m).

RAVE RS b BRI E, 25 a = b, WEE G D E G+1,j+1) Il 0 14,
A AD fRK 0,0 B G,r) PR KIE (r<IPR 0), 5L, ADRERLEN
MM, B, —4LREREPE 2 -y - AR,

RERE, 54 B AR (.0 B G+ 1r) BBEH KA (r<IHH0), BEERMAIEN
frsg AR, AAT A9 = ACVBD, BT I<r, B)=r-1-[3pell,n,a=b,), W%
F& BOM (.

WF LI+ 1, %8 BY - BY =18 BOM B 1 AT 1 FTRLRIALERLE

WE <l KBRARTEERY; WFr=1+1, B)-B), =1 & a#bs X7T
r>1+1, B)-B) =1 ¢ [Apellr.a=>b]=[Epell+1.r.a=bpl-

¥ oa; # by BB/ [+ 1 N, BRI L>L B a=b, BT r<hs
BRYABL, BACr =0+ BEREGL, s N L+ 1.

RER, B EE A
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EN—EBAEE ERRFHEPE K2T

Wz BOM AT LB AR B B R, AR 3.10 AT B3] O(mnlog m)
KR AD fhEEs,

BEEH 3.10 B, HEEEG BOM W EREREY 5, HatNHFREHE m N
Pxt, BAMER B BOY B5 K, ST a=b, BITHI1E58EI+1581 -1
T8I 1 MRS FPxs, Jorh oy ABANKI L > 1 1843 a0 = by, BTAARAR AN A 25 6 B A 86 B 0
AL m.

I, 1RE 53 BIXAXS NS DR A @ ik, MARIEEH 36, 5
A RE A HBE A S © BARTTLL O(1) v, FT LARG RIS R (6 f 13T By 53
1 I 1) 32 ) LU R OOm)

2, a[EL O(mm) BRI AO, X THANARATLL Om) 8L, FTLLLE Onm +mg) B
HIREEA R vk, o

AR —3RM R, Aoy LU =SSR B, TeLik— i i) 09 5 2 RE R,
(He Bt B FH R .

4.2 1D-1D #h7SH¥

L |D-1D FIBHAS AR HIFR B — A 7 20 0 2R 38 H B . L — B A 5 o) 11
ARAFAT LA 2 LU A5 B 23 LR KTEIH 5 I A MBh M I 7 B R 5 4.

{BURE 3. ° 4558 —ANKBER n BTSN, LARE Bk, 17 q VORI 1 r, SREK XA T T ARTE
[N AN TRABEZ kTR, B—BOARANTEN SRR KREZ L. ng< 105,

Mk AWBIFSITFRRMN 0 FF G, 252 MPIEHE, B#—[0:n),[0: ] ER4ER
A, HFr>l o r—i-A, Ny XD FRAGIGAH, ENA, =0,

AR, TRATR A BRI P T RALS AR, WAL RMEEZAEM. BT TF=4
HMES, ABC, HIA\B|+|C\B >|[(A\B)U(C\B)| = [(AUC)\ B, A%&:Xmiamm L
2|Bl, f#¥||AUB|+|BUC|2|B|+|AUBUC|. BIENHEAHEREMANLBALER, B
ER A, BT RIEHCEEREEE AN, BTEA A, 76 1 < r POBHER R 2.1 %M. Hiblg
LRV, # A, REFE O, T B AR R HES 2.1 IR, SO 8 8 W By 52 F 4R
B,

HAVRAEFIER A%, WA BB B TIER k R [FRER, r< I 9B — 2K, T
VIRZE r> 1 fith, RERER LR E L, BRIXMGN 18 [ E.

MAE, BAIRATERL AM, KL, A1, ZBEF A, - AL, = | KB/
ro NERM A, - A, =1 480 [Lr) BN TEROFEANES 1+ 1,r) AR, i
MIBREAE [+ 1, r) WHBE . BAREB/MO r SR AR F— MBI E N —. EFE50E
B O(n) 1, WBTLL O(n) R AM,

i a1
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&3
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KR EEN FEEKREWERE KRT

HEFK, #H O(nlognlogk) MIHGERES R T AMY, SR 5 i) BT 28 5 8 ) — 4 0
O(glog n) 3K BB Z T, &}

i BRI o S S0 6 AR AL TR, DAR LSRR AIRIESE:, WO -
FARIA . DB R — A R RIS AR T L. TR AR (o
HWABFIS R ERE.

43 Bruhat FHE

SEhr b, AR AR HAEMENRIENSHUERZESERNMER. FlmtE
THES B4 2 Bruhat FFHI P K R .

EX 4L XTFHADEH 0, b BNV a < b, HHOCATTLUETE TRAEH a H— DU
M TC RN BRERER M a = b,

RMVEI, XARIE ST LA AEERRANEKR, AT,

S 4L A TFHEAN:n] 9 EHRab, a<b %Y Mat@a)? *H -2 EH I TF
T Mat(h)® st i E#y %k

JER. BB R UL AWIRFEN G Mat@a)? P i — PN e E AL N, SLEMS
H7e ot

# Mat(a)®? P —AP T ELH DN THT Math)? XN BFITE, 2 A = Mat(a).B =
Mat(h) , FEXKT AP, BP MNALBE L HEMEMN ST RS, BR, HXNBMHA O,
a=b. HW, BATVE R —Ea] LA > a FIFEE b F— 8 pxt, 8 &K
SR, 1HRRRAR/ N, FEVH G018 2 BYE 16 5 51 B T 885 T i N IX iR AC#k, B 58 A48 .

T, MWFELEEE A, B E—1T, HIkBER THIAFENAT, WX—1T A1 55,
BMI1&ER jF), —%F j<i, BMPH—B AP MERKTBP 7. RXITAFE LIT.

PRAEREL ) EEEE T, WX—TAM1ESL M, BRI 1TESE j, 5, HRIFEET
M—47, 8 i, WHPEDL—A e i) WXITNE KL I1T. ERX TR —EMRE
2R, HFEEAE NN MITH,. BRFE <k, SUET A, BEE L ITHE, B
A BIXEMEL, WAL jF BHEHT 1, FHE. WEPERIIX T

MAX FRAEAES k # ky IT R8T kyy WIX—ATAM L EH i 5, BHI 1 5 j» 51,
A4 iy, jo —FELE (2 i) b, BUIEFEIE, HEE BP - AP (8 — 4T X T F il —17 A& 53
XA +1 8E& -1, MHET i, jo 75 G i) 4b, BTEL B? — AP (A58 [ : i) FIl— %k
WoLAER, BT A1 ZEME o T RAHFN, RAOFEEBY . - AL =B2 . -A2,. =0,
BXFpelj:il,BR AL, =1, 8XFpelj :i],BL, —A2 =Bp AL +1>0.

W, BP—AP 8 (ki ko) AT, (7 271 518 > 0 AELIRS ki 47, #5 o € (%) T
2AERE] BR by ATH jy FIN 1 55 kAT 500 1 M — A8 X, BIECATUARIAEIEN

C022EEEEEMETHEERENBAILL 146



s‘?‘*-'-*-%
7

CEF

ER— KRB N IERARHIRPY BT

B - AP HJTCE > 0, MZHIGHEMEFT A TTERR >0, AEEMBRAEN, RoErag.
i e, i) FH,
Fr LU SRR, 1840E . o

FEAL FFHA(:n] 9 EHkab, a<b SAREaReb A E#Enn—-1,- 1.

ER. BANCE R nun—1,--+,1 Hz. A=Mat(a),B = Mat(h),C = Mat(@®). HiF C £ A i
et eRe M2 — BB 2R, M4 j-CD = AP,

BHARXR - PMURERE, RESIE 4.1, AP hiG AN E/N ST B 3 A B
Fo ERRBEBRIENENX, T —AEHE M, MA? hE— N CEBHNTFET MBP
KA K TTHE. W CPAP PG— AN TR PFET CPBP XN BHTE. R 3.9,
CPAP = Mawa® ® a)” = Mat(z)?. # (CPBP),;; > i, FERBIMIEHER 22, (CPBP),-.; <i, BT
LA (CPBP),i; =iy HRIETIFE 3.5, a* @b =z,

W%@ﬁﬁﬁmﬁﬁab=aﬁﬁmﬂi&mmqh+w§=amﬁ$mﬁh
CPiu+Blzir MAi-AD+BP >i, BP, > AP, R#FEFI®4AL, a<b. o

BlEE 4. Xf PN :n) EH 0. b, KESFHa<b. n<10°.

ik RETHE4, 534, VEEH— Omnlogn) MEE.
S, BTLMERSIEE 4.1, R —ASCREX AN, EWXARMERILBR, &k
PPN POEMEREN S5, HRELEHNAITE. Bl LLE Omlogn). =
HARAEHRAFA R L RS BN RGN EMRBERE, AREHHT
BB @ EHBAREHRAERHM S, HZWRTEFRAT, A TIHR4E 3
HP BT 3¢ I R P S IR 220 P 5 R RO R LA B G VSR L2 SR b (R AT IR, R
PLER AL R LIBTST R E 30 ob 45 Hy B AR C Y 98 44 LU BRAIE P

5 BDE

AR EBA G T fa] B A 5 H GBI — 9B KI0E5 8, W LUEF o) MZsfal e n—4
WLRFIRTEN n x n PR ESHERE, FEATLATE O(nlogn) RO (A 9 k4T 3R, LU AT 5 )
BHIRE. IXFMETELE BEFER D2, Bl LIS, LCS, Rl cHE %%, #0
ARG TR, EHEE, (fLUEH S8R0 EREITX S, EERESRPE L
MR

{ERE, ASCOUR T ] B B 007 52 H R BEAH SR ML AT T RIS N 4, H 52 PER, B
Bl s RAVUEBAZIE B, FIHE RS0 RS 8o 58 20 B 2525 1 S 2 AR 4.
A AR IR R IE SRRV XIS, FHE . .
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RR—RREERE JEREAFMERE BRIT

Boi

I b B LR R L ST T &
37| N RN S P o [ DRIV Ik RS
RN RIS R L S -

R R K SRR U RS TR K.

5% 3 Ik

[1]
(2]
(3]

(4]

(5]

Static Range LIS Query[EB/OL]. https://judge.yosupo.jp/problem/static_range lis_query.
Prefix-substring LCS[EB/OL]. https://judge.yosupo.jp/problem/prefix_substring_lcs.

TISKIN A. Fast Distance Multiplication of Unit-Monge Matrices[J/OL]. Algorithmica, 2015,
71(4): 859-888. https://doi.org/10.1007/500453-013-9830-z. DOI: 10.1007/s00453-013-983
0-z.

AGGARWAL A, KLAWE M M, MORAN §, et al. Geometric applications of a matrix-searching
algorithm[J/OL]. Algorithmica, 1987, 2(1): 195-208. https://doi.org/10.1007/BF01840359.
DOIL: 10.1007/BF01840359.

The Bakery[EB/OL)]. https://codeforces.com/problemset/problem/834/D.
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AR RARRNERES T FEARXFHERTE KT

ek — R A RV SLIRE B

FEARKZME RS BFR

=

ASCGARMATT HENNR, MR TR R R R, 45 T EIEXT
MRS 7 R R A B4R 1 THERA.

1 5]F

M A AT S AR A SR 54, el O EO A L A B S5 R S L
6 B ELIBAT AR R A, ES B SR A RE bR TR IS IR R . AR, E
B X T 7 RIS BERT AR T . A SCHN GRS DA ARSI R, et
ENTHI 2 IR B AT A

2 MR

XPIE®E s , id [s1=(0,1,..., s—1) .
M Fs FEE — AT LA B (key) BIRERB T AY(E (value) MRS, HI5UT
iE:

L. Insert(x,v) fEASE(E x BXfWHHE v .
2. Modify(x,v) Y¥H{E x MVAEBERN v .
3. Delete(x) WM x BXTRZAGME .

4. Query(x) ZIHRE x XA,

it n MR FHERTHTR N, B4 n NN SR

WHRELRE U C ] FRTE, P u>n.

WA G A IR AR R SR S U BRI B AR MM A (S [m] b, @R
By m R m=0m Hm>n, MT—RGRBE x O8RAE, BHEECETRA R
h:U— [m] 138 y = h(x) , REXMTFENE y HITEME.
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R AR AR RESHT HEARKFEHERE BTRE

SR, BIFEP DA FE B x1,x2 € U W h(x) = h(x) B, EREES HBEIR.
XAHRBEFRAER AR, VOGRS AT REBU D R R AR R, AT LAR
R P R T i

3 e
X 3.1 H—AMELES RIS b U — [m) R—A 5 TK

S 3.2, AR UM A U E| [m] dhededt P FRAERAVEIR ST R4 h AL RIS H
&4k (truly random hash function) .

e 3.3, H—MLEE Xo, X1 ., X1 €8 & k-3 (k- wise independent) &%, +e
RAEFELZTAAREE kA TFAR do, ity vik €[] 5 kK AZAE youy10 .- )41 €S, #F

1
A% = J"jl ==
jelkl a

EK 3'40 1;%. ﬂ = {x[]sxh...-xml-l} a ﬁ:"/T\“"ré'f"ﬁ‘T Lﬁ:ii& k § (L("F* [m] ;%— k‘“éﬁi f’{]’ ‘&ﬂ%ﬁﬁ
MEF h(x), h(x)), ... h(xXy-1) & k-5 85,

Pr

— A HWHHRE, —WBERE R B -2 8, YHMYEREEE L MEA
HIFATRIE xo, X1 .., Xe-t , MRS AE h(x), A(xp), ..., h(xi-1) ¥R] AR EAH B0 SLHY
k SRR R .

VR 3.4.1. o BebF R4 h 2 (k+ 1)k s 4, ML h 2 k-4 69,

JiE AR
Pr{h(xo) = yo A -+ - A B(xk-1) = Yi1]
m=1

= ) Prh(xg) = yo A--- A h(x) = yil

»e=0

=M X —

k!

PR 3.4.2. AEFE k, 2 EMIEEA RIHE k- T 09,
E k, TRINIGH—1 k- s BN AEREL.

PR 3.4.3. wReEFRHE AU [p]l £ k-thE 8, L W) =hx)modm {£ p>m
BT k—fRE 89,
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ER—RRBRNEREIT FEARKFMEDE BTRE

‘_i'fﬂﬂ. 3.5. B # p>=u. %‘ﬁ.%ﬁ*"{-lﬁ#% ag,ay, ..., Qg € [p] ; ’-? h:U— [p] ,7{]

h(x) = (@18 + -+ + ayx + ap) mod p
M A(x)=h(x)ymodm & k-1 &%,
E. T EAMEIR X0, x1,. .., Y1 €U 5 yo.yr..... 021 €1p) , £F ap,ay, ..., ag-; B
SRR Vi € [k, h(x) = yi MV EIFFIRE M RN B EUER T ES, FRAR
—fE. MM ,
Pr{h(xo) = yo A+ <+ A h(Xie1) = Y] = x

MM 343, & 2 k-4 i1, o

X 3.6. #% h:U— [m] &—/£k=5% H¥% (universal hash function), 4 £ Vi, # x
) %F%- Prlh(x)) = h(x2)] = i o

PEWR 3.6.1. 2 — 1k & oA AR 2 4100 F k.

PET 3.4.2, PERE 3.4.1 FIHERR 3.6.1 MEFE X EAH T FiRkes 7 sl 5o 7 My aR 55
Ao WROAK, REREE RS MR, BEThERRAES L.

4 Py R

TRSLEEYS (separate chaining) 22— FPARHLI 7 b 2 I .

ThSLEEE AT A A — IR A S R . AT Insert(x,v) i, $RF x X 57HY
PR y = h(x) , 1 y M AEERMNEEE BEIBA (nv) ; 4T Modify(x,v),Delete(x) 5
Query(x) B}, 7E y = h(x) Xt RAYEER PR B x ST ITH (x,v) , BRIV g #
fE- iC y SRAEERMANS ¢ , FBLA—WRMEHIHREER TEMRR 28T ¢ 1T
B E— U ARVE T R 17 i i BT BB SR, B rﬁ%;( ¢ o

ER 4.1, M AAMMSH R h, MisEHLE

m—1 _ logn
le’l=361( C"] - e(loglugfr) "
4 % m=1
1ERA. id lips = maxc, .

1=

Xf y€[m] P
e
k!

ﬁh:ﬂ=@%ﬂm—m*~ (1)

Hfa=2,
iC eia) = é‘u CL | dia)=1-efa) = ) i ] S2. Mo REKE, ¢ ATLABTH HUH
VR, MR
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ER—REBROBRES

Prllips < i] = e@)™ = (1 — di(a)"

T
—InPr{llps < k] = -m in(l = d;(ﬂ*))
_ m(dj(a) . Ly ]
2
PR
_In Pr[Ii}:s =4 . dyl@) + 02

- e—ﬂajﬂ‘l ¥ {Il =2

i (k+1)!(l TN (k+2)(k+3}+“')+0{m :
B

- k+]

(k+ 1)!
& lps Bkl j, W Prlllps < j1< 3 < Prlllps < jl .
L]

—InPr{llps<kl=m + 0" + O(m™)

- J+1
(j+ 1!
FREYnmooo i, ifa<l, &

In2 =m +0( ")+ O0(m™)

U+Di< om
j<I! (%)—2 =T'(m) + O(1)
AT j = ©(T0m) = © ().

FHERATEH @< 1 B} 1< lim F“J,ﬂ <1. % nmFEHRE, —FHH,
Elllps] = Z (1 - Pr{lips < k1)
=0

-
> 2(1 — Pr{lips < k])
k=0

> (j + 1)(1 - Pr{llps < j])

2

2
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R —ER B RS RE ST

REARLFHERE BTR

M,

oo

Elllps] < j+ )" (1 - Prlllps < k])

k=j

< j—EInPr[Hpss k]
k=j
= me™= +1
=iy e a o)
; k+1)!
me Tt

{j+ml—)!+0{l)

. In2
=j+—+0(1)
l—a

E[lips] = @( logn )

loglogn

(u]

EHE 4.1 KUY, 07 R PRI A (BT n RERME, HhRIBH0—K
MSAREE) IS Pk O (ps) | MiF{ERATERS AN o)
Wb, KBS AR h RSB, MT2BARER b . R 1R

B, MTTE AR O (o).

ERR 4.2, 0 2HSF DY b, RIEELRRE LR A O(p2) ok R 5%, Fx
L, wRa=2 F—AEMH, MHEEb>0HEE a RiFTFXIERZ:

alnn =
Pr|{maxc, > g5
ye[m] Inlnn

R B e [m] MIVHIHERKE .
iC 4 =Ele] =2, Wi Chernoff bound &

; e Y
Prlc, > (1 + d)u] < (m)

E{ﬁ:’““"—l, nu

Inlnn

eiian ! ]'u

ehis In(£2)

i 3
s Ini-inlsinm
ej In "(“"mr)

= p( LR -1)

Prlc, > (1 + ol < [

BAa =2l 0 Pric, > (1+ 8] = o(mb—l),
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]
=

Al
Vi
\ﬂ

N

Er
\i

k

R R HROE R0 FEARKEFHREPE BETRE

TR

< Z Prlc, > (1 +0)u] = O(”_b)

Pr [max c, > (1 +&u
ye[m]

YE[m] °

u]

RS ST BRI PR R AR VR A (R R A BE SRR A2 O(1) 1), (EAZERST h ALK
TR, WHE/N, BSCERE P i ER R T AR R REALAY, B BRI
k5] 6 (]OI;]D;") gy ER, EAEEREN R P ERRE. C++ B STL 248§ unordered _map
F R W RZ LA R LR

KMEHRETE

LHEARA Y (linear probing) 2 — RIS A RIS H ik,

SUEERE BRI KA m (B T, 8MIBEAE X (x,v). 84T Insert(x,v)
mF, B x S EHBRFHE y = h(x) , MR T, B, B0F Cov) FEEET, 8 IR T, B
a5 T, A% Ta T, .., Tpt,To.Th,..., WEAIE—REEHANME, B () FF
e M . $AT Modify(x,v),Delete(x) 5 Query(x) B, M T, FiamfEaH, HIR
Bl MIERRAEST x, MXIEHFTERE.

B, WEE x € W], x HESBTAFHLE h(x) RUAGME—FTZE. PIT0ET x
R BT B BRI A 280 h(x) B F—M R3S (i B R BE RS .

Jr R, FXPEIBAR m=2n Hom 2 2 HRE.

W h 2 k-4 i B, Wk FEY:

on

k 2 3 4 5
#ifgR e | o(vn) | O(logn) | O(logn) | O(1)
FiE R 42 | O(nlogn) | O(nlogn) 0(n) O(n)

w®b, AR RRARAAMRIE RN, MPIT n KB, Hepilgny
YA’E'I'E]%?FHQBT|@§AJ§%%§1 B, BREE. WRABAGSYASEEE—ER
B, MBS A ARIUT n A SRR BN S R .
TEBATHAXNT 5 -tk frAARE, BRBENEIRZREMER o) 1.
REMMAERPEEFHET —DRND n HRERE S ¢ U, BEERT K
Query(q).

EM 5.1 H—ARF R=[Lr] AN MKESLH, wRERPENMLEHMKRLAT, LI-1
5 r4l ¥RT

PERR 5.1.1. &4 h(g) 89 K& R*E—, H Query(q) ez FH a8 E R[+1 .,
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RN R BROERES N FEARKFHRESE BTE

X 5.2 H—AHke 2,6+ 1)2) gERRAR—A 1- K, b ie[z].

X 5.3, =AM I- R I REMey, ©oR S FEVH 22 AL BagsBEET 1.
S 5.4 A TFAKA r22" MKELBR R, EREZMT AN I-Kid) $ELF
AR .

‘LEQH_ &%R %‘&E{Jﬁfj‘q'jl\f_grﬂ ﬂ\] fﬂ}-{h[ziIL mIJ !D Hﬁﬁfﬁ_‘ | ﬁﬁﬁﬂ:Rs E— "qulalﬁ c
3
R, -‘;F;%L=Rn(U!,-) WRIL>3x2+1.
i=0
1M1 L & R 89— A~Hi4R, TN x BEAERETE L & R4 h(x) € LT (x € S | h(x) € L)| >
IL|>3x2'+1, AN

3
anes lh(x) e 1) >3x2' +1
=0

MIMFFEE i€ [4] 8 [{xe S | h(x) € I)| > 32, B I, BIERH. o

S 5.5. o REE q HIRRESR RARA r B2 2" <r< 2™ MATF 124 I- K5
PESH-ARERERE: 04 hig) 49 |- Kia, CAME 8 A - B AAT AN
3 )|\ z_ Erﬂo

. HIEGIH 54 PN XE] fo, L, b, BT r<8x2, # I, —ERAE h(g) /9
(- Ria MIEZME 8 A~ 1- R Z—. FRXNAKEGE TSI BEFRN 12 2XE, &
FIH 5.4 X 12 MREHRELE - REBRA. o

R, N 1- B BRAOBEZHESN. i P A—4 - R GRKE,

ER 5.6. Query(q) b4 1L B A

log:m
O[l + z 2‘9,]

=0

E. HEAE q ORKESZE R, iC r =Rl
#or=4, WSS PE 12 MXE)SFHN T, D Jy, IB4

Pr [r c [2.'1-2, 2{1-3)]
:EPr[fos fls---Jn‘ﬁl’EiL“ﬁ_*’i\?%ﬁ?ﬁé‘J]

sgPr[!f;%fEFﬁﬁ%]

=12P,
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%

k)

7,

A
4
-,

A
v

W

o
Sl

i

|

i — 28 B R B R R hEARKSEHERRE BFR
F2& |
og, m
Elrl< ), 2*'Pr[re(2,2)
1=0
Ing:m
o Z 2-‘+3 Pr [?’ € [2f+2, 2!+3)]
=0
log; m
o S Z 213 % 12P,
=0
N]
log, m
E[r] = 0[1 g Z 2’P,] (2)
=0
a
n—1|
B8R 5.7, WmRMMEF X0, X1,.... X1 €{0,1) R 4-2k 3 89, X=3 X, u=EX] 21,
i=(
i F
PrllX —pl > d ] <
n—1 n=1
it 0 p=EX]=PrXi=1], Wu= %ps, TRX-u= %(-Xﬁ = Di)e
it o2 = Var[X;] = E[(X; — p)*] = pi(1 = p)* + (1 = p)p} = pi = P} »
id o? = Var[X]. BF Xo.Xy,.... X, R 4-42s fy, FHME 2-2%x B, NiMA
o?=Var[X] = ¥ Var[X] =p— % p} <p .
i€lm] ie[n]

FHE RN E[X -]

n=1 4
E[x-w']=E [Z(X,- = Pf)] ] = > E[X-p)X —p)XKi-pdXi=p)]  (3)
i=0

i gk deln)

T E[(X - p)(X; - p)Xe - pOXKi - p)] o BT Xo Xi, o X R 4B ),
FRING i j k| FHE—F S BHZTARR (R i 5 k1R, o4

E[(X, — p)(X; — p)(X: — p)(X; — pp)] = E[Xi = P E[(X; - p)(Xe = pOX, = p1)]

i E(Xi— pil =0, MTIHER 3 8f, REEIHE i)k 1 AT EDHIFRAR, B
iy jyky | ZFRAR R ERE AT A2 L PTALHE (R T BRiy T
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C;g‘:‘f‘*@ ©
\Y Aoy
AR —RERROEREST FEARXFHREDZE KFD

TR
E[x-w']=) E[X; - p*|+ (;] 2, E[&Xi-prax; - p)y]

ig[n] O<i<j<n

<D E[X-p2]+6 Y B[~ p)?|E[X; - p))]
ig[n] Osi<j<n

e Z c:r,-2 +6 Z 0'1.20'}77
i€[n] O<i<jen

2
<c?+3 [Z 0"2]
i€ln]

=g? + 30

<u + 3u°

<4ut

i Markov inequality,

E[(X - )]
daﬂz

1A

2 4
Pr{iX — | > d ya] = Pr[(X - p)* 2 d*?] < v

u]

TR 5.8. m>in Bom R 2 MR, deRIR—A 5- 3 ahobA Fd h: U — [m],
ABRMIRE F R RBRFORRLLEMER 0(1),

EW. FIEREE q XM EE h(g) =y, , B2 F A GRS E x0, x1, X2, %3 € U\ {g)
SIAPEFE Yo, v,y € [m], G

3
Pr[k(q) =¥z A ({\5 h(x;) = y,-J]

3
Pr h(If)=YrJh()=}’l: =m™
/§ il PriA() = y,]

AT S BT BEX I BIE FHR 4 - 5 19,

HEHL 5.6, A TG REMEME B, Ri1ZiRAd P f— ER.

MF—A =R\, FEEEROEER. W xeS, i X, =[h(x)el]. TR, X = T X,
B S a7 1 PETTRAN, 1 ERY AR X > 32,

idp=EX], Mu=2<2) Fg

3 1 1
Xs oo X ok )| P
23 T AR e mYeR

H5|3 5.7,
40000

3, 1
PriX> ZZ}ﬂPr[X—pz-I-aﬂzfp}gT
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Rk EMHROELE T PEARKFHERE ETE

M ER 5.6, HRBIFHBIAZIENERE

log; m logy m
0[1 * Z zfp,] = 0[1 + Z » xz—ﬂ] = 0(1)
1=0

=0

O

HER 5.9, m=3n 6, IL—A S a9oh A Rl h U - [m], ZMIRE EERIRIFN
RIRELHEMEE 0(1).

HEE, MFm=0+en fl 5— s WEAEE b, °TAENRHERE L RURER
BIRE ZUEHER o),

6 K4

AR SO 7 B PRI R A vh 2 M SR I 3 SL R S AR R A AT RS2
PR, FEIER T S T A B SRR B B S A I O (), At
BN 5 — k. WAA B RO ERIR E 2 E RSN O(1).

S
R L S R TR P4
R BRI R B S
TR, 42 EEMHRIER THS.
BRI . YRR 1 SR A R

W

7% SCHR

[1] Mikkel Thorup, (2017). Linear Probing with 5-Independent Hashing.

[2] Mihai P~atra scu and Mikkel Thorup, (2012). The power of simple tabulation-based
hashing. Journal of the ACM.

(3] G. H. Génnet, (1981). Expected length of the longest probe sequence in hash code
searching, Journal of the ACM.
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BRPEHTY HHE

SHREIE O hiYEiA

SMAREE O RAYRF

HRMEHDE EHE

m =

AL A E IR T Ol b 69 MR S ik, F3E4p T — 2 B MAX 369 ) i,

Hil

DR LT e R, A SOHE A3 TR o 4 A M M

oilf

1
IEFR, SMERBIE Ol FIIMABBHNE, HRTHLTIIR, LRSI

AE, BREAWREUEA LKL, ik 6L BT ERATT LA M £ A A2 16 3

2 fFS54%
B B DA R ER AP REN, SHANMAZE SEANALTY, bl
BVREBR B, A SCIEE — AN T B IFIF 40, k5 BN 52 10k o 5 M T 7 AR

U =5 51§12
{E{E .
KT A, I ALS, T) A—NMEME, BIBR AS, Tl =Asr 1 <i<ISL1<j<|T], &
ST RBEAFES, KEHIELT S, T NES, Kb T £ 7 545

TR A, 2 A[S] = A[S, S].
it A* A KTERERERE.
iC A8 A BITRIR, # A BRERE. 181X 8 X M08, X haE.

ic Ry, Cs FFERE A AT, FIMVRS, ZERFERBOERT, TH A TLURZES, 3

HATELR « BRI 4 4K

X O,1 7 AT ERE AN, WRBHIANUSES F RS,
25E [A] HEHRRES, Hha@ A AEN [A] =1 5 (A] = 0.
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SHEETE O PRI HEHERTSE ERE

3

3.1 75N x
ol Je N B — ey MR AT FI R A S R, LB (.

EIR 3 (R R, T A% A, ARICR, &MNA

A= D sen(l, DIAIL JNI - IAIR\L, C\J]]

JeC\I=l
K E sgn(l,J) = (=1)iresinthvivtin g @A LT E A A

iEE. FRAT 53000 E COTIE. o

EIE32(RFEHFEENX). 44 R -AMNE 2R <|C| #9468, 3T L7 cC A =|J]|=IR|
AB—Aie I\, WA

AR J1 AR ') = > AR, J — i+ jIl- JAIR.J" +i = jli

Jer\g
R J—i+jRANDUG), FRAEELR, AFRf jIFRE I FNEE, £M
BENHE T +i-jHEL, ZEHRMNEBERAIMFILT.

JEB. HBSHER
i [ARIT AR
T oA AR T
Horp A AU k FR AR, () ERFIE R 0 195ERE, RB kR T PRIE.
Mo ATy, LERAO, BIE R ITEFITIERS. O

ZEH 3.3 (Cauchy-Binet). *Fnxm, mxn sk A B, LkbPn<m, &

IABl= > |AIR4,S1-BIS, Csll

|§i=n.5CCa=Ru

0, A

B 1,
T IRs AT RITEEART /S, HERMEENSTRENTRER, HEFS
BIETS o

LY. R OUERE
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ZHABIE Ol FhImFs E e e

EE 34 BRI oL ARFH, DEHH, 0

A B
det
I:C D

Y. WS TR IR . o

=|D|-|A-BD™'C|

3.2 ®HEx
FERER M R EE A F R, RITRER g LEHENMIE () 2,

EH 35
rank AB < min(rank A, rank B)

rank AB > rank A + rank B — |C,|
Y. EIEA KRRV E B SRR . o
R 3.1, o THhtkH A, 468 B, A 5% B F&E B %
W32 wRARFH, DELR, 0

A B
rank = |Rp| + rank (A - BD™'C)
€D

EI 3.6.
rank A = max{|/| | |A[I,J]| #0.I C R,J C C)
L AL I #0 &5 A[LJ] &%
WER. SERRATRRERA, EHXAFHEME LRSI A T LA, o

KR TRREARE R FRERIRR, WLBRATAT LA 4750 A0 26 1918 2 R 22308 9 BeAf 3%
fAZER.
Aok, BADERLUT=#EH%M:

c AR, ABITRAERHEARR

« AT

« AJREr S

A B v B LR U9 3 f e [ B2 25% P O 0 JE — 3L
. A KK

2022 ERRRAMERTEERKIIBILT 161



HHHREEE O PEIRTA BEEHEEPE BEHF

» HAWHE, ARRYE

- HAEER AT

« JiFE A, B (TR

BA VX H IR IR 0me)!, TR —BAER o) BSTETE.

33 M5B

BRI SIS SCHERERN ) OB A 2 At AR DU EIRAT /484 R E TR RE OU3L
i PRFRE RS D

EN 3.0 (BT, S¥H K, FRK KT, 4V =) B—HEgqg I F LHTE, EXF
IR K L8 ¢ ARETHZTR pr B8 01 y2, e yg) = 00 WFR Y 1E K EAREOMAE

EX 32 (7 XFK). MIEME A e P A AE R, RAIMKAE BRI ER R TR RN
AAWT X, RESNTEE AV, R EEFE - FEEN « IHHRAN A RE
MR R R AE . X BEEER a RIGTE A B K TUEOMT.

3.4 Jordan FrAERY

% n B Jordan Bt J,(a) A:
@ 1 0 - 00\
Op @l 040
Bl @ sasa 0 i
000 - al
\0 0 0 - 0 a

RN 3.3. HFERY Jordan FRAER X T n BHAERE A, DOTRHAFEE SN A4, W A LT
diag{J, (1)}, HF—4R A, FLEIEHIEAERHE 2 A 1 EHIR.

Jtef Jordan e HE DL BILER LB A, SEATE, WikHBHER ALY
HOHHAHE .
BILER, W T

#if 3.3

"Bl w=2.3727
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LHAEIE Ol Shi9mF EXMEETE EhRE

» trace(A¥) = 300 A
* |expA| = exp trace(A)

B AKXS, MFE A GHEARY (), R FA) O HRAEIRH (£(A)).

4 HIZCLHIEERE
4.1 HREEXERE

BXALREATR). M nMHTEEA, EXRTR M, N AR, O\ &2 T
AC,= ("”HJM:'._:'“

MR 4.1.
Zai.jck.j = |Alli = k]

=1

FEX 4.2 (FEBEEERE). XTF n A ME A, TATE LILAEBEMERE C K-
Al =Ci(1<i,j<n)

MR 4.2, AA" = A"A = |A|I

HFRER TR T EO FE, B R LU TR A 0 46 [ R i
e B S SR A i R

BT RBAERREBEERE, 4 =20t

R R, A = |A)A7L,

MR rank A<n=-2, WAEERTREH0, WA NTHERE.

Xt rank A=n— 1 FBRHLEE S, £E3E.

SR A1 AT mxn 94EH A, nxk 69454 B, % AB =0, M rank A +rank B < n.

HEFAWK B 844 A B ey,

ZHE, BHF A £0, AA*=0, W rank A" = 1, RAVROEAELE 0 & u, v B A = T,
BAHRFROMER, RITH A’ = (Aup” =0, [ Au=0 (FAHAV £0).
FIEATB VA =0, NYBEEEE—H W, v Fu,v +0.

BT o =k, v = kv, WEE— kB8 wvT = k',

EHBEATRBTEREEE D wv? TR0 MRE FHRE L TRETRERS & )
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v

H )]
iy ¥ i
W

3

(AN

ERHEICEAE O AR BEAHESTE ERE

42 EEB-EBEHLK

&2 3 amAR (UTFREKSMW 2430, #H FREFEMMEE, mIgkBs, T
etz shasREE.

FIRAL SMW AR T nBrTi#E4ERA, nxm4EFEU, mxnsEkV, mxm TiE4EHR C,
H:
A-UC'V) ' =AT"+AUC-vAT Uy ' VAT

FBA-UC TH#W A &EHM4HC-VAU T,
e FEE

a vl [n vet][a-vctv o[ L. o
v ¢| lo~& 0 cllc'v I,

A -1
ARy 0 s 0] LB A™N
e AT T o0 c-vAa'ul|llo .

IS EOE W TEAS X HUR B A S R, BRI CAKKL £ A-UCTY).
u!

¥ SMW 24 AT — 2o AT AR B LU F R A M4 R

D 4.1 (MATHIRA). shn+ | BrTHEREM, ZAnRA L THEEA, WAAESBR
LM, 0, LAKEA

M = M7, o+ IM [+ 1)+ 1M
8 n il A £ FHEH

SEE. AR M n+ 1] =@ 7, B AR KR, v An¥IAE, BTEE
EEX B AT ENEERER. BEEBA U= t-1),C=1m=1V=(0 1), KA
SMW A3, HVEEE MM, {n+ 1}] FI<RBIATHIEE. a

W 4.2 (RITHISRIY). b n T80 A, LA RERM—1T—FR5£HEM, dTHL
BEAKTER, ENAHEHLRN—4T, TR

N
)

FARLBm—5F], BA:

A SMW 72> X AT
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SMHUSEE O YR EFEHEEYE BREF

MR 43 (PEIREH). FHRTHAEM M 69555 A N, M AT MUK 255K M[S)
AETIM, THRENA Ass R—AKRDAS 9758, A Pirsles o s.
W) M Ti# S BAS I+ AgsN[S) TiE, BEidsh:

M~ = N - N[x,S1(I + AgsN[S1) " As s NIS, #]
LA, FIELE SMW HBUm=S|,C =1, U;; = [i€ S),V;; = [j € SIA;; BIiF/S. =
Femlth, ZEENREEHARFEIRS, 0.

M7'[S] = NISIU + AssN[ST)™
XFEHVEFAT LATE OIS 1) N 18 Y 4 B 1t

5 BEigHEx

51 BELHBIEELMDE
A% GV, E), |Vs| = n,|Eg| = m.

EX 5.1.

« B (R EE), RUEN TR m 40 01 MR, MEEMNFHRE, dFiaRka
TR (BMERGARBEBE A BB Ak,

 BISREN (WTIE), HUEI TR m 4R 01 FIR, IERXMFRE, BFEIE
(BIEH R THES, §5 VS ZEKa%k) Ak.

B 5 RN T EEIMER
M 5.1

* REREGX—MES, MEK-KLBRK, S5 L Eabda K e
o

c HEERGE—BES, MEK—ALREK, F-FaL 55X fRDGERZ
NP S LR

ik, GHER:
#if 5.1.

022FERFAMEZ P EERKVIBAILK 165



EHEEEE O PRIRF EXhEEPE HiE

» BG(V,E) Loy T R4FR2VC, SRRV, Ab CREBRY
© FEARINRE MG EA (E-FLE—HERDAHBI)
B RBANB — 2 REGIT

38R 1 (DZY loves chinese).
25—k B GV, E), BRI R — AN/ 15 A, FEAMERA N THELES.

WE 1

AL EHR S Fy ARSI R ETE, 4 ROA MRk R T
FolA, TRty BT ELA SR %

R B R ORI SR FARAIR GO 2F - F) MIBRGH, HAEBUER
n—1, HOEEAERBEENTER, WEERE AT

HARURRE T FY LBEHURIL, & AR MK 1076 8 BHUR (8 2 5 £ PEAR S 1
REZH () (), ()

TKAE u = 64,k = 15 BT TOUH 3% 1015 /27, WTBMEE (HfAF 2218 RIRAT AR
BB ).

5.2 [DLECHE%

SR ACHE BB AR SR I 043 ) IZ A A 2 R R R UL G 1A R, UL R PR A IR A
JTEAT EAR R MR AT 1B A, 3RAT) R T 2= DR 2.

EN 5.2 (BHHER). H%AH kB GV, E), BilE XL —1EMETG), HITHIEER=C=V,
ELii A
Xij i< jn(i,))eE
T;=40 i=jvi,NeE
~Lg &>
W T(G) 3 G WEFHERE (LR Tutte 55[5), G N T(G) MEE, EARERBENHEL T
BAHETG) fidA T, HABXH T 22— BIFEE

PR [ 2 A T AR B B B B AR
EIE 5.1 rank T = 20(G), P uv(G) A G ¥ F K ILE

WEAH O BLZ=% 2017 Stk BA 18 02k .
TERE B AR M R N FRAERE, T EANERA BRI R R, A1
5 PR A R AR T
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SEEIE Ol YR EETEHPE HiRE

EIE 5.2,
o FPATARIERE 694k 18 4
© AFAARIER K, rank K = max(|S| | [K[S]] # 0)
PRk I B Le s i e, phAbmg 2.
REX 5.3. Plaffian 52 X — 2n x 2n BIRIFFREEME K 19 Paffian 39

PfK = 2,%!6':.jr,fz‘;'z‘...:ﬂ.fﬁn.;'. Kijr - Koy =Y _ sen(P) [ ] Kpu.op,
P =]
Kb e AAERTS, ATUAMLE RIS S sgn 31406 3, BUG— 2 dhf) P EGE 1 ~ 2n
HIHESI, FF IR Py < Py, Pyy < Pyays T UAMERLE BT ITAC.

Pfaffian thf —40 8 EHER .
MR 5.2.

* Pf(BMB") = Pf (M)|B|

* |M| = Pf (M)

BN RAUEBE 8 — R M -
EH.

1
PO = Wffl-ﬁ-fz-fz- -Fn-.in(Bl'| .hBJ"jJ: )(Bf:-h BJ:J:) v {BimkuBfn--'n)Mh.h M*uf: W Mh-ﬂ.

X RBSBETFS. i MGG, kL BEEFFE 1~ 2n EE.
EEF

et Bew, 1 koo, kody = Eirojriisi v Bis o Bjity Binks Bty - - Biy i By,

ZR (K} U (0 MRS, KRBT k), () FEEE, RAOITUELREE —RHEBHA
RE j R HIBOEH, AR B RBMEH SRS, UKE— A0, SUXRERIATA 0.
FTUARRA I LSEERR T kL ERHES, o (2) fRA (1) FEEEIFEIE. o

TR SRR, KU ETTLLER, RATHE L EE GiE.

F A E AR BATAT LA AR R H — N (B SERE G Plaffian, (B2 3RA1%63R 475120 F 7
¥y HREKZHER T B RTN.

ERFB FMERELT M ERER, RITRGSEE S MFER R #1797,

HILHE BB L LB R MRS R R AR A7, EREIN R BEE
BT 3 — AN IR R FREE, SRS IR En T,
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SHETE O YA EAHESEPY ¥ERE

HTIEIE 1.

R EH A A,

o B % —F A0 E, Whstarfr, $—47440, BEERHK, Pf(A) =0,

T E) —AH — ) £ E 0 69470, Lk F 4T, W FHEEB, T B #
Bie, sTRMIGE QP F =T,

A FHTOE—F AL M), BNAFE TR EAEAENE X, ANGTE
BT TR, RMAEZFHE jIF—ALEE X, BEPAREETREE,

W EAHE AT R R Ak AL, A TFH=FHE0LE (BRFE—ATH),
EAVERF — 4795 AR KK X, sk, RIHER AT LA,

VLSRR Y R T AT ARE, MR SRR, RAMMEA® BHE, SAAEPL M,
AN A AT AN R =64 L A 2] Rt AR T oA R RAA

K MMEH det #/X permutant FIFEF, FRAT AT LL6E A ERRGERE E 1 PE AU A2 ULIRC,
9% S FRA 10 A A B UG A, e 7 L 2% -8 51 BRRAN T AT LA LA K ) IE B SR K EE L AT Y
R R A7 A .

N CodeChef #t PRECPAIR — i, e AUE R LB 2N kB, AXHE MR HURAE
R Pf, BEHHERT.

[d det —#f, Pf AR

AR 1.
Pf (A) = D (~1AP (A\(1, 1))

il

LA\ ATFAERE i T3

IEBIA det BT, BHmEEECEE.
BT RBAVEN AT A E L 0f AR T -t e 2o

I 5.3 (B8 R M RRAME). o FEAEREAG), THEATAREG -5, A
BT sl FE LI, WA

rank A[1, J] = min{J[\I'| + [J\J'| + |I' 0 J'| = 0dd(GII' 0 J')) | (I', J') € DI, )

XE D) = (I, ) | AU\, ] = O,AII, J\I'| = O,I' C1.J' C ]}, 0dd(G) AFTH G
by i@k e, GISIATT4S HFHTA

X 2 E FRRA 1T LAS BB e b - i e 3, TRINBZRIEHE KR
FEVFIA e TR 2 AT, JRAVIE 7 B & — S 5| B 2 3L

S| 5.1.
stFHEA, TRENTERLLI, A

rank A[Z, ] + rank A[I’, #] > rank A[/ N I', %] + rank A[{U I, #]
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SWHHIE O hAYRIFS ERTIERSS BHE

F1 3 5.1 #94E 0.
WX RAUNE, <\ —8T5, BYRAXE DT ZRERH—ALL, [F#i%& Z &
XEr Ry7BanE, .

rank A[I, *] + rank A[I', #] = |Y| +|Z] = |X| + (|¥| + |Z] — |X]) > rank AlINTI] +rank A[IUT']

5|3 5.2.
MNTHMEA, TREGFELL, FIRL0FELY, %

rank A[1, J] + rank A[/', J'] > rank A[IN 1", J U J'] +rank A[I U T’.J A J]

31 B 5.2 ¢h45E 98,
HEATHR A MITHES S, TARX, 4T =TuUSs, A A'[S.5]=LATS,.T] = A, I
rank A[I, J] = rank A'[», (S\D U J] =S| + ]|, M.

rank A[Z, J]+rank A[l', J') = rank A’[+, (S\I)UJ)+rank A'[+, (S\I')UJ') =[S |+ |[INT'| S|+ [1UT|

HI5| 2 5.1, rank A'[*,(S\I) U J] + rank A’[*,(S\I') U J’] > rank Alx,(S\UUuINHuUUn
J)] + rank A’[*,(S\(I N I) U (J U J)]
R HARN L r9& 2 ENiE

5|2 5.3.
SHFATFN RGN NAS, T RS A, HBEEEZFEICS JCT #43:
[S]+ |T| = rank A[S, T] = |I| + |J| - rank A[I_. J]
Viel, je Jrank A[l, J] = rank A[/\i, J\j]

172 5.3 ¢9iEnp.
BEWER %1017 REERN, WARA D =(S,T) .
IR (1, 1) R L IX R 11+ 1) BN —3S, ¥ rank A[7,J] = K, FE3AT]
FGE (4, 1) iR 8 —%.
A AL A HRE =%, M3IEs2 &4
2K > rank A[I\i, J] + rank A[/, J\ j] > rank A[/, J] + rank A[I\i, Nj1z2K-2

# rank A[I\i, J], rank AL, J\j] PRUH MR K -1, EHRIERER A2, NS —6
BAKIAL D), FIE.
B RZEIRERE 2, kR | 3R ) A 1, B K = 1B A RATA |S|+[T|-rank A[S, T] =
1+ J1 =1 < max(|S|,|T])
AL S| + |T| - rank A[S,T1 > |S| + |T| - min(|S|, |T]) = max(S|,|T]), F/&, WA R 1RIE .
]
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HHHUBEE O RIS MeehEEy BiRE

5|38 5.4.
2HEBBGV.E) PR ELE-ASERALRAE, WEAKEGHHA LM, HE
BELE—ANERAFTELE,

3152 5.4 t4iE9.

EARNIEH 3 5B KR ITRAE N AFCHRKEAKFRNE, AR ERNEPrRas
FIFIR, B INRAHE 225 5 KUCHELAR /N ) — X sl R A B Bk o

MABBBRETEN, HFAEEE ()02 BRALE—EEE (v,2).

B EHA R SR, NG EERPM SR, WRALE —ES AR TR
(BB T4, HAFSTHED, FIIEE.

B T ORBATIFAG A S 5 2

B - 104 F IR AERE T Xiw 3% H9 JE 9.

B HIRATE rank A[L, J] < JI\'| + rank A[F', J] < |JIN| + |J\J’| + rank A[I" N J']

AL A L) B5FR, BTUA rank A[Z 0] < |I' 0| - odd(GII' N J']), BIERART AL,

BTNk, EALNEK RIr=o8E V=0 BELMLHESE, GWHSIES3IH
CAER (1, J') 36 2 5| HR A & A

BABER (1, ) W 2% EBEEME, BAELRFERY I,J) < DU, D).

EAR, AHRAEIE0 BT G, ) HR AL #0,iel,je\I

Sk i TR 2, FERATRA, BT Al ] S8 Fu R, WERIMAS
TR R, H5oIBMEMEFE-

B3 5.3 %R B 5.4 W48 rank A[I’ N J'] = [I' 0 '] = odd(G[I' n '), WAL
EArfE:

rank A[7, J1= Il + |J| = [\ = || + rank A[I' 0 '] = [\ + [\ |+ ' 0 J'| = 0dd(GII' N J'])

] ?‘%i&Eu

DR B 143 B P RF- e b s 7

EIH 5.4 (BIFF-A4E E ).
T H GV,E), HAA:

2v(G) = min(2|V] - |S| - odd(G[S D))
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SHHABIE 01 PROKIE ERMERTY BRE

6 PEHLZIERENTE
REBULAZR OF thee LI R, (R HADFCARIAERIA, RummE%
HIBLS I BURBENERZN — 050, T 5 A B e AR S B AL AR A T /B 8K

6.1 LSI/RAIXESE ERENEE
X 6.1 (FEHUERE (7). Vie(ln, Y Py=1

i

EX 6.2 (Fiflr). X TFRENIERE P, Z X £ RAFMRE i 555 n £ —REIE j HIE=,
EX fis= D £

n=1
oo

TS iy =y nfS B = puy TR i OSSR ],
n=]

E X Si;=in] P:‘j > 0}.
SE X pi = ged(S ;) = ged(xy, X2, .. )(xe € Si) M{H i B8 1.

AR (R0, BATHE 2%

% fu=1, RAVEEMEHERS, B EIEEES.

# 0, j AT R SRR (1 Py, > 0 BILERS), Wi, j FA%RRAEME, HARAEHE
(& A ER).

BA fu=1e Y M=
n=0
A - 1
JX%EH? ; Pf, = I—_Eo
XN REN P =Y (0P (EF RS HAILEENE).
I=1
#ﬂﬁﬂﬁﬁM@,Z}ﬁzTé%,ﬁ%%ﬂ%iﬂﬁj%ﬁﬁﬁ&ﬁ&ﬂuﬁiﬁ
n=0 H
AT,

HTFLRMEAEE M EREEN EH.
EE6.L FAMdAKAGRE i, & lim,.., P9 = 4,

/

XTI 1 MRS o A limew P =Y Y.

— AR GOEBISIE SHRE) BRI 1| RES, TR LT L Ei
SRR X TR AR, o T b e i .
BT SRR BB 5 TR A
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ST O SRAYRIAE WERHERTY i

52 UM d F— n TR, SR Y d =1, HAERAM R 2P = .

LENIREGE (B REIREART ) HE/NRARIBE N 1, BATE AR EAR L8
FiE.

KHF ARG LA, AR lim, o P!, = wj, V), FF L w; =, A— PR, BME—,

ERIEERRT Pt = 3, PL Py FORBURPRE AR fi PR, MECFRRAE «, X n' =
o' P A7 S BN DR A T R oy A —

SR FEM PRSI A A, BT RENLERE P A 4HIEE L, R I-PHAA-1,
R AR TR MR A 1, 13 —HhJ5 BURHE M BB PR 4 A —F

BRI FREEE (RTA%) FPRaMERME—K, JRRR T REARIEE
T, FARNEAE mw =1, WERBREAELEEHHEE (2019 FEBERO.

T RBA VA TR IR H R GIRRHRAHRR).

HAERIMERAS %, BEES CBERND MIEFERS GitrEERin, &)
I R R AT PR 4 A9 0. m

it FHIEA, ROERBRF, = 5 MFRLCEBRIN L j2H F,=1 T

AlAR L, j A Fiy=0. &
STH—IEiER, BAOGEMNEANERRS | BXMRE f IS8T —RFEANRT

oo

W, BHRREINTUSFE, AEEERORENSHTFEEER > P

T B L RATRTUR R P18 < | CDFFATRME AR < 1,
O A K AT AT R, FEH R Ax = Ax TR,

TR TP A, RIGHENE, SR [ P AN P R —
AKE, NN,

BRI I T BR I, B £ NG, B i R T
£ R, A S TR TS

RATUARIE— L8 £ I, I, RIMEART 2%, R
AL T ER:

W62 wTFoH X, FTHRHMEP, lim_X P =n, pFaLHA

h FAEDI A AR T R ABNLE R S A, HAXER, EMKERiE.

TR R T SR TR M PR, TR b — I — L AR A BT, 7
SRR TR A M T AR 1 RIA— B B, R RRE T,

RATEH — L% T TR A A5

iy mPiy= P AR

LA G B3R T — A 26 BRI B P BT 2 s Py = 1, Pce

X T T AL B PR (IR, SR R OB A SRR, 2o
RAECTERN, FiMr, = o, o d = ee

¥
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HMCEIE O ThRYREE B Ry M

ARSI 16 B AT AT LA R SR e 24 (=1 ]
HFAE O BIAR A, 1X B AR 1) 362 g 9 /138 : HNCPC2019H 7 [4 &, [W£2014]Pachinko.

6.2 FEERLIEHRSEY

XTI BT EHIRE A, BRATE RN, IIENER, WA ko ko € Z k > 0 35 2
Ye 2 kg, A = A°,

b ke BRI, ko W HRSEEL RITEMR k, ko B RERE A7 M.

HEBATR 7 EIREE P B 3, (R o 88 ok I 1) B 40 2 BT A G 188 B 1) JE BB e,
M ko W RFTA RS S | A A

B BNLAL S BIRF KRB E LA, RE% A, =1 M U P> 0,

WABRMATRRVER: F xyeS;; Mx+ye Siio

W BIHTF i TE1E co 978 Vi > rf,ﬂ,kp: €8io

HE B,

BAVELE p = | IEFHEN D], HERE—Heed = 1 T (1), BHES TR —
H Y wite =1, WARNE w ERSTE, B3 S win-wpn = 1.

TBEATTHRM x,ye S, Hx=y+1, EEFHRENIR y+y =2y, y+x = 2y+ 1, x+x=2y+2,
EFBAVRMR =N, — X RESIRESE y MY, RITRIES T . o

AT S, xFaEmEk, Hrh g YRR, X H G EER M o By 1k
BUKM y Bl x K 1 #8812, B WK kB kp,+ 1+ €S,

A pdkpy + 1+, Bk BAEENE, pop,, i+ 1, BIER, I ARIEHEHERE
hETE IR K

AWM AR K (ATREAERIE) # ged (FAEHIRE L P, > 0 RAFEH —
FILEE A AR,

AL RIRAER 5, A4 5 RN A R LI PR K09 god — i BB BEANIRK .

BIRRE IR, ORI dfs I, RISMBIRMETHA —/ ERmIF.

APV ER A x, T RFE L dfs FEB/N A, M x H R I 2 B BB 55—
FIERID y - 2.

Hy— s RIEHA, Bax=z BFEWEL x i dfs FiBREMG &, BERRE—RER
3, FIE.

#y -t REOGE GEBRBDUARSM dfs FRIERMNKD, Bl x~ y 1R H%
—ELI1L w = LCA(y, 2)-

K EAREBERAE R —AHEL, HEER 2~ (RERD BEERN x ~ y
(GeERL FEE AR ) MKAERE.

XERERNTATUHAENETAREL, BRIE x~ v BBREEN x ~ 7 WERE,
BERE KN AP R ER ged.
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EEHEME Ol shaYmiA EfmRERE HnRE

RN AER T, BATHE S HRZ AR R,

yo z ARG, BE#GH, BATKIEPT LR AP R H R

Z5ix et R, L p AR e D, R R TR, RATA JBERGHA
ERHA PR BRI E (R dfs B _EIRFEIN— B ZRENED 1) ged BIF,

ZTFRAUES, |AUGTERF

1 F IR O] LU A R A 61 B ER, TR G IR A AR 3R B 0 A R4 CRIFRATTEA A ged M 1 Y
FHE) FIBHE R B ER <n 11T

finA ged = 1 {948 a; IE RBA A FRBB AR LR — L AR (min(a;)-1)(max{a;}-
-1 CHFESBER), Bl AW, RAITLUHEIBEITHXRE Om®) 8 (ERR EULF 2 AN
ot (n-12-1HD,

7 HEEx

7.1 WEAWEE

R B, 4 — AN AR e & PR BISR — AN R A% AR T X AT C = diag(a), s, - ., Ag)s
U

A*=(Q'BO) = Q'B'Q
Horb i F A T TR B 2 S P T R R FR AR BEAT B R, R R TR f(x) = g aix's
FEFE A= ai-j) modne
A WFEESHERE W, = w)f.
n—1
o AW = Wediag{f(@?), f(wh), ..., flwi ), EER R A BT FIRMF T 1A| = H f(w))

=0

7.2 S E
SRR i R R CF J B B RS, b Al T UL T :

BIRE 2 (u0j699). 1RFE L n MR (1, m) BIBEHBUE, 15 ¢+ K 2 ag mams1r nm K
9, MARE mod 998244353,

o AR B O(min(m, nK) + lenlog nlog len) 1], 1 len = min(n, ).

BERINZEER N DP, SNHYL, RIBE—NEEM, = [i+K > jl. EXHE
tr(M™).

RIFHBN EIATET, «M™) =3 4.

h—Esif S, RO REMFESTRA F, W aM) = (155, Hd FR&rk F 8
.
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HMAEIE o1 FRIRIE EEHBETE ERE

HFFIE LA STH AKX RBIITE, F 0% 6oF — k T (815055 & Ti, (51308 0 5
BB ) BVAEREM kB ETRZA (E k=0, WA 1) Tl (-1,

AR BENAKR kN EFRZA, BME AL EEHK L MIE, X k4T kSRR
HISERERI1T 3R A0,

HOGRA R T = A8 R, FRERHBEEFRT G H N L WG+, )),G j-1)
&R 1 (EAFFHE).

ABAXAFEERATFIRE 180 0, 4 ESXANMER N T =AEERTHIRER 1.

HNTATLLERENE ERIA TR ERAES N 1214, BHR— K x K 5K, &
B MEMETREANE K M.

BRABMIRIRE — R R —1T 5, ZHFA BRI T 75, /S
— N TCREAEI B A B RS,

H LRSS kA (1, m) BAER a,,, > o, + K, BAESHIT, LB ZB08
B—IEAH.

Mo fEmn EF B,

AT A AT CF1580F%, H 7526 5 2 5140 RN FE B 4 e 3F W &2 B 7 .

8 ZME

ELLTERER, BRI ERMEER VI —HE v vy, ... v HFEFIE vy +cova+ - +
=t FRHB 1.

BRAELIRTEIRR P, RIATRGEE — A AR RRB T EZ ANER, N
BERATZIAN T R MR X — B g # .

AT, BARFREOEER E=/AF, RITE—TEONT, LR RETH
A EM TR RFTHR.

JEXENFENE R BRI TR NHETCCE, EE—AREMTENETE FEEXAERY
B UAREF L),

8.1 LeME

RBEERATLAKE M 7 IR T ARS8 A, B, PU7E R A 1 (28 ) —2H 2
A2 7 i A o ]

B, HhREBveAnB, TiEIKEUNGESE.

FBW, B BHEE Y, EEXMNSEE.

BE— 220, BRATVKECHE S S oy T LS IR A5 1%

BATERELIE 5

“hitps://codeforces.com/contest /1580 /problem/F
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BHEAE
(<>
R =

YERETE O TPAYREFE ERHBEEFE HRE

o A, B T EMAE USRI —HE M REIR cla; +orar + -+ + €ty + Cont by +
Cnpaby + - + Crimbm = 0.

mE AL 0 B FENME, WA BRMER, FFATRIEREE.

HME— 2 AMNRKER, E—EEBIILE, W —FUalkE v,

UrERsEILEE

A cpy 20, WHET v = cunb) + cunaba + -+ + Crymbie

Hvith B#7T, WETHILE, SMESITEENZE b.

XE, EH5Ban T ERMEELEEE:

BIRE 3 (u0j698). “A7E n ALK/ w; MIRET(], SMEREENET w, @ KMFE—AFE
F—IRAFERA E M ZE A R L (ANE2H).

W3k 2.
B AR, XRESAE w A ARRRNGHTE, FREAEXE,
T ARATIX w ALt (4R R I A — LB 0%, X TR A P
)72 24 3 1 0 (Y R S PE AT AR AR
CRERR AT L) (S wi + @w T

8.2 WIBREMER

T 2 e 0 2R B

18R 2 e i B8 70 K A BRI R) 4 B KRN BRI () 2R PR3, BRE TR viova .. v BRI
I B[] I A 28 2 W e

FER I — A e E AT AL R #

HARBRANEEF MRS —NE e R LM E— Mg E, RREATE
Z B T W Bt 1) #4510 S 8] K CART A 3 m B A R gt 2 (el .

JBRATL A B M 2 S v AR PR P i et TRD B v Pt 1) L o RV 99 3 v

v =0, MiBH, & HETL

o SN IR — O &S O AR — MR A — e b v B, A R LA AR — L B2
FTERIFAEBMAN, EA v, BIIARERRETRAUERTE.

AR YT EIGEAT — M E S ROETE, EEIRNZA0HATA K v B
FHERMTENZTE, BARERFEILEHEE R B, xR —FEil.

FERIBRMABEL=AX, TERIMEZEBAEIE, BRRRET (BRI HT
WIEARS, BT EMCEEATLIHMRE R, M EEAEI T R REEIFGE v HIRZ YO,

IR IR R P LR

HREBRMNRIENCE (BIFLHEPHN A TR THREEEERBHNTER) £
It e EX M AE TR ERERIME R

MR E—AFRRETEEERRITT -
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SECHIE O) PRI ErhBEPE EmE

BUHARTAOERETE, ERFXREE LM ENRETE v, BABNTE (R
B ) B v, BUSRIESRE MR B A —e,

G E v FIEETERARBER FELERY, NEXIE—, EETELKET
A, HTRAVELEDS T —NRYER, FFUUEE RO MR B 7T MR RE R

RETCMRFRBRACA ERERTEHE v BT TE x» BAX A L RTE v,
ERFREE v, WA xBEEy PR,

EHRIEZIE, SHEMR E=fA%, XA, W x ZAMOTERKRE v 2 405
TCEMLMEZE, NN LAE W x.

BRI REERIK Onm+m?), Kb n BETTEML, m BREMAN, WAERTLLER—
Mw, JUFRZE nom RNEHEFA.

—IiE £ LA LR U0J4533,

9 ZRMHIEETBIC)E

SHUMEA B RAS RS —RBEENRIE, EEEBSIRIHK, TUEEE
W EHET, AR, BOKUT RS DA 2Rt AR A B A (AR R A &
B EFD.

FRATT S R A 2 AL P A7 18 o) A1

EX 9.1 (LR8I R). 4 E —RERE A, B PHTEYPAREFHFZHIN,
REFREEH 2 /XHERE R B & MPTE TCE L.
BATE L v(A) i ik th R A%t 5

R T2 M 0L 2 1% U6 R A AR B B b i -

A (BB, S p B A 6 — A MR T AR A 6955 ), T4t A #iT5) 05
MAnm AL (HMNEHE nm ATt E£4K ).
AME—ANBREET, LREHEEH m o, L5 ARWBEEEMEP 5125k
ko9t 2 8 69 ki 69 B
& MNA:

2u(A) = rank { < AJ —-m
-AT T
ﬁ%ﬂﬁﬁﬁ}ﬁﬁ&MﬁA%ﬂﬁﬁﬁii%ﬁ%ﬁ%&#ﬁﬂﬁiﬁ&&%%ﬁ%
o, FHRFAREBIGAEA N, W

*https://uoj.ac/problem/453
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GBL ¥

EEPEHEUE O RIRLFS ERhBHGE HinE

2u(A) = rank Zx;(bf A ci)
Ed AR anb=ab —ba”
T SR A1 156 BA B B K e ) TEC B 1tk -

g1# 9.1.

s FRAEMNAEREK+T, b K 2444 EM, T ARARERE, A

K+T k5 F L ARSAELTT (RGRAEES—%, AU) 9TES HFK[S]F
TIU\S] #3EFH

HE: L oEnL)R
EEH K+ T K P RERAHREN:

Pf (K+T) =Y _sgn-Pf (K[I)Pf (TLU\I])
B IIERA R B R R R I, Hdsgn N1 8E -1, RERBRIA MBI
EEBARN0, WHELELADAWM AR, HHERFEE—D KIS] M TU\S] IEF R
B2, £ KSR TIU\S AR, BT T RRETER, NTHEENT+S, PIT#
AATREHEIE £, HUILIEEE.

]

Ao BT A B IFAR RN ERMET . §ARNERI T AR (HED, AR
FETFAANOMETHEBEMITIEENS.

M mcS, HFEX=8\m WHIIBEEE /S KTHEVER TIV] M KS\V] B33E
ar .

PRI A PR A W (1 5 B A kb, RATR I V R m\V #B R th— X — R B s B X HFAA) .«

R FE LfARa 08, FrLL(X] = m\V] 3FH m\V XBEH A REFIZIETR R
K[S\V] A &),

IR 2 AR AR AR MR R X (8 ) R AR A AR FT AR RIS R e R, TR 4k RE L
B BB RE AL T

EEERENIEN, FHEERLEHE AN LY CuREFERET).

o ik ARCA GENA:T N
% HE ) R T H i 49 B A P A AT R A B AR AR S
rank 9 @ = m+rank AT AT
AT T

gzt ¥, ¥ x S L TiE
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EMHETE O IR SRTHESESY ¥HE

MABNEREHEEH OSSR E.

BRBREENMERBINIERE S W, BRAKIE TR S EHLIESS, WAL
B REHES L&, X8 Wik WS,

FUEEATS T LUAFEIX R B AL T RAZ Wi, B aTas,

FRBRNGERKBREAREN b, c;, RIGRBERREREDL, TRERBIRAE.

BT b A FIBREZ RN 2, FIMER SMW AR RS,

SEERINEEHER O + mr?), Hr RERIN,

FANT 87— 1] -

BIRE 4 (K 3-T AU, SEEE R % B = TEIR, (it th e = FeIF A 7 JE g o
)t 7 BERR T 32 ORI =TT IR 2 SM AR

SR — B VAU AT 188 1) B A ARG 8

EE 3.

B3 R & 2 0 = SO MEB R — BB %, BaRERSHR—ERETEAN=T
HWikid.

2 E A R B AR, A B ) = Se MR B IR A AAE R —3t, i ok (9 B
AR RSO R AL A B B A R AR

M2t % GeiE IR 0 R & K.

seoh, SHEMEFBEBEEELMNA, RECBYEIHE, &0l aH T —L
BH, PLRELF.

10 ZRI

101 " XEHEKESE

RPN 2BLERRIEIRA 5 B0 A K0TS, SUE o eh v 2 % 204y J7 REAR
/ﬁéub

PRI SR AR TR SE R R RETR ™ SO AP (00 /R A KA RO AR, 0T L PR S a8
FEIBE B (K T AR AT AU

7R BB R AN\ ILRA DIT1, a7 AR 2 508 5 — ok I AR E R IERE, w3
RATFI R ARUE B+

P 4T A R SR IR i B TR 78
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SIEEIE O PRVRIFR EhEHhY HRE

10.2 SEZRBIIE
3375 T £ 107 R 45— T 1 A 2

BISE 5 (BZOJA181%). 45 n BN SERFRIEFF A, A xTAx =1, W[ x'x = Ix? FfR/ME.

A, SEREREERE A IEACARILT W = diag(dn A, ..., A AR A 9 A BISFIEE HONSE
¥.

A A=C"WC EH C'C=1.

M4 x'=CxH xTWx' = 1.

T C RIEREE, [X|=Ix.

0 min(X'?) = by o

T4 BAE A F R AT M R BRI, BIJEREAE 12

EEIER T, HABERIE - EENME X, EIEMR Xi = normalize(AX,)-

H.A normalize Fe B0 & AL,

MERZ WG AX = A Xy BX AET 0 M0 REVEE Anoro

2 EIER, B, BEET ARV, A X E£FTE VBRI L, B X =Y cvie

M X; = normlize(y_ Acivy) BAREBRE XTE Vi i # Apax LR ESTE Vo LR E
1 b L H B gl

HoH? Voo i A X LFRFAE 25 7] o

BIAERH, MR —HodS R, I BEHLEL Xo BHOURE] V) Vi, T EI B, JKHS AH R
IR 0.

T — N, FEEPEE e HEE -2, EESTHIER.

I B A9 & B SR AR PR 42 p(A) = /p(A2) GEBRETEERD, T A>=ATA &¥IE
SEM, FTUAIRA1K A% A9IE=2 BT RITT.

103 #%ERIE

SRR R RN R ER O, AR TRk R . JHER &
B{EEAL.

i E IR R RN Ax TR, BB ATx BMER, JH¥E AT o, IRIKFEE R
159 Ax fO6A.

FUy, BATATLLHEE “sRi” FEE (flin DFT M IDFT MXRR) %,

HTFEEEE B R E R, XEAENE.

*https://darkbzoj.tk/problem /4181
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SEEAE O PRI EXTEETE ¥RE

11 2&

AXFBTEREZHRA, HRBOREAERN, KRETHEENKERATESR
FERMERBCR S o, X R E R AIE S RAEE MR M LS THEE, & E3HK
BRI A LR E] — 38 I @R N BIBLF, 7ERBRBE S 2 4o th B 28 A M0
i, HER EESREHERNEA.

Bt

BRI ENZLREEINZMN TS, i P B b 22K 0 35 3 % 2 I8 T
HIRLATE S . BERATRIOK L, SHSE, 45 AR, il 5T RS A A
i

SE ik

[1] Kazuo Murota, Matrices and Matroids for Systems Analysis
[2] CHEUNG & LAU & LEUNG Algebraic Algorithms for Linear Matroid Parity Problems
(3] FiEEE. (2017). Bha5tEis A BRI . 1012017 dE E 5K E I\ id k.

[4] #TF. (2017). ZETERPEME —MAEITA. 1012017 o [ E 53O\ b .
[5] FRF*. (2020). ¥ BFEEAREAD. 1012020 b EE R RIS 0E.

(6] M. (2020). {58 2FERPATHIRAIMEAEFE. 1012020 4 E E 5 5%\ it k.
[7] Ef2i. (2019). RREER L MBEHLHE T, 1012019 H [ E K5 % e .
(8] ik, MHIBEHLLHR.

[9] JAMES GEELEN, SATORU IWATA, MATROID MATCHING VIA MIXED SKEW-
SYMMETRIC MATRICES

[10] JOSEPH P. S. KUNG, Bimatroids and Invariants
[11] R.B. Bapat, Konig’ s Theorem and Bimatroids

[12] X3, W
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kS Lyndon BiEHRMFITHRALHM wHRMERER - MEDY ARE

%K 5 Lyndon IBiL B X FFFEHEB)A

WEIMTKE S B F FIRE

"=

Lyndon & £ 53 $ 6% [ AT 5 P LA BAF A, fb 48T — e F I B P R R KB,
A Lyndon & 692 AR #9 K ah LA3 T dst TTAR B 6y — Mok st Ao ik, AT AR —
e X FHEHEL P,

1 5l8

EfEBEERT, Lyndon B R F AL HEN—HT, © B AT7E(E BRI i A
REARSHEE, {E3LSE Lyndon 5B AR 3% & DA R A B 5 W e3P R @ AR R . ASCEm 1
Lyndon & 2 A 4011, REMNAT B 776 B8 HIMH .

A0 2.3 WA T EAHRBBRTFA RIS E XA,

& 4 MR T Lyndon 7 e A AR .

55 5 AT Lyndon B LA KBS T 8 X 1) BB BIRLI o

% 6 /44 T % Lyndon i+ EORH & 5%

2 EXENE

AT S RSO B S, Tow, u, v FRORFERFH ):

LS| RRTHKE (BEHNTFHEE);

il S; #BAREME G el,IS]D NFRE:

O SILr BREEIIE r (1 <Lr < |SDMNTIERO TR, MY 1> P RFOREE;

it Pre(S,i) = S[1,i] TRk S WHCEER i G € [0,IS1) HIATER, i#|S| B FRONEATA;

B Suf(S.i)=SUS|—i+1,IS[1 #= S HHKER i ([0,1S]) KER, i#|S|HAREER-

KERENEFRATE, He Tor.

PR S AT T FAMEUEEE, AChBARA 2.

TGS S, T, TR ZRFHTHE, RS <T HEMNHSS £ 7 MENHE, RFE
13 Pre(S,i) = Pre(T,i) B. Si.1 < Tiwy (i < min(S 1, [T]))-

W FFHFE S, T, IBST ;S + T FRAHHES A T @/IHFRFH.

B S" (neZt) FTm n S IIKHHER M FTH.
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KRS Lyndon B HAMFRELAERHE ERMEREB_MBEE A=

3 EfhER

3.1 Border 5E&j

S S

MR pe (), ISR Viell,IS|-pl, Si=Si, MWHKpRS FAY, WEp LS| HE
FUFRIE BB, S 198 /NEE A minper(S).

MREH p € [0,1S) /2 Pre(S, p) = Suf(S,p), W p & S ) Border.

WSRFEM p # |S| 5L Border p # 0, MFELIEFEALMN.

Ba®IA:

SIE31 pASHEAMN < g=I|S|-p £ S 4 Border.

SIEE32 (SSAMEIE) p.g RS WAME p+g<|S|= ged(p,q) £ 5 /A,
UE R SR R |p - gl M, i TR, R4S,

SIE33 Fpg(p<q) #RS &) Border, 4 p £ Pre(S,q) # Border.

32 EBBUIREH

R 7 R FTH T RRUR R4 I E SN, RREN. NS, AxREE
PRV B . ) A

KRR S MFAIES R TR, BEH R ROBEREIEN SAD, BARK
R—AHEF], FEHFHEN TSAG).

i 1 2 3 4 ]

5; a b a b a

- SA(3) _ 5 3 1 4 2
o ISA(:‘) 3 5 2 4 1

SEPR L F =38 5 F L BT S A FiF SATE OIS | log IS ) BB IR S 2B M M IR A L, th g
O(S|) #ERFIE, XA MANE.

I R BRBALEATE R, E X HG) ZnHe %o 3R i A= 1 5 R0 Gk I 2 LT
(Longest Common Prefix, LCP) /&, @ REMX 6 G M RETEHDESH Y
LCP, iZXEEit EFTUATE 0(S|) MTLLEE 8K 0(1) BZ.
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#ikS Lyndon BibHXRMFHRAGHE ERTAREE_MEPE AR

4 Lyndon 4 f#
4.1 BEENSR

EX 4.1 (Lyndon B) EFHEw hTFEeE—ALE4%, M4 w2 Lyndon #.

EM 42 ({5l Lyndon 88) EF % w & Lyndon #, w ZAME, Biwhw (keZ') P 4H5A
4 Lyndon # .

T FEEFEAE w, WRBAIA EE 58 AE T Lyndon & wy, ..., wy BHERER, IF
Eowi > wia (1 <i<k), SIEXFHMR w=w, +... +wp A w i) Lyndon 538, &4 w; #H N
w [¥] Lyndon [ F-. 41111 abbabbaba = abb + abb + ab + a i & abbabbaba ('] Lyndon 4} #.

AN T2 G MM %, Lyndon 43 fif LR A BT RN, T DA BN 167 s iy )43 — LE.0h LK)
PEBR, WIS Lyndon 4 VELRR I A, 125 AT AS % 2021 SF4EIBA IR SC (Z75 SCHR (1D

BIFIB4.1 Fw=w +...+wy £ w Lyndon 5 /%, W w, £ wadi ) AEB4
Proof % w IBAINEBERA W = uwwip ... wi (1] < [wini])s TUARHE Lyndon FHENLAW 202

wicy = wis FFEL w HLEER wie w

53842 # u,v A Lyndon &, Lu<v, B uv A& Lyndon #,

Proof. M u <v v & Lyndon # & uv < v.
SHFvIIERY BY >vo>u, AT uIEER e B o >u u AR o BFIRTHE W u'v > uv.
i L v BOFE ] EG2R#0 K TF uv, BO wv & Lyndon B . o

f13) 7 4.2 A LABE| w §9 Lyndon MRFE (—FF4AEA Lyndon H 8B F7F, s
19 A FHA L u < v B Lyndon (A F u,v), &5 4.1 LI

EIR 4.1 ATFHE wbd Lyndon 24 A L E—,

Duval E35:0] L O(w]) K HH w (19 Lyndon 3. MATZEIEMAFRF, 45 Hafglgii—ik
FKAMRHIEAL Lyndon G4 w'w's 4 x = wyprs & P NIMAIFERR y, A Sx=yNHE
B S ATHIE 8L Lyndon B 24 x < y BB whw'y &2 Lyndon %, S HEEIEAHB w =
x>y BRI kA w, RIEM wy X— Bk 2R FHRILEL Lyndon B . B RILIETAE.
AR EEY LR (R S ETE RN ), TR [1].

Duval 5iEFE 5| SBA VA TR LM

343 Fw AL Lyndon &, U waSEEATH w A Lyndon #.
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&Qﬂ'lﬁ 3
@
cE

RIS Lyndon FLH XM FITHE &M EREMERER MBS A

42 mINEEE

KN BATRE A4 Lyndon 43 REAEAT B /NI -7 U (1 160 8L 1 i

EE—/NH5I R 4.1 FELEE w BB NEFERIAE — Lyndon BF, 4 @R
HEZ R — LG T, e w MBRKER, wiBRMEFZRES, BNEERELXLE R S
HILE AT IS, HEAHRNEN.

EX 43 (BDMEBE) MTFESwHIES W, wEAATHS AT TFEEw S EE W
A wu<w'u, UARw Rwti—MEHER (Significant Suffix), FIHH 2B @M AN ELHY
wHIR DB S AE, 84 SS(w).

Bow = wiwg .wit R w ) Lyndon ZMR8, oot w, BRI, F0A1%EEHIEL/ING Sk 2 4
PR

SIEB44 Filvunv AR wHBE, B v RAE wH HEE.,

Proof RAEREE| uvy <vy < wvy <uvy WA, uvy —ETR vy, uvy. vy BB/, O

S5I#45 FuveSSw), Elul<h, M uf v border, A 2lu| < e

Proof. HITE SUHI, fF7E y (68 uy < vy, WIETE y (683 vy <uy, FFLL uy B vy 0O HEER AT GEZE BT
lul RERREER, FTLL w i v BIROSE, #EWT u &2 v (9 border.

A 2ul > s MLV = Suf(u,20ul - W), « = Pre(u,|v] - lu)), FRv= wu'v, u=u'v, v #H
wHIER, HEIB44Mu  RAUGE, FE. o

546 AHBH—EH4 w .  wi,

Proof. 5| BRIEBEFRD AFHEARES .
A e VLA UG8 E W wiwill oWt (0 < x < ¢). B, WHEAME RGRT

WMuwiwipl owgy B uRw MEBE, BT u>w Bw TR u 8IS, FFESN v
Huv>wy, MFERGER Y TUS v=wiwi . wlv, FRIZMU ww? FF LGS — 2%
A UL wi FFL S SR
RIE, BATRA E B x BEN . Bt cir» Bu=w, v= wf"w:.':; owit, HFHE
A4 wiwll o = FREMER, TE. o
Fsi=wlowl BE-THHCKBINME: wTEEREENE s b, HA(LH
—PMERNARERKEESAFEEREEN 2 5, REXEH0HE N O(log [w)).
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®ikE Lyndon BIBH X7 P AR HRE EERMERESE-MWRPE ARE

42.1 SS(w) HIRE

M LT 407 A% B Lyndon 238 A0 1 SRR w 9 U4 646 H— 5T Lyndon
Sr AR LI 5] B

BIH4T s A5 OMENOEEEMA =2, £ sy A w it Duval HEHF—RRLRT
F 5% A RB AL Lyndon /& 4.

Proof. ¥4 Duval 53 f LLEFRN AT, 53 = wisan £ILL Lyndon &, A 514 B wy BYED
B, MR s; AT, H5|7 4.3 A 55, BRIEMA Lyndon H, MATLIGREEEE X' =2+1, LA
JHSHE AT UEBH 78 53 1

15 Duval BIETERREUH w; B RA LWREIRE, W si B AL w; BIRFRIALAN, BRA
EER 5 AT, TR0 EMEAIE. o

HE, RANFRLDEHT 4 ogw)) 5 SS(w) B9 3t w47 —IK Duval HIEGE
A, EEUFAN 5 (> A), A EAE BRI IX K TR s B R SS(w) FITTE,
X TEREREAT UL .

422 BEVARNESR

RN ERANQFEE: SEFFEwfv, R BBR/ME, ERu B wEH 10X
uy A Minsuf(w, v).

HMEOITRET u —FR 5. Z2—- 2 5= 501 +Yi (S = € FF2 x5 = i + 5001
AAT i = sia1 + 5

3l 48 Vie[dk-1], yi> 33

Proof BAVEAZEXPULERTM—A siq EHEREE 5000 > 501X o

M Sia1Vi = Wir Sia1 X2, = Sis1 i1 5i42)™ = (Sis2¥in)™ 502 (i152)™ = (Si2¥ia1)™ Siwz = W Siv2s
LR FE w, > w3, o

AR U wi > wits B wi=wh +w ((=0,1,2,..0, 3F wi TR w BIRTE, B2

ﬁﬁ Wi )% Lyndon Eﬁiﬂ w > Wisl Fﬁu W; >W?_:]9 ﬁiﬁ:ﬁﬂﬁiﬁa [m]
I3 49 Vie[dLk—1], xP > a0
Proof. x° zyi>x3,- o

DEZEEE siv A sy KA, BT 5 = swaxs FTLGER LLREERIT AL sy =

- e R L BB v = Xty .. xio v T 22 22 3604 S AN T ER B X'y v, X LSE
P FHEBE 2 Mo
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4 p

HIKE Lyndon BiLHRMFHRAEL E ERMEXFE_MBTE s

WA SIBE 4.9, x° RIS, KELRATATLL /408 A i B8 2 > v > x°,, BAsk
Minsuf(w,v) = spqve ZIREL 5y (BIZSHR) M 5y 40 BIRR 4 pmf iSRS, B
ik .

MIZBBRANTBATUE HEDN 5 (e [,k + 1]) BEER SSw) MTE.

ETR 4.2 BBLLies, SS(w) = {s4,..., seer), FFE:

ny v>ay
Minsuf(w,v) = ¢ s;v oy >u>al

423 EXBIE

BIEE4] #ExFH$ES, LSHRABH.

BFERRE RABRERNBDGE. BXRETHBN, FAEHDEES GRS
—MEERWATE, WARNFBEERMIN.

WA, REFHRER MK FEHF 2z, R Minsuf(S.2) AL R, MHT z
KFERHEAFRF, FrLh Minsuf(S, 2) = 5,2, FR#47 K Duval BIEEI o]k b 222, Bt fa] 5 2
FEHR 0(S]).

BlRd 4.2 JSO12019 SHIR#®) LR FHS S, KENME PreS, ) R A+, B S[i]+
S[1,j—=1]1(je[1,i]) #9 h.

BRIRZ A B A fiE ELIE S AR Minsuf(w, v) B0TE 3R, (SR KR T LLAFIZUGI H 4.6 (550: S
IR N RRATEE IS — R s, Ske1 Z—

FbA R ZAEP T4 Lyndon 202, BB AHLEEA s M MO ISR # T 09 A/NIET, AR4E
ISS(w)| = O(log |w)), HFHEIRER O(S|log|S)).

FL EAREFFELMME: 1T Duval BIEN 25 48TAT4 N wiw', 36 BB B — KR
F, HITML Lyndon fE 8 A whw', 4 u PHIEH Rl REEAR T RITFL (ELI2E 4.7),
FTEAR T B UL whw' FELRILL w g M B KX AR E . MBRREE, RITMBRE/N
FoRMEJE W NFEFF, FERZBFEE T wh'w —AMEHETR, TRECLREAZR
B AT, RATMIX AR ANZR L whw' TF Sk BB &R # PO O, 388 1 2470
AV uwv’ BB R, FIH Z ®BOTEL 0S| 5ERk.

A RBDERN)— 2P FRLES 6 WA RTIHE.
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HIRE Lyndon EiEH X171 A& H M EERMEREE_MEPF TNE

5 Lyndon #%B5 Runs
51 F¥FH &5 Runs

EXS)(ERRBE) wRFHES TAEAH, MRLHS R-AERSE,

EM 52 RAR) Hlw(keZ k22) i FHefhAhrhFs, Sk=20afAhA+F$,
B, SwRRAREH, MW HARBLARFTE, A k22 KT BRHERP.

EAVTHRRINNBERE R —DFRHBEOTH TR L KT THB LR,

EE-NMEMNEAHRp MFEFES, BTHNTEERi<IS|-p A S; =S, FTLUXNTAE
BHIi<|S|-2p+1 BE SUi+p-11=Sli+pi+2p—1], HEERGR S[i.i+2p- 1] BR—DFT
H, F, BESHi+2p- 11 FREFEFETH, XPRELGFEBEY p <p, XFH p 2
S HER, MWisS p &S BB RAMFE. T, Shi+2p- 11 RARETFHH.

53, BTRAEBBREN S(i,i + kp — 1] K)FHBRAEE k KT %

KBEREMN: —MEFEPOTFHTE (RS TH) SERNXFS EHKERT
B, Bk, RAOIOTULBEEEHESE S B—DTHRS ), BREE—IENMER p, Al
SIL A BEEKERN 2p T BHHEON— P .

EXS53(Runs) HFFHES, wRECH—ANATFESELLARDEASEp, B 2p<j-i+],
H S -'#S,'.,.p_| (f&.f=l), Slj+1'-reSj..—P+] (i}ZISI) (W&aﬁiﬁ-ﬁﬁpﬁﬁgﬁ%TEﬁﬂﬁ%).

MAMEA =G, p) WAE S 9—Arun, e, = f‘;“ B G 6 dK. § BFFA runs 89

£ # Runs(S).

SIFE 5.1 BRI FAA runs ry = (iy, j1, p) # ry = (i, jo, p) XK E DT po

Proof. i iy < iz, AR ji < joo BRENMOZHKESDT p, Wi <ji+1-p, FTE
7E (2, jo. p) T Sjis1 =S jr1-py X5 (i, ji, p) & run FJE. o

FR, A LGRIAE T 8 A un #1001 F R &K

3152 T Arunr=0jp) TAFH j—i+2-2pMEARFHZE, B S[,jl9HKAA
2p 9T % BIRENARRFFFEAER LLRUHHE——A run FH.

Proof 5|1 143 5 bR b TL7E AU THI 9047 b LB

SF—AEIHA p ATFE R S [u,u+2p— 1], FHEFNYRE, AR S o = Spp BUH
M sy B8 u—1, LIk, BRRNMAR T — AN p 8 run. fRFH Sw,u+2p-1]
(4 run A"ME—, FBAIXLE runs IR HAEE R p, HEMMZKEZR DR 2p, X531 5.1 F/E, &
i L ) e B AR OL 0

02EEEEEMTTREEREIILT 188



KRS Lyndon B H XM FFRM 4 E ERMBEREF BT ARE

KRG ERRAME, ©EFRINERAAR TS SOEMKA TR un 051, TR
BT RIFUEITE Runs(S) HISHIRRE.

5.2 Lyndon {R5 Runs EIE
TERX /T, BRITMEEESREH—%T Runs(S) H—4 EEdfl.

EIE 5.1 (Runs BIB) Cpn)F= o(n) B AATEREA n 49555 %89 runs HF % & 1 Fo runs 155
Felk K1E, & pn) <n, on) < 3n.

FATHEFIN Lyndon FAIF N T ARHTIER, X —iFBA%K AE 5% C#k [3].

<o Ml <) AEXFEFFET EHWRRHRNE BN FEERRAEE abBHa<b
b <y a. FEHATLGE LR R FRT, BICH <o M <o —BERF S <07 = T< S,
BRE S, T hRE—RH— ORI AR .

EX 54 (Lyndon#R) 2 F S 89— runr= (i, jp), WREFEF < ELTRKAApIT S
Slu.u+p—1]1 %4 Lyndon #, M# S[u,u+p-1] £ r %F < #5—/~ Lyndon .

1T Lyndon IRECBEN 1T 2 r BIE AR/, BTUMET—A run 9FT4 Lyndon 4% & K 1555
BN, TR RAS S (B p BN T, # r # Lyndon HLRAEAEN,
HI A Lyndon B2 M%),

N T 45 runs F1 Lyndon HHig 7 ()& BE R, e

EX 55 (Lyndon 84B) HFFHE S foic[LIS]], RLLH@=0,1) 7L < BLTFLES
% i 89K Lyndon F #6965 3%.5, H () %A S 4 Lyndon 242,

R EE Lyndon ¥4 5 Lyndon HRAEER. 45 =58, HP$ ZHFHL S <0a (Va) 1—/F
¥, &5 K Runs(S) = Runs(S), Fliiti8# Lyndon #4145 § & Lyndon %41.

SIES53 Vie[l,S[], £ L)% L) PBHE—A4% i,

Proof X Fie[L|S|], & j=min(x|x>i§;#5,), B8 &ELMXFEN j — L.

S« S EEEBE ), BT S; EAFLURAEE L) 2 j, XSk G <k < j) TR
#HH5E, —EAA Lyndon &, #1,G) =i.

W b, BARSH K <1 -1 BUFR Lyndon 8, FiLh L) > j> i o

SIES54 MHFSeEErunr=(i,j.p), &S ju1 < S je1p, I 43T H4£4T Lyndon S [u, u+p-1]
A L(u) =u+p-—1.
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#ikY Lyndon FitFEXIFEF B HEHE ERMEAFE WA TE AME

Proof 4% Duval S MR, RATCLMEILL whw' (k € N°) (IH AR Lyndon &, Hrp
w Row MdETRT. MR Sluvl w+p—1<v< j) HFHLX—HR, FLLENIAR Lyndon
B, B, WFv>j MTF S < Sjpr FTAS[u+p,v] < Slu,v—pl, B S[u,v] 2 <
¥ X F1Y Lyndon 5.

FT LA <, B LT LA w N i s B Lyndon H22 S[w,u+p—11. o

R run r = G, j, p) B9— Lyndon R S[w,u+p— 112 u > i, FLFHRHANE Lyndon 1R, %
iF r 8931 Lyndon fRAF7E.

31355 stFuell,ISI, SluloG)] F= Su, b)) 77T iA84E % EA run 49 & Lyndon 4k,

Proof. T23% §[u,lo(w)] £ ro = (i, jo, po) FIE Lyndon 1R, S[u,l;()] & ry = (iy, j1, p1) HIIT Lyndon
. BEW ) = u, L) > u. BAWE S [,w)] A Lyndon H 51 S, # 5. BFEFAH
Su =‘5-‘u—1 =‘§u+p1~l = §!’|{u} (ﬁ%@% r ’ﬁ] L) %ﬂ% I'UI]): %En O

B3 S5.6 HATAALF W runs ry = (i), ji1. p1) # r2 = (i, j2, p2) 8923 A Lyndon AR5 £35 5 K&
LR,

Proof B¥% ri.r, B35 Lyndon &5 SEAH I, BFFLE u 8 Slu,vi] F1.S [u,v2] 3R ri, 2
(] Lyndon A%, 3|3 5.4 " v, vy —EL low) B L) Z—, BH5H 5.5 &5 vy, v HEESHIEL
lo(e), L () FTLA vy =vas XGH ry=ry FHE. o

BT EE=%5#, Runs CHEAIEHCEMNZEH:

WS BRIEBEKERaMERS, 3 F runr = r,p), 10 B() T A Lyndon #8894 5
ARG, RNESELmMEMTARY r,nf B(r) N B =, [FEKHEZE X B(r) €12,3,...,15|h
A Bl

Z Bl <n—1

reRuns(S)

IR [B(r| 2 1, FTLA:

|Runs(S)|<n—-1<n

XIEREE S S —F%.
R, R r =G, j,p) OEARHERHEIT x K WAKE Lyndon REDE x- 14 GER
A i FF 360 Lyndon #2x #dEER), FTLLIB()| = le,— 1] > e, — 2, #:

Y, =< ) IBi<n-1

reRuns(5) reRuns(§)

X T |Runs(S)| < n—1, ATLA:
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HiK5 Lyndon BB H XM/ A LT EERMBAFEBE_WETY kS

er= Y (e,=2)+2|Runs(S)| <3n—3 < 3n

reRuns(S) reRuns(S )

IXEEIER TEHE 5.1,

5.3 Runs BK &
X BRUFMRERE AN n MERFE S B2 runs BIH .

53.1 NM#E—

MEERMY p. AEE—NEIANA p B run KEZE AR 2p.

SEXTAR N p IS BN E S, WAYA p 9 run —ELT T ED 2 ML
R TRENMEEG RSO BRA Li+ p, KW L = LCPS[i,n],S[i + p,nl), Ly =
LCS(S[1,i=11,8[1,i+p—1]), WMRIXFEN LI lii+p-1]11X— B FRSERSE, 50055
RFEA run B)—MEF . BRBIRE L +L 5 p AN, RL +L, > p BAGIRE T—
MEAM R p Brunr=(G—Lyi+p+Li—1,p)

RS S R [ S BE, RS S84 T LLSE I O(1) ZEHIAGA Ly, Loy T AR JRJAE 2% 12
O(n) + O(X L, %) = O(nlogn).

IXBELIEAE [NOI 2016] IR MR 4r — P43 T2 M9 & .

532 H#¥—

XEREAME T 5.2 PIERRTTRARRE runs B, SHEEE—FmE@E.

¥ runs [ Lyndon 1R —E 40 S[i, [,()], FFLART LA %R IH Lyndon %04, RA/SHMATH
Fean S, 1)) 7 B FFAGBEATH R, 18FUFTH 0 runs. 1T 3222 o] B 3 2 06T SR % Lyndon 241,
B4~ f5 S 9 :% < Lyndon R4

I8 — M MG HERTHiE Lyndon MRS #4ATEH B RIS Suf(S, i), RAVEP TS
) Lyndon 53##, DUFERIRATE I—NFFF ¢ = S5m0 BEEKMEE Suf(S, i+ 1) i Lyndon 45
fi.

CAER AL AE 6 Suf(S, i) IBEA Lyndon 7, M BTAEISHIKN Ly, .. Ly IS ¢
B, 56%18 cLy &G R Lyndon #, WRZNEENEH, HEE L L, LEE, EBES
FFEN L cLiLy.. Loy WPHREXASRINONARTH, FIRFIZHER Suf(S,i+ 1) (A5 Lyndon §14. A
SEFr L8 R TE WS A RS & F64548 Lyndon & R 72

R Lyndon 8AJE, SHiE—HKM, ROWEFETEMN SHLLG, RE SR
LCS(S[1,i= 11811, 1) - 1) FIE)JE R LCP(S[i, n], S{L,(), n]), REHTAHES, WBERERNTF
20 —i+ 1), MKET —4 run.

WR O(n) FH&IESMAL, MIZE RN R & ER 2 0¢).
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#ikS Lyndon B iEH XHFHF @ M S R M ERIMERER AP E ARE

54 BWEMEW

£/ runs R SERR RS, JLVFHREEET IS (HEEH) MEH.
B 5.2, RIOEESNEEF A BT LLA%E—K un Sl B2 ERHOE-E:
—MNFEFERLUESLERFHTEHE? ENPEEORARNFT?

3|#2 5.7 (Three Square Lemma) 4= % w2, v, w? RABR-FH #, AL W2 RV 4RTHE, vV R w? 8
AR, M wl > [ul + V]

Proof. VL \w| < lul + v, A8 2| > |wle

=Pt [w] = |v] < |v| Es) L W,'z = w%.)m = Viswl-iv» e w] = [v] & v MR-

1R 20u) < ], WIEET (w]=v) 52 u® 300, S twl=vl < |ul, §R406 55 5 30 51 BE43 ged(ul, [wl—[v])
B WERBMEIT W, 5w BEFEFHEFE, 82> M.

B el F1 pwl = [v] B v (R A, BB Juel + (wl — o) < [v] TARSE 55 39151 2212 ged(lul, Iw] — V) A&
v, MR« BN, BRERM, 5uXKIEFE, BTl jul+(wl—) > v B jul+w| > 2.

R TECLMsE FTHRMNE oanfBw=v+s, u=s5+5 v=u+s B
U= 5153, V= 515253, W= 5152535]¢

B Ju] + wl > 20v] BT ] = Jul < [w| = vl, WE] |5s] < |51

[ =] & [=a]
[ o =] & [ o e =
[ s o]l s n | » [#]» [ =« |

LB CkAZE 6] Ba T o v w TR, IR EES A 53 & sons RIATEL A
T |52l 5 5293 BUEARN, LB AT o5 B u= s BRI, T W - |ul =5 B2 s
R, I3RS BN god(sal, |ss]) 2 sass BRI, FIRS |sa| 2 u IR, Pre(u, s)) A %A@ M
ged(lszl,[s3)), BEBE ged(lsl, Iss]) & u BB

BT 5o & 50 BIRTSR, FTUA i) R w ORI, TEJH 558385 ELAZ 2 ged(|sil, Isa), |s3)) 72 u B9
W, HERAT ju RN, X5 e RKFOFE, 8868 RN . o

LS4l FHEwaIRBFFATEA Ologw) 4o
WL S42 FHEwWHARFFTTEH O(w logw) 4.

FEXTF runs IHE P E B~ runr = G, p) TATH j—i+2-2p MERTTTH, B
HER 5.4.2 RATRAE 5o s pekonsi G — i +2 — 29) H9 O(hwl log i) B3], HLBE ST LU KA 5
SF B MESH K.

FARBWLEREBME— un W, X Frunr = G 4ip), FIERD wix,x+kp-1]
icx<x+kp-1<j k=2) MB/NAMAp EMED r BHES. TURRHEHES
RIE AR BB AFET, BA—MEZEFE RN ErFRRraRERTET 2K
FHRARETER.
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3
w
]
b,

A
LV
-n?-\.‘ ;i

KIS Lyndon BEH KW EFLALHE ERMEREREZNRTE AkS

M w AT E A 7R3, A7 — AN B A kit

SIES58 FHEwHEARARRARFEFTFSEH O(w)).

Proof XBBIE—IK (BREHLM) HIAMERSAN i AR FHFE, BRE =X S
W VW, Y (ul < V] < wl, HR4E Three Square Lemma 7 |u| + |v| < |w]|, B 20| < wl, 5k
el u Rw MR, AMIEwW HE— witthE —KEH, 5 I REBE—RHIFIE, By

ZZHH NN S,

M 1B | B2 i F BRI AR T ) TR, R ERRY T Fis 55 R R A E
FHTEH, HBEABIL 2w, W o(w]) . o
55 HXGI:R

wﬁstmumo$ﬁ$)%Eﬁ&ﬁn%$ﬁ$r,ﬁq&ﬁm.$¢%ﬁﬁzaulsu
r<n), RTLAASZINARBETRASEFFE. (1<ng<2x105 [3=2)

BATESALE “ARAR " X%tk H SR BAR R F 7 5

ﬁ%%?ﬁﬂ%&:%%ﬁimﬁuﬂ.mﬁﬁ$—¢mmwu4m.&$%ﬁkew,m
%mnu+np4umrd+np4gﬂ%?%ﬁﬂ?ﬁ?$,#ﬁﬁ&ﬁﬁ$@m$ﬁ?
%Eﬂ#ﬁﬁ?%ﬂﬁﬁﬁ—w.&ﬁﬂ&hpmﬁw.ﬁﬁﬁ%ﬁ#%mu&w—nﬁ%—
AR 45 HABR ERFAES, KHNRBREIEEE T s L8 = 3 i imerunstr & T
#4E Runs EF, HHN On).

BRI AR AR 5 BA1RBUA 0 265 R RA, FrLEREs.
%rmmapanM+m—nﬁ<ﬁ%ﬁ“¢$ﬁ$mm%ﬁ&$ﬂ,ﬁﬂﬁﬁm—+ﬁﬁ
(i.j+2p-1), BUEN -1, ZHERKMNKSEEEE,

Fl=4 run PEIFT R RARTFEN b R —FRLR, Tixt FARGHEA run T &
mma.ﬁﬂ&&ﬂﬁ%mﬁﬁmm.m%ﬁﬁ?zma%&mﬂmmﬁ¢ﬁ$ﬁ¥ﬁ$$%.
BENT A HFERAMIMAN B, 55 RIS AN A O(T] log |T))-

BTRMEL—DMREB. B5, BERTETERRNYSBENGITE, X — 54K
VR, BN o(T log? |ITD.

BURE 5.2 (SRUIATEAL 2018 BRI BRKAAnOFRB S, SLBRISA—LF 85
HOMXS =5 +52+...+5;, BES, (ie[LA) HEARS, B #8im (ie[lLk-1], F%5
@ 7 E 8, 31998244353 Bk, (1<n<2x10%)

r—f+1’ 0l

ﬁﬁﬁﬁwﬂsﬁ%%smﬂm%mgﬁﬂﬁp.ﬁ%%&ﬂ&ﬁ%qmﬁ
2 S IRULA (<10, FESRATA S[1,n] HI%I4 BB 2 B2 AL
ﬁ#%km%ﬁﬁ$,%ﬂﬁ*&ﬂ?sgsm.M%EM%#ﬁa+mﬂﬁ%ﬁﬂﬂﬁ

AMRBE TR, TEENEFE S, RERBORM, BZHRNHA -5 FANHE T
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kS Lyndon EiEH R FRBES AR ERFERER B

% 48
WERTUEESSMY T 4 f(G) BoF Pre(S,i) IER, B4

@)= Y G = 1% (1Y
j=1

SEEEUGE c(i) # | BIRH ST RFESNIER, FURNERBENTEA =1, HT
— R AR ST R B R, S RS IR R TR B, M~ runr =G, p).
SRR SRS A A [ +2p- 1,19, FIURAXEMER f EFEIEE, XD
RIS RBEBRR 3 perunsisy U — i + 1 — 2p), TR EFHER 5.4.2 FH O(IS|log S )-

5.6 Lyndon &

A 1S C R KT 1 # Lyndon & w 7 AR A1 Lyndon B BIBEE w = u+ v, JLH
v w BN TR, FRX PR w FRHES R -

L, FATTAT BLER—A Lyndon B S M —#E = X4 G185 A3 —4 Lyndon T8, R
rE st S E 8, T w ARG ARIE A LT AR AR ED R w, v

XK YR A S 1 Lyndon # .

R § A& Lyndon H, AT LAIEEH FTH Lyndon BFHJ Lyndon B, JF{E—EHEH S §
ff] Lyndon &tk H—FERELIF kN E—MRADFFF, 82— Lyndon B, ZHLTH
B R AR AR (1) B R BB R K

5.6.1 Lyndon ¥A4uiE

2 e fin{a] 3k 4 45 %€ Lyndon #i § [ Lyndon #i .

% n=|S|, B S[2.n) ¥ Lyndon 2} ## S[2,n] =wi + ...+ wer WEBEIMS 1 +wi+...+wi i
BNEES (Blw +...+w MEBNGEE) 2w, FHIS 8 Lyndon B/ H, AR S1+wi+...+w
25 A LT S1+wi 4.+ wits ATJLTA wie T84 S 1) Lyndon B AL LL— 2K F2 i 6
¥ wy, ..., wi 9 Lyndon $& 5 EK.

Bk FABIERE, X S MEAT MG £ BT #5E Lyndon M1 5%, T —/MAR4ES Ml &
S[i + 1,n] BYF7H Lyndon BT, FIRT4ES 2481 /54 S[i + 1.n] 9 Lyndon K, FERTINFFF S,
A &4 R TR A — 2 Lyndon BT, FRA17E Lyndon #RAk b ix 2o FIRR MR A — R Z IR
BEREE, RS T S B9 Lyndon B FE .

5.6.2 —LeMEfR

JT F1E, RA1HE S & Lyndon A BT M BE (BHZREMNRRHFOIRTH L., IS
FERR—AN TR 12 A 0 SR e i TR 5 (3R ME AR K fE
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RIS Lyndon EWH XM FHEMEHE ERMERFEB_MERY AkE

SS9 MTFFHBS, UihsRsHgEk Lyndon ¥ # 3} & Lyndon #t ¥ ud i H £3% 56 %
*F#H.

Proof: 4% 5.6.1 FTA ) Lyndon M43 ik, %4 532 Lyndon M MMIEHE, AL

ENERRAEEITFIGEH S[, 151 M 8T Lyndon & . o
L 561 &5 49F B S[l,r] & Lyndon &, Lyndon # L [, ..., rfy LCA 8 FH 23558 L,

fRAE5I 72 5.9 A% Lyndon $14H 52 24 476 T Lyndon #h, FRHEIE Lyndon # 2 th AT LA
JE Lyndon #1454 .

BLAEARRAIMI 5.6.1 PO, 7EMAS FIF RATH B SRR Tin it Lyndon [A T
B BRARAFHHAE & F A TR Lyndon £ wy, T w ZIEHEE R wa + ...+ wy,
BTEFE R wi Flw, BEG 23, wy Flw, GESFIFHHEMTY wiwy A& Lyndon &, N wiw: < was T Fe
WIW2 .o W < W2, . Wi E;%ﬁ’i‘ﬁ%ﬁﬁi:tﬁ- ﬂ?j’ﬁlﬁ%: Wy Ej Wa ﬁ&é‘ﬁé’:ﬂﬁtéu Wy ﬁ%ﬁ‘ﬁﬁ
HHB BN,

RERNBAFE S 58, UNFEREHNA, ek —ax Lyndon #H) &k

B — R s, WEHERTHE =S, ... 1, ERIETMEUERT x, R ISA>) < ISA(x) 5
xS IR AR R T, B i AR,

RAFEBERRT DR, Tk EHPAORME ISA BAMAREE, RELARSS B4
REHR I AR E AT T AR,

SIS0 FHES P, ) ATRiALBEHZE Lyndon ¥ $ 5535, MZE jR2HRL
7> 10, ISA() < ISAG) 924k, M IG) = j—1; FEAME j RAHL, W IG) =S|
L 562 FiF$ S # Lyndon BT 54t ISA St aT BB IME——3t 5,

5.63 [X[a)sEEHAEf)

ZRA A~/ Lyndon MIORBRFF: XEEEHEHNE, DLEETHES, U0
75 ST ] (e W AR HAC I — 2, S SR R TS L AN/ 300

ERMRAMAELRE—F, BABHHTELTEHABIA, BEkE T—4 run, Y
ISR 2R — A5 (1, r] BRI ZEL (8 run.

RITERAHUTHE: 35 U< fl <, FRFRFH ST Lyndon B, 435K H#f 1=
BENL....[ETHHTFRILCA, RBERBMEEL LCA 4 T8N Lyndon R run, R #7E
MR TEE.

FHEUER] ER RN ER

@ m =181 FEERwnr=(jp) EENFRFFOEE m K Lyndon ], ERFEA
Lyndon #_LRI— 74, WHERA x. M 5.9 % x FHRRRFENEITF, Tl x BREM
BILT CERRTFERID.
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ik Lyndon BEH XMFRHPUENE ERMHAFE_MHETE TRE

PSR LCA (B y), B x R m ML, JFHARREK (ZELEET S(LA
H—RKED, FUER x k.

8y ATz, B8z #x BT 2 FTFHE Lyndon H, AL z PR A SR — K
F j (BNERAAERMA pdy TS ju1 <8 ji1-p G R M sERE L, LR - TRAREN
B p AEHRBE T —AEARE, 5z TR Lyndon HrE.

Ll fEz = x, tHEERFTR run f Lyndon #R24 LCA BIE L F-

6 Lyndon BHXMAEITH
6.1 Necklace SH|/IT‘R

VW61 HFEHBw, Me Suf(w i)+ Pre(w,lwl—1) G € [0,lw] = 1]) 8 $ #£H4 w iy — AT
AT, R FRARNOAA wHRDEAT, LA (W F W) =w, 0] #r w A& —A4~ necklace.

5 Lyndon B M & 32 EH AN HT A necklace (1 F11E Eske, BEARAIFEME &N
48 Lyndon & 55 necklace i) {fj — 24 LR

3|3 6.1 4/ Lyndon % 2 necklace: 4/ necklace T — A w(keZ) A, I
#+ w & Lyndon #.

Proof. {Ei1% w /2 Lyndon #, H w A~ necklace, MAELE i € [1,n—11 8 Suf(w, D)+ Pre(w, w|—i) <
w, X5 Suf(w,i)<w, 5w Lyndon BFE.

25 w & necklace, % p AHE/INEAN, NARKBRNRRIA pF (—Fhi/NFAFTEAH
AR B TEAE IR R OB FE e 2 u = Pre(w, p): BIE (w) = )™/, WL () = u, [p o
ANiell,p=11% Suf(u, i)+ Pre(u, p—1i) < u. FTLL Suf(u. i) < Pre(u,i), BAREE Suf(u,i) = Pre(u,i)
M Prequ, p—i) 4Suf(u p—i)s FTCA Suf(u,p—i)+ Pre(i) <u, FE, W Suf(u,i)< Preu,i), i
Suf(u,i) <u, FrLlu k& Lyndon &, o

#0 6.1.1 A/BH necklace & Lyndon $; A AR #4914 M3 &7+ 4 — 4> Lyndon .,

6.1.1 (w) BOSKE

ARG R 5 w RS necklace. FRAITATLAELEER w ] Lyndon 73 HEE
Fetn ut, Bk w & necklace, 75 w A% necklace.

% Fﬂé%ﬁ?:ﬁ (w), BATEINTFE®: 4 ww I Lyndon %ﬁ#&iﬁﬁ £ [1, vl PR SG—
A~ Lyndon B T AN x, M (w) = Suf(w,wl —x+ 1) + Pre(w, x . FRBATESGREwH
/N py & u = Pre(w, p), 3K uu [ Lyndon A fRRP ol 752 (us 'rﬁ]' ) = e (gksk, I
A A F S & B B O(w| log [Z]) B, REAREER). Bl
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S Lyndon BLH XM FR R AL A5 ERMEREFE_MEBTE AmE

SIE 6.2 FTIlE O(w)) 98I L B A £ (w), ABHE w 2% 2 necklace.

BT Duval BEERMATEIER, FTLAE L ERATATLIAIE w G T4 R T necklace.

6.1.2 BILX necklace B3R %

EXFIFEH w AT necklace (it M PL(w)) A: KEZTF w BFERFNFETF w S K
necklace. FH-F 75 f5 I K] i R oo 3 35 7 B 5 SE M BN F4F R w 1728 necklace (dgifl kb2,
Fir EAMELARAE B 8 e i@ aX 4 e

# w A5 A necklace, MIMHHLFM; T RMONR, FEEHEE R4 R EITH T3k i

3132 63 % w 7 & necklace, ) PL(w) — & # 4o Pre(w,i— 1) + P(w;) + 2" (i e [1,w]]), &
P RTFFEPHx MORKFH, 2 A TFHEPHZ LSS,

Proof. @ PLw)=w', 8w SwlILCPKEN -1, W Pre(w',t—1) = Pre(w,t 1) Hwl <we
2 W= Pre(w,t— 1)+ P(w) + 2", BR%>w, FitREF W £ necklace BIRTi%0H w' =w, 1
FRUEBE T 5] 2.

B W AR necklace, WFEFE i € [1,Iw] — 1] 68 Suf(w.i) + Pre(, vl - i) < w. 4
Wi 2 Wi X Wy £z (BAW, = Pw) W, = w| <w <w, PH—RIE), FLL Winl=itl # Z»
WER > W -1 BRr—1ATH W BLCPKE, W r>r BEEkEHRT Suf. i 5
Pre(w, i) B LCEL 22 HEE Wiy AW, (BERTEDSMEBS w HHRED. BF w B necklace, iXHEH
Wicr—l = Wiy, S W, < Wry BELE Pre(,i) < Suf(w,i), SEFIE. BiLh w & necklace, #ifi
‘B PL(w)- o

T, BANLZIBE —Fr O(wP) Bk 5 PLw): & %205 w £ %5 £ necklace, 2
PL(w) = w; SMMKKEE i = wl,..., 1, HET Pre(w,i— 1) + Pw)) + 2%~ R A& necklace, #:jt
MiZ & J PL(w).

S0, FIE S ROTUMRAH, R BIRNEEHE R necklace BB H —MEEER i-1
5 w B AT, RSl TEFRZ 2Rz, MR Pre(w,i— 1) A& —~1z{l Lyndon
B, WLAEERAEROETEHT TR necklace T t1E Pre(w,i—1) 2Ll Lyndon &, 311
ERHEN EFR/F P(w,), HELIEL Lyndon &, HEUSMA w-i 4z, BHLE s Lyndon
8, BEUCERMNATERLEYRZFR w| 9% %8 Duval EiEHF2, BRIMA Pov) JE 48T
ULfEL Lyndon 884 wfu’ (o 4 4 Lyndon 8, o REEETZ), MAETREBEER G W —i
Tz RAREG uhXH v BEMEHREZLOEL BIXAMEETKEN Iw| — i B9 AT S #0 2
z) BIA], HAETEEILAR L, WRLEBEN jul: TWMFREEICR K B IS, BAERR A
Lyndon §, BJ5EIA wl.

T PO B F AP A AR, RS NIRRT 2 (R P DA RS
BAFRHELWNEHFET, FFEEEIE P XA AR T G g 4b 78, FreliX BRI R £
—HIHERIA A B B £,
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(%1 b )
~CCE -

##k5 Lyndon BSHE XN TS A G AN HRIMHEFER_IMBEFE HHE

IR AR R F %t w T3 Duval SEERI W 5E08, LA

B3 6.4 TRAL O(w)) Bt i 2 & & A+ H PL(w).

6.2 Lyndon &it#HHELXFE

EARMEY R, BRI iR R RN I,

KT H AR B R4 0 () Lyndon 5, FATMATE LR T — WS w — (w), M FEAN
Lyndon &, EHREFRE n AN AFEE KR, FTLAR Lyndon & (I¥UR AT ¥ kAR R R U8R .

RATE e MBS A%, AIRAEARERIR BN . B Lin) RAKREA 1)
Lyndon 208, P(n) BARKEN n MARSHE. REHER6.1.1 K.

Lin) = :—IP(H]
BA VR KRE n B MR (S, AT 53— SR R o O NS, B

= =" Pd)
dln

o e g ) ST S i BB B L(n) M2 5

1 1
L(n) = ~P(n) = ~ Z“(E) x [Zf
dln

BERMNCZ mE A EKE ) n 69 Lyndon B3 5(E, EXRERMEEMGS R — &T
RINERIXAN R THAT R AOT R, B80T LA R ST IR T ) Lyndon & 114 .

6.3 Lyndon EHEA

X TR Ay, AT ERRR IR T BRI R BTN n MR w, K
4/ KN n 1] Lyndon B FHFENTET w, BHFICH Rank(w). BT 2 w Ay Lyndon HH
ST SEAER w AEA N n (1) Lyndon 3 rh 7l e4E4, BT LARKN Lyndon 344 i) 3.

ol th, HGTHEEEAEF, FEATIHE, UG BEMUHEEE L FHEE, BERSGS
S0 (4] [7] K.

6.3.1 BEEHEZE

1T Lyndon & & necklace, FFLARRAIATLAS w — PL(w), MIARMER, HEFEEIR
5E w J2 necklace.

iU 6.2 PEYTTIE, RATE L P(d), P'(d) (d | n) S BIFFRWER (' < w KR d NEES u
HIfEEARES « R, Baf:
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AN
A

v
1

Q‘E

I

o]

HIRYE Lyndon HibH Sep 2 & 4 4 BT ERIMECERE B Az

Rank(w) = %P'(n)

Px)= > Pd) (x|n)

d|x

= Rank(w) = %Z#(g) x P(d)
dln

P(d) FIYERR A, (BT LLxT HIE F Tkt R AT 4,
513 6.5 FwRKA ntYnecklace, uRKAdd|n)FHE, W' <w e u<Prew.d).

Proof. SeiEiHER . R u > Pre(w,d) W u BIBE—fIH w BIRTRIGIA, TSR wld > w, viid =
FHEGHELE . B u < Pre(w,d) 51 w4 < Pre(w,d)"¢, X [F w £ necklace, How AEEEE R
d I TBRAKT Pre(w,d), FTLL Pre(w,dy"d <w, BriL um/d < Wwe o

B Pd) B8 LATUBOR: KA d BBANRTRIF R NTET Pre(w,d) M7 208 .

6.3.2 BBz
BUAERY B AR AA R R — IR PR s B, A8 50 & BHLX — T B4 7588 .

EX 62 (ERAZMN) S FRAEHnIFH S w, LT H (A KMP &) £—48
Fn+ I MREGDFA, HREDHBEHO0,1,....n, 2EH 0. BREMFHEFH u, i
é)ﬂ:bli#éﬁﬂ'ﬁ#ﬁ-’&%%f%ﬁ%fu#&}é%-‘—iw%ﬁﬂﬁﬁﬂk&éﬂﬁ&, PRR Ko7 8 R
B AF Suf(u, iy = Pre(w, i).

PAE KMP SIER S # M4+ 9 T, BAOEKR RN BHEN: 2 fail, ®F
Pre(w, i) B8 < Border KB, MIRZAS i MIFRA x HERH.

I+1 (i < W] Awiyp =x)
Ir(f-x]= U’ (i=0.-'\w,—+|#:x)
tr( fail;, x) (i=w V{£0AwWy #x)

FERATA B RA necklace w () ILAS & ST, (£18E AE05 T8 518/ 7/
THF wiidh. Uz aTRIHE i Ea.

SIE 6.6 FwRKAHn#Ynecklace, u RKEREA nt9 &, 1 W<wIHHRY ©° P EA
—ARAwANTENFSE vELv<w,
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#ik5 Lyndon it H KM FRRASL FE BRIMEREE MR TE IRE

Proof SR wy=w & Iv=w, FroL R R () <w 5 v < w XFHEHL

BT ) B o™ TEBAFw, FUEREREHRI: 4 v= (8T, mA#ELE RBiEE
HF v A% w RIS, FTUL v BEAEM R AT wo 45 M < wl WEA v FF3K( u (SEIREE &N
BT w, T2 > wl i v <w &l w RATRER v FIRTE, &K Pre(v,n) <w- o

HE 631 3166 Py e TrAtkmut, APk RRTHT 280548,

o PEGREIRE: € u PEELENTET w T, B REPREN N REL
T AER YT DU vl < wl, FFR BB, vEBER TARES Rw) FIITHE:

BN 63 MFKH nbhnecklace w, & XA Hide Pre(w,i) +x (i <nx € LX< wirt) & Fow
AFMAGFFELESAH RW).

FRIMERIMG B HR L —/ DFA, HHIELEE Rw) FHR—ITTRATH e
B, B ) R R T RS v BEBOR A u B
BARS S S n=]w), X DFAGE n+ 1 MG, HSANO L. 0 BT

i+1 (i<nAwy =x)
tr(i, x) = {0 (i <nAwy <X)
n (i=nVv(i<nhAwy > X))

BANO0, BARBE T HERLASE RW) FES—ARERNTHENFHE X
DFA #i4 w H9IRSI EZhHL, FHEEEATREMRRANAEEE Rew) FLRERHTHE.
AR RA & EURICE B SRR 0L RATE SR ER R NS,

31367 itw AKEA n Y necklace, f(i,x) = g(i, x) 2 FI A K A A SHiA R A B LA H
A%, W g(i,x) #n = gli,x) = fli,x).

Proof #5 x =wii» WA f.x) =g, x)=i+1; i x > wist 1 gG,x) = 0, R A IEMILEXFY
BT fG,x B50.

B G0 = j+1 20 WHEHHx = wy, FFH Prew,)) R Pre(w,i) f] Border, tHE]
wil, jl=wli—j+1,il, XER x> wi = wi > wip 8wl j+1]>wli-j+1Li+1] BTl
wi_ o1 FFEAHIEHR R T w, X5 w £ necklace F /& . o

Wi 632 EFHBuswtRAAFHMEEBE R x2N, W x A uEERE wHIRE
BLAY R A KA.

7R F A TR DB R 50 S AL R T BRBIRRIN RBE A 8D FHREHEEFT
Row) PHITEENTH (I, WERE—KEHRE 0 HRIH—KEPRE n ZEIKIZBTH); 1
ETIRE n 2 3TRR EEHURIILE B HRAT A S ME, BTN FREHRELET R
P TEE u BT, FAKGIE 6.7 BIEYRAT LBATE v MRS — Aok —E RS n (R
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WS

¥

RS Lyndon BLH XM FIFHAE 1AM ERMARERE_MEPY HmE

PRt Fusw, BEBET o MBRE L2, BHARE i, I4HEE necklace [y i
B ) < wig < wiaas u=w BITRELD.

6.3.3 P(d) BYiHE

AT FHE, BRERETHER P(n), BI4AEKN n 1 necklace w, KA KEH n IFH
FUIHR () <we fEd #n BENTS w  PL(Pre(w,d)) BRI B REREL R A9 KA d 8915 1.

S — FOAEH MR Tt 4 RAVEHHR v 6875 w RS B EHL H 6 5
WA n 00w OB BORMERE(L, RETREEBIRE n o KR, B =" 2RI,

I3 6.8 T DK j, Pre(u™, j) Fo Pre(u™, j+ ul) £ w 4942 5] & AL AL B 65k K 4a @ .

Proof. #F u™ BZREHHER] n, WX TH K j #E Prew, j) BfsF n, HITE BTN,
B, 5 ESVAILE B AHLFN, RAVEE Prew™, j) BFINREBRR Prew™, j) 1

B w KIRTRAI B AICERKE, T Pre(u™, j + |ul) TUB R BE Pre(u™, j) BIIERTE N T4 u,

= RAKIXI GRS w LA RAREAE LW, FrUEBIIMRE R AR . o

FESEOEE o BEEBE 0 0 u. RATE LY j 750 AN Prews, Jlu) BB GRS
N u BREIEIRA . IRIESI B2 6.8 &0 v 7E IR S HEHHL_E AYUTHA 4 1) lul FJERAN), B4 $HAE
BT RM u FFEREH R — .

FTEL, i AL 2R AE I 1 55— ARAEAR S ¢ FOLL ¢ i At — A [ B E KN lul (3 C #4
R ZTCH (¢, C) ——RBL GERE C P& « BISTRARIS, B0 ¢« AU Bk 21 R C #AR1E,
HEZA 1 78 C EMALBEARE, BRI N AR 4D,

AT CASE 0™ i b 58 01X — XF R —— R RE: 1w 88 ¢, ©) fOit R SE R EI R o VTR
TRHRYS: MM, C) B8 o it ERE%B C B u i —NMEFRT, Bl 85 u s E.

KRB AFIHL LT i — i+ 1 BAFRNIEL, T i — 0 MIAFRRE, WMEA i <n-1
HESH —KIED, Mi<n BRORDHERH b (EFEREL wisl KEIEREE). 8
B CHEN, E—EdBETFI 2T 0 HIFHPR, B FHREDN0 51525 ... - a; — 0,
L a; FIEIDF 1 K Rid.

BB RN 1 = 0 WIIETE: HEEHE £ RREER i 193 C s, A2 BA B
B—NFHKAD, #E:

min(sn,f)

fo=1.  fi= ) bifi

=1

B F, B P BAIEY fib; t— A R S, W

1
= BF = I r—
F=1+ F Y

T BT AR A T B R ECRIBE O(m log m) HIRT IR E B BA £ (0 < m)-

CO2FEEFEMCRPEEREBILT 201



P

A/

43

£}

N

HikE Lyndon FRH KM F R HEAEHE EEMHEREE_IMBPE AHNE

{ERE r A2 R 0, AREEHER f, ENER. RATTLABEAE « TR, W 34T
FhEdE (FHRA0—-1 - ... —i—1-0, M ATUFETHFNO,IL,...,i-1), FEERE:

n

Ans:Zixb;xf,,_,-

i=1
85 P(n) = |EI" - Ans, FRUAREFTE f; (i < n) FRATLL O(m) iHHER, FRERINBET
O(nlogn) iH5 P(n) M55

634 BERSE

FEHOZANE T HERE R iHE Rank(w) fEIZRI 2.

B SR B LL & 7 SRS SR EA P(d), TSR P(d) Bt %6 O(d) SRl PL(Pre(w,d)), FFIH]
R EZLI IR, (B FFT MR EINE L ELE8 F = 1 + BF, RI{E O(dlogd) 1]
BRENTRT P@) BIHE, FCAEENBERENR:

O{Z dlogd) = O(cy(n) x logn) = O(n log2 n)
dln
A ASHZ EE T — R AT R, HlnEIE 633 R f = E?’:i';{”'”bjﬁ_p x
SR AN RGBS A, R B 5 R EBUE af LLAE O(nlognlogm) MIALZ8 BEWN S
Foerts Foomitse o os et M AT LB P(m). BULTETHEE P(m) I R necklace w 1947 R fr$i (BP
BEXEMIE z2) R nfl, WEREH Onlognlogm), XA LA KL BirrfFHKE
BT EN wBE S

6.4 HXHIFR

BI5E 6.1 (CTS2019 BE) L KEAnFREPw, KASZVKAAmSIFHFE bl u™ F
BAE—HA¥EHn LT wedFE. (1 <nm<2000)

W u BN FR RGN E N v, FAEIER: R u PEEKE S BT (BNTEH
T witTa, Wk u, ARGEEBKE N 7R g Hhz—.

HHBAICLSH R n=m B1EE: HEESwe PLw ), B3R Pm) 0], XE w TR
wHIRIIE (B A n BAT w BB &,

MFn<mMEK, REEw Bi—Ez@HEE hm, BEHn=mWHE XEFEA
) MTFETFHR w YEANLEKEN n AR D TETERM w .

T n > mMER, ROV HIZEE (1) < Pre(w, m) Tl (u) = Pre(w, m), Al & R F&HL Pre(w, m)
HMHn=m BT MEHEHTOENE W, FTULRT/ZFLEHRDRFHE RS EE
PLE B B w (IR, XEBA B,

Bt R A O((m + n) log(m + n)).
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BIRY Lyndon Bt A RAFHEMA 4 5@ EFRMEFEB_METE ARE

7 REE

A3 M Lyndon 43 ##, Runs SEEE, Lyndon & i8S AR M EER T Lyndon # f)EEH S
. FEEAERT RN SERR B R A8 BRI, HanASCABNEL Lyndon MR BB, 4
ALFHAR A H B/ DeBrujin FEFIH) Lyndon 538, L% Lyndon 8 5 /< ] 22 5120 4 0 2 2,
HERLGEBLLE L AT B3 Lyndon BibMA 2 &, A BAERMAES EMER, tEL
KT Lyndon B HIRF TN OI MU, 7F O Heeh 4 BUAE S 9 7.

8 Hus
© BT EENZLREEINLROTE.
s BEHERITERZEE A 2 &ML 556 .
o U S IAZRARK N BH R 18 BY.
o R BHRO S X,

S 3k
[1] MR, (Hi% Lyndon 4#8), 1012021 HI|BA it 4

[2] Tomasz Kociumaka (2016). Minimal Suffix and Rotation of a Substring in Optimal Time. arXiv:
1601.08051

[3] Hideo Bannai, Tomohiro I, Shunsuke Inenaga, Yuto Nakashima, Masayuki Takeda, Kazuya Tsuruta
(2015). The “Runs” Theorem. arXiv:1406.0263

[4] Tomasz Kociumaka, Jakub Radoszewski, Wojciech Rytter (2015). Efficient Ranking of Lyndon
Words and Decoding Lexicographically Minimal de Bruijn Sequence. arXiv:1510.02637

[5] zghtyarecrenj. 7%i% M\ Lyndon Words % Three Square Lemma, https://www.luogu.com.cn/blog/
zght/lyndon

[6] command block. Lyndon & Runs. https://www.luogu.com.cn/blog/command-block/lyndon-runs

[7] rqy. LOJ3123 [CTS2019] 4, https://rqy.moe/Solutions/loj3123/
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CAIEZMFAR) FERS MERERY BHER

(TZZMFFE) SRS

RS A E e SRR

w2

ALBIENBEAAL UOI AR AZA F & Hlay—i 552 A6 EAa
FHZ, HHNLE T EPEAEEHNBEHEMELS dsu on tree fe—de AL B e A b
B

1 #BH
1.1 —¥24%E

SHFEEKE R BT E S, 4

S FRS HFHiNFERF HPbl<isnm

ST, r] s S B IANFREE r DFRAHERI S

Iep(i, j) R Sli,n) 5 S[j,n] PR AILHTE;

les(i, j) i S[1,i] 5 S[1, jl REAILFR:

SR S[Li]=Sh-i+Lnl1<isn WIS ZS 4 border.
MT6E P, DY BHIES (P1=1 LAY PAE, [P1=021HE P HE.
LTk UL, AEMFRE S KERUA n.

1.2 BE#ER

WFE—A KN n 8, kmp BiESH i € [1,n] R next; Tax max(x | x < i,8; , =
Siceeri)e XA next BEREA i 17 next, VLG LL 0 ORRAGH, 5€ 3L 0 RIZREE
0. B— KR BIBRS, UR—ANEA W, m I E, FRGEH Lr, HES =S W =
(Wi Wiat, - w, ) B, next BHE X0, deps x wio FRHEN (0,1)

Uhttps://uoj.ac/contest/73
*https://ugj. ac/problem/T00
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a’ﬂ!ﬂ?
&
‘fs!’//
(FIEZMPHE) HEHE HEBBEPE S

1.3 HIESCE

TFEHF1 54): nm< 10%.

TAES 2 (1043): nom <105, r=n,w, = 1.

FAEH 3 (20 3): nym < 105, r = no

TEF 4 (105 nm < 105, FREEGAFHLE(0,1) DEEHLw, = 1.
FAEF S (1093): nom < 10°, FRFE M/ TR (0. 1) FREHL.
THEF6 (59): nm< 105w, = 1.

TAES 7 (2040): nom < 105,

FIEH 8 (2043): nom <2 % 105,

B 2 [Rl: 65, 1G.

14 BRo%H

H2ZIETIRME 80 2y, | LIETFIHME 554, 1 LixF45/8 40 4>, | ZiEFHR1E 35 4,
8 BIETFIRM 254r, | BEFHB 154, 11 LETFHRAS 4.

2 BAENR

2.1 B
ROER kmp HERE G MG ER, TR Ong), BB 5 5.

22 W3k
221 EEW

FAIHE AT B A EF R 05 R LR SRR RS SR, 4

fai TR A | ER ERAE.

len; TR T AL i (RBM B AR E,

Right; R i {URAT B LEMI P b o BUAL B IO 08 S (B h 50 B2,

11 RUER lep(i, J)= [enfraﬂpf“p-".)j"

SR A S EBIHLA G S T UL S B S0 (1] 0 [2)-
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AR

g@-'-'-‘--.

(TREMFHE FERE BEAZEDF DR

222 Wik?2

EAEETT OB r = now; = 1 IR

RATEEGHE next B EBA SIREZNEREN SHFRRAZA. EERFD
gk S R, RSN, EB next WM, #F S[Lx] 2 SILYIY 2 ©) §
border . W y ¥ HBLAE x BOFRIR, y tuiE—RERL T S[Lx) £E S[Ln) R HI— M HILE
Sly—x+0LyD), A1 A x BITR KA A8 S x] 7E S [, n] SIS SRS

AR B S[Ln] BEARISE S[Ln] PRGBS, ROINEEITRILEH AL,
W4 B REAFEM E py BB KIS 51 i 69 (len; — lens,,) X |Rightis

{6 LOT 447, WHAEZE O(nlogn), MEM 1570

23 H|&E3

BT DR AR RENL, w, = | HE DL

HR R 2, RATERE SI ) SRR S PRHINE, RES(LrE
Eakt EA R A x. 3T x RS LS Ry, BB KK len’ € [leng,, +1,leny]
IS LE L TR Right, B [Lr— len’ + 1] 943, TUMERIRBR & 3 AT Hil

B B >2logn +logl, AILLEMRERMIKA B HFEARPEENT 1 -c

Fikt 38 K FE7E [1, B) BB 1) hash 1, A% len’ BY, Ei]5 S[L1+ len’ - 1] hash {EAH[F]
09T 88 525 57 [ r — len’ + 1] PEIABLER T .

ST SRR AL S, T len’ IOTEEA O(log n), WU (IS4 H O(nlog n +qlog® n).
GaRE2, WMERS 255,

24 HiE4

AN AT CASR B BEATL A R O

REAS BT 3 P hash BOfiGE, MO len B, BWE S[LI1+ len’ — 1] hash [EARRIF
ERAC YR ASTE (L r — len” + 1] FHT T w; BIAL

FATE SN 4], AR AU x. MR N len’s WEE W Dy rtew+1) Witten-1[i €
Right.). RAUESL—A 1 € Right,, EFFRLER AL, ML LRI ST, 1+
len’ — 1] X RLIT A yo

HAT&E, Right, A1 Right, e ——% N #, BIE4 p € Right, X B4 g € Right, f£13
p+len —1=q, WERAVE y BITRFER Sicpaten—1. wili € Right] BIFT .

BA VI 5B R RS R

BRI 24 O(nlogn + glog®n). 4565k 2 HIBEY 35 77
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CAIRSRPHER) HERE BEAETE DR

25 Wks

XAFIERLARR R r = n BT

HEERHIE2, MTFSUK=S[LI+k- 1, B we BITTR. BARCITLRE w 8937
B S FAEE jo BAVEEHIIE S jutop 1 — S j-1 HITTHR .

_FE‘]'%J“E;]‘E Z;=.'+| Sj+:cpt-'-,f‘}—1 g

HIREERI, TR ERERE, B pr; TG FEFRNSBE FE—kFxA
HiE FAHBRIN AR xjp X len’, PAFIR len, .

T x BEILT son, B1FR, FREAERMREEM0AE, ERAEM —EMEN. K
AHTRMBIRF N S Wisien1(j > L, j € Rightyn, )

BAVEE— t € Righty,,, 5 S[t,t + leny,,, — 1] WIS SHENSESG Shr +
len,],S[t,t + len, + 1],.. ., Sl + leng,, — 1] EEFIRITR TEXNEE t € Right,,, K37
S[at+ leny] LERFREEF LI RIMIAT A v, FHEH T wp(p € Righty, p > [ + len,) BIT]

FTHER, BRNEER—NELOTENTERE TR LN Wisten=1 (j > )

1€R] dsu on tree*, LEEEMN EFITFROMAER, B —A S0 B4SHLS TR PTG
AT Witer 1 JREMAREREA. B THRRERAZEETH, Fi— A%
HEE B L BIREE LRI, SE A REHN Odog n).

Refa, BEE py B OEENMETHEOTTRR, (558 R X RS R TR 2

HIAE O((n+ g)log?n). 458 4 WIS 55 4.

26 BEEe6

EAEIEAT AR R w; = 1 BOTR..

AL S, BRATVRMEROKXF R X7, mindlepd, j), r - j + 1).

BEHS I RIAR A T CF1098F 5. Bk, 7EiX B IRA1R AT R T 5 BARC 1 s .

FELETLIL 3, MOE—A sl x LUK len’, i) Right, B [Lr — len’ + 1] BN, TR A4 53+
B (L r—len + 11 VLB [1,) A4 2

MF [, r—len + 1] KIER ST, B — K EEE, REETN rop, BLWEXLER L, RINEE
XRIAL2E len’ € [leny,,, + 1, len)]. B L= lens,,, + 1, EER— x STEMEEWLE len’ FIBHES
Bk 5, BAEEFE EAETFNA: (+L L), (x+L+1,L+1),..., (x+len, len’), M2 x5
PRI B X L6 P x; < rt 1y, < len) 0915 (x;, y) BRI B VE BB A S MR —
FUBL BRI ESABEME, B (6, y) B ZTEHRRIE (xy), (+ Ly + 1), ...

g, TR kL r+1 LRy, L lenjo B, H{r+l1-x< len; —y; B}, &
WHEBELA S0+ 2-x)x; < r+ 1], RZ, BHEEHY Yilleny —y; + Dly; < lenj] ¥ x;—y,

YRBE dsu on tree MR ATELS W25 S ) [3]
*hitps://codeforces. com/problemset/problem/1 098/F
2 H R [4]
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(IEZMPHR) SERE BEEZERSE DR

He AT FI R R R — /N RDIR B LU AT LA
T (1,0 M8, 7% x TR, FAR (L), (x,L+1),...,(x, len}) X5, H
TR VL X s i x; < Ly, < len) BOANER,  FIREAE AR LR DL S OR B .
HIE O((n + g)log?n), ZEEHE S HEBD 60 7).

29 Bk7

XANEIE T LR R n,m < 10° FITEL.

BUEEE S, @ w AR S, BERBRTEN X Smintept.psj-tn = S j-1e

FIREAEF dsu on tree, % pry SR B S EEEHIZEA x, M ARMNTBERWFH pr; FIARH
SIS EREMIZAE x LRI EHH B0 S, XX e llen’+j—1 = 71+ 3 jeqnllen)+ j=1 < r1S e jo1-

M EE FRRFEHE, o F x S0ER, 2 NMEREMTEE. B TEARE
DL B R BN O(nlog n), O(qlogn), HERAMERBER, HIE O(n + q)log’ n).

T Olog n) KA THH x 0 T ey S mingjetense, -1 [FIREMERISTEE S o BOXS RR I SRR
ITFREW. BBEE59 80 .

28 HEs

ERMAEE 7, BROVCEAER j GEENRE x B L, NFEEx THRA B
FHFBRA T ey Smintenetrs RAVREAR FRIER. XM T — DR, BIZER j
SEEMZAE LS.

FERBIBATTLERT B 5 jet S mintrjoten -1, jolen-1)» B3R JEERENRE TR, HE—
TE LB THN py FERRETR, B xRS SR 2R A DOR XA T R Tk, 31X
B len) H)3E LH len; FAME .

By <itlen)= 10, BIHE S mintristen—1y(i € [max( + 1,7 — len) + 1), 7], ALK
A B AR BUAH R o

B, ier—len)], HBIR ;S mingirten—1isteni-1)e

W T len! < len), RAVATESEILERN LZTHBFERE, JFERARCREAEHE
"o 3T len] > len) S FAXHR G BM K EEH.

HZ:E O((n+ ) log> n), MRS 100 7.

29 B&E9

EERMNF— I RENERIL T

Bk T PHEERAMART NS, XX, llen)+j > r+111j € (L, r]llen;, < len] LR X llen’+j <
P € (LrNS 1o jr o TRAVEHE (i len’) FEFEENA (x,y), BAREIZL x; € (), y; <

lenj, x;+y;<re
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(AIRENFHE) SEES BERERE BiER

PYHHEUTEMELR: x; <ay <bx+y <c Fc>a+b BRI —NER
', BUXNTFc<a+b FHUERUT I ANMESHEL: A = Jlx <ax;+y; <ch
B={jlyjsbxj+yi<chC={jlx;+y;<c) BALFEMETLUETA+B-CHEF. A
TRNMESHX R GEAREIR— R, RSk,

XMFHAMENER, BATLERRENTERGER, WEdEENEEE 7R, #
AT LU AR R O((n + g)log® n).

3 HERZNS5TARE

A RAE Simple KMP” 30 MUK )RR, MBI RIS — B 4IFTA T 8 R I next
PIERBER, (M LCT LRSS RAShHLRAT LA R, X T T8, B NZ kil
FANF ) nexr BEEEF, B+ AN R Z W [ — /N F 81 next HIREERIZMEES
B TF 5 CF1098F Ef. EHTFXANERE, EENR next I FERTIX — ] Bt AT 7 B4R
Mag, B8 T ZYCR—NFBEHER next FEE,

ESZRIX N, BHBR T dsu on tree b, EAEF T RIS S0 i) BAS B2 i A
P&, VUSRI T O((n + g)log’ n) Hfiik, BIELIE 7. M5 DMBELKE Y T ENRER
O((n + @) log” n) i, BRSLVE: 8.

[BIZEEH , WX 53R RAF, {84 5 809 hash B ATEM BEMLEI SR, X TR HER, &
RRBZAERAIETF, B r=n R w, = | BIZ02 0 AETAHI R B HE 19 50 32 .

Fohs XHH next WEMBIFIT HRBRERE, BTETEERMN dsu on tree 1 &
B, BREFREAETET RN, ERER O(n+q) Vi) HFEENE, TUSRSE YT
iR [5].

4 dsu on tree TEGEWN FRIR A

EAH A 3 AR, e33R L@ LR 8 E S UL dsu on tree BT iR pR U,
EH IR LS dsu on tree B TEEM N .

4.1 fBigs 18

4.1.1 RAB#R
LETHH S LURIERE K, S AELTFHETUENSBAERN K &.

"hitp://www.5 Inod com/Challenge/Problem him#problemld=1600
SR ERERE
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CAIEESMFHS) FERS BAREDSE SR

4.1.2 [BIRASTHY

X EA W s, TTULR LA i TRk 8 20N AT BRI A I K B B
NEBEEREIZEZR lep, ) = (- x (K =1). {£F dsu on tree , FEIRHIZFMHFAZN
j>ident = =) X (K= 1), B j— gl i< jo

3T B L TR, B dfs BTH, MEBINA j T (- Let) ) 8
R lameefE, 7€ i kb g B e,

%t F O(logn) B L TFHHIN, BHETFRP G,i+ Lams ] BIAKEITT

K-1

B 18 5 24 O(nlog’ n). SLERFAEERMMEE, BEACKAIK, SZEAHT®.

42 5I8% 2 Border BYPUFHK XS

42.1 BHBEmA
phoree g § DL Ts g WA, BIREW L, [ STLr] BIBRAF LISM IR border -

422 [BFRSH

FNBEESW r+ 1 - minlx | x e L r)lepLx) 2 r—x+ 1)

R AR 7, HERA TSR min(x | x € (,r], len,+ x=1 2 r}, HER len] < len].

RAVE x NRBR, HALE FRMEBEA len) +x— 1, BANVMES X MER 7 KME, ELRE
B E sk el LU BE R, ST Ologn) WEILFRIEH, FMUUEALER &I B H Right
EA BT X T py B CHERMBE TR, BRI T x EAER, BT len, < lca(pt., pt),
HOXANERMREEGEN, FRAAHERERTH. WEIELE O(n+m)log’n).

A OBk 8 R, KR 5 N min(x | x € (I, ], min(len’, len)) + x =1 2 r}s i
HE x+len,— 121 B x> r—len)+ 1 () x, 8ABZNEN min{x | x € [max(l + 1,7 - len] +
D,rlx+len), > r+ 1) ERERIET, % r WAEIREW, HATRETA x+len'x2r+1
M5, FAIEBESRNENMBERN T —PERME, BERE O(n+ gam)logn).

AFEFIF border WITERAT AR B —ANERBBEE, ZEAHHR.

335 hitps://www luogu.com cn/problem/P4482
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(AIESHFRHE MERE BAAEDE DR

43 {FigE 3 10

43.1 EB#R

BREFRES Mom, ZLARMA m OB, LERYFHEIEHERRE M E
At RFFENF I m HFERBEELEELA m OTFE5ETHM.

432 [EIEASHr

HEREENEAN i Rlcpl, ) +lesi+m—1,j+m-1)>m— 1 j BIAE

ERNEFEL-NEREN, BAEEREME, B lesi, J) = lenyagpy pry

ﬁ%dmoanMW%,%Mﬂ,%Mﬁﬂmﬁmﬁﬁﬁkmban—muwwgz
m = 1o A FIRXNERH, RATTLIRHERHAY, RER i HELHN rank, T4 EEE
mmW”EE:ﬁ.ﬂﬂ%@ﬂﬁﬁmﬁmﬂewmm,ﬁﬁﬁﬁﬂ—%;ﬁﬁﬂ@&ﬁi
MXEEATIXIEN 1 820, BGEW rank,, LEERTLLT .

ﬁ%omgm&%wmmﬁ.%ﬁ%ﬂ?%ﬁkmbm+hpm+nzm~m¢49ﬁ
HE TG I rankipe) K=5F, FHRERIRERE W TP rank;.,,., € L R) B4 3L,

(8] 2 O(n log® n).

5 BESERE

MAFRLL B GIREH AT LAE 2], dsu on tree {E4bFE lep AH ¢ A R RO Pl i, o0 B A,
RFAR I lep(, j) 15 EHE AT LIS AR len IXFER AL, BEHMOBIESHITYH
ST AR B RA TR E S K. TP Odogn) M FRZNE a8, AT Lu@st
fR] 5 () F B BT LASR B

BRI, dsu on tree TEIXKNE FEHMAFHREE, FABEMAZHES, &
AT AL R 2 KB T LA SR A AR R, TCRER— A </ BEERLEH,

EBH(E dsu on tree FEETRHPIXF I E LB T 84, HEHT 3 EFERERLE
JEBM ERINA, A BRI ENER, BERIEESRY du on tree BEZRIMNH,
F 51 S BT R R H

6 Eist
R R E 2 B

OsE. BRI
N EHWRATLLS L2 TH (6]
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BAEEDE DR

B B i EHL A28 TR .

R RE A Eh SRR, RERZIMSHERNET 5.

SR R EE, WEHEY, HEEAARLER.
it UOT 124E 8 Eh B & UL &1 UO) B H# R Bh.
BT OI B H 3 ahik A .

SE 3k
(1] BRI, BHEAZNL, 2012 FL45EE QLR

2] #K#, ERESHEIRA, 2015 FpEHERREA LR,
[3] Codeforces Blog, http://codeforces.com/blog/entry/44351.

[4] Codeforces Blog, https://codeforces.com/blog/entry/64331.

[5] Itst fY UOJ %%, https:/itst.blog.uoj.ac/blog/7514

[6] Wikipedia, The free encyclopedia, Suffix Array,
https://en.wikipedia.org/wiki/Suffix_array.
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Gga%bj W

i O Ry 2 B a)em IR RPEFE R

Zi% Ol PRIRINER R RiR) A

ALERPFE BRY X

i 2
ANXBESGENUBARET, W—EHRENBRRTEEHIZH T —EIHAEE,

1 51§

BRRRESYERD—ASENAE, SEGINNE, BHERE RS LNESK
XFEFRRAE. E—EREEPER R — N EB NS AR R BB REH, —i8
MZABERR. AXESTHCENBBROE, HEiEEEHE..

EE VD, EERRUT —REENBERISERBRA S T ETHRE.

TR ITH, EEMBES ZHEAN AT EFRIENBENERINES,

EE 4T, EEMNSHENEIL SIS T — e BB RN .

2 BERRER

2.1 EXEHE

MNFEG = (VE), BFB (u,v) EEE c(u.v) 5RM a(u,v) (XBERBHSHEYHEBE),
TXRTHEEBRBEANVBINE (1, v, c(u, v), alu, v)) TR EERIMAN—2 3 B35,

BX 2.1 (BERCRNEATTRAE). HFER s SCA 1, EXHMTEMEME:
min Z X,alu,v)
(v)eE

( Z Il'.u) _'( Z x:r.u) =0 (HeV-— {s,1})

(vi)EE (uv)eE
Xyp 2 c(u, v) ((u,v) € E)
Xy 20 ((u,v) € E)

(1)

BN 2.2 (A7), (1) XW—HTTHR,
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i O FRE I B i IE)EE L ERYRE Y X

BN 2.3 (A1TRBA). HFETRx EXEBRA costolx’) = ) xi,a(u,v)

(wvieE
B 2.4 (FTHAE). HFATRx EXELRE flows() = Y. K= D, %
(su)E (u,5)eE

2.2 RIFEML

RTHERR, XEFBFHCESRESEN. B, REDHER.
HF—HETH x>, EXEREME G = (V.E(xY))

B E(x) = ((u, v, v) € EV (v,u) € E)

EXMMRES A

{c‘(u, V) = Xy (u,v) e E
cu,v) =

X (v,u)e E

alu,v) (u,v)e E
a*(u,v) =

—a(v, u) (v,u)e E

X 2.5 (AT7#E18). ®F GG) W—HAITR », BITEX x* 108 x 3 x {9
W, BPRx T =x,+X .~ xf,"h((u, V) € E)

2R 2.1. }WF GWATE » 5 Go) WATHR 2, x»* T ¥ 86 N—4ArTRE

costg(x" T x°) = costg(X*) + costg(x°)

JEER. 8 x 12 NENXFAN(1) Bk o

2.3 HEIBR5HF

HTFRENE Gx) Hing P,
EMHBR capacity(P) = min{c'(u, v)|(u,v) € Plo

BN 2.6 (147°8). WFREFME G(x'), ¥is T BE BR—FM s T NEIRRBE,
HFBREFBLENES—FD w.v), B cu,v) >0

BN 2.7 (faiF). HFHREME G(), LFE— MR, WFHLS—FKiLwv, B
c*(u,v) > 0, BIF EIBREM < 0,

AR 1 Join s PO—AX R B X2, = [(u,v) € Ple, ¥ e AEE (0, capacity(P)]
PHYSRER.

313 2.2. #TF G(x*), LIRS BREOM R AT,
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U O P9I B B e BT AR i

IEBR. B2 O
XERINZFERUTE NSNS
max 0

d, <d, +a'(u, v)(c'(n, V) > 0)
dy=d;
(2)

G(x") B9/ N BRI TR R B A 7 B B R -

max — Z c*(u, vImax(0, p, — p, — a'(u, v))

{uv)eE(x*)
Pt = Ps
(3)

51 2.3. WFREME G(), (2 REBRYERYMTF=ARBRED—RT:
L FELK

2. 779E s B+ OBRAR/NT 0 BOHE - 88,

3. 775 ¢ Bl s BOBRFR/NF O BOSHS BB

WEBA. BAMER, WTFREMET UK NRISRIER Bellman — Ford BiEHE—E iR,

0O

EH2.1. —MERERS G RN BETTRSER T AR AR B Y B R
HERARIER 0.

WERR. HBMRA, TEREBRFESE:
Za518 2.3, HH(2) XETTR, RITNESE—ERs, BEBA(R)R.
A 4 >4
MTFEFRAE w,y), —EFATHRPRERNED—:
1.c*(u,v) = 0
2.4 <d +a'(u,v)
BP c* (u, vimax(0,d* - d; - a’(u, v)) = 0o LB (3) TAIRRA{E S 0.
Eﬁﬁﬁmﬂﬁﬁﬁﬁﬁﬁ,Eﬂﬁﬁﬂﬁﬁ%ﬁﬁﬂ@éﬂ,ﬁﬁmﬁgmhwﬂMﬂ
IR —EARER 0 88, FEISSE. o

Euza.ﬁﬁﬁwﬁsquEWﬁho,m&m@%&ﬁ%%amdfh
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i 01 FREY N ER ATiA)E AL ERPEPE B3

iERA. BigERENSRIBRRR costo(x’), FINGHP—ARABEN Mo
RIBRISHE: costo(xM) < costg(x*)s
B{HE—H G(x) FIRTITR:

, [max(O, M%) u.v) €E
‘x[l\ =

max(0, x, , — x:“u) (v,u)e E

HH Gx) WERILBR 0, FREL costoye(x’) = 0o
BREXM x 15, =M, REEIR 2.1., costg(x") = costg(x") + costg)(X') 2 costg(x o
5®&igFE, FALFIE,

|

2.4 SSP BiX

SSP 3% (Successive Shortest Path Algorithm) £ E &l Ol S & F AR R 2R B A IR
W,

ERZEEREE RSN AT RNAREFSHM A

1. EpERTF

2. BhE 5l s B ARG AVE B

B 2 FiR BN eI 3T,

BIEMEIT:

Algorithm 1 SECCESSIVE SHORTEST PATH ALGORITHM
1: x* 0
2: while G(x*) W= fiL#E <0 do
3 {#A Bellman-Ford B3&TE G(x*) Hi—% s B t ORGP
s S PMABAEN | BIMRAITTH x°
5: XrexTx
6
7

- end while
. return x'

2|32 2.4. SSP BiE TR A LM AR 3 s (A RMM %, BEEAREEN
COStG ey (X7) %ﬁﬁ’ﬁ‘%n
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A Ol hRR IS AR ia ATERPERE BRI

EBR. ERIMTRMEML

maxd, — d,

d, <d, +a(u, v)(c’(u, V) > 0)

BAVEIP—LB/E d, ERJADIER,

TMRIE B IR, RIS —A a7,

SRENRRNERE dEMANEENE LR ¢, ERENSK, fRHEETFing
PON—E & F1Til.

ENZRARRMANRTITE, WTFRITBRELOE ) B d,+a G, v) = d,, FEIN
NR# d; < d] - a'(u,v) HREFERN, DETZIRIE d RAR—ARIIE,

%?ME,ﬁm$ﬁF$mﬁ,E—Eﬁ&—ﬁﬁﬁtmﬂmﬁwﬁﬁﬁzmo

#%ﬁmﬂﬂﬁwmm=¢—¢+wmw,ﬁﬁ@ﬁﬁwmwszMﬂswﬁg—
R RBNBEB>d -d >d, —d, >0,

ZL, Z3BEIT, o

B 2.3. HTFHARMAORME G, SSP B EREBEEIRN G AL IEFHEE—ARM
A&

ER. ARIES IR 2.4, ZB0K B AEHR BIRITRE H 103E U S A0 BT T,

BB RIMINEY while ERETREFTHEBIT B LIR, Fit SSP B4 467575 RES
IBRE L,

REEE 2.1 MIEE 2.2, ZEERIINUTEERT BHMH7.

G, ZHEEERMEEIE, o

X TFIER S £, FHA1H costg(k) BTTBIATH k BIIR A ARANE,

EEZA.W?H%%ﬁﬁﬁﬂ%GW&ﬁ#ﬁ%ﬁk,%PEE%SESﬁmﬁk&
SEIB9RE x & costo(x) = costo(k)o

E%.%EMA%#ﬂwﬂwzkEﬁME,EME—¢E&E%}S,M@6&Ltw%
RERBRSEANSS. (CER BN BETTH,

Ntﬁ@ﬁﬁﬁﬁwﬁﬁ,%Eﬁﬂmﬁﬁﬁﬁﬁ,ﬁ%ﬁﬂﬂ%ﬁ?ﬁ%&ﬁmﬂ
ERIT k 1BIF, B,
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A% Ol FRAEIEE IR _ T ERERE R

3 FIE5ER

EEMBERANENSHEHE, NME— LR N S AR LIEREIER
REBE A,

3.1 1RPMEE

BN RN SR ERERE EH—FNERIICSNSEN, AERRELNE
HERD, FEMRFTaRE.

7ot F— LA BRE B LU SR R 4R FR I S OB S MR BUR AR NI T BR AT R

HLIMIE I BR AN A T LIS ROt R A RA A T B 4 i B ) BR R

BHREGFIFRIUSES 475,

311 FHXER

E—EEE S REERNEEE O BESRETENEESR, HITTUSHARXE
LU E S St

ffiRE 1. (AGC018C) Coins

BEAE: a0 A, £iMEAKMET, B HET, ¢ #8EH, BERADE=4A, A
HABR X, V. Zln=X+Y+2), BERAKE—AANSTHNRZA + EZHAANRTD
o+ EHEANET IR, X+Y+Z<10°,1<A,B,C <10°

A

2E.

B BISFTE AN EE—A, AEFEIEI . =4,

1. WS MABR—NE Py MHA (5, P, 1,A)

2. BENEETRF, F&REZ. =4, W8P AIMA (P, F2,1,-B), (P, F3,1,-C)

3. 08 (Fa, 1, Y, —0), (F3, 1, Z, —00), Toinamml il 53 BRI 3 N A

BAVERER S 5, Fy, Fa, 1, HENBERZER—ME

AN BEREM—TEBATS— M 2ES AR ARSI HEX RS NBERINE
FENSE R,

1H B 248 B Y METRED P R B B9 — FR IR AR B

BT RE BT SR RMIG RUIRIE:

1. SR RRENEI A B AR 5 B ¢ BORIEH, ARSI RN MAY R EEEER
BNa], EILLAE spfa 8%, A UNEHEREERE,
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(a) THIE

2. HITIE i1E, ﬁiﬁﬁﬁf’ﬁﬁﬁﬁﬁrﬁ]@mi&qﬂﬁﬁ%ﬂ’ﬂ%&Hfﬁﬁnﬂ,&%%wﬁfﬁ’é%iﬂ
BAPALURO— KW BKER 0(1), SRENBEIEDiHMG O(1) RIEBIMIBRFIHE N
21,

MREXBSNHAMAER, BB T— O(nlgn) E%, =

PIRE 2. (NOI2019) FF%

HEAE: AEIFAER 0k LB MER n 95 (0], (b

BREM T KER kBIFT (c)id) BP 1< <o<.<a<ml<d <d<..<
di < ne

E3R [C;,f‘z,m,ck] Nidi.d,...di) > L

BA1 Y a, +by

n<1081 < a;, b; < 10°

%
AJLARI—MIE i EOFMER
1. RREh#ESR
2.\ c 7Y, BN ERTR g
3. MNAFY, BIERER b
4. RIBEXAN c 1 d 55, BPHERFRMR o, + bjo
fgE—:
HNEBEEOMMERN MR (L <d <n), XEOMERI M EBRET .
BE: 1L.EBaNEP, MBS, PL1,0)
2. B=NRFy, Fa, Fy BRIRRER 2, 3, 40 WS4 i DA (S, P, Fay—ay), (S, P, F3,-by),
(8, PPy ~dp ~bs
3. 0038 (F>, Tk —d, —0),(F3, T,k —d, —0),(Fy,T,d, —c0),

2022FFEEFRRERFERREVIRLT 219



i
\‘f‘?é‘i:ﬂ/’f

1 Ol hRIRL 28 iR

T E PR 3

(b) mEIE

B HIRE 1. LERERF, SR s, Fy, F, Foot BT RIFAXRRIRN.

EXETHNEEBERE d, ERRENERETEES. HINEBMNEIAKE 4, 5
B t—k d— | WEREIRENEE « WEAARE, RITFIUE L KENEM LIESOEE,
BERAENA EYTFMT &S SSHRDmMTR), RAEERMHNNETR (X

B B AR FT LR 2P IF) 6

BEASXERMNEERE o) 8, FIURINBERNOET BFBHE 00) B, XHXK

MNRBERERTENRNT O(rign).
&=

BT EOFERIE TRES, RITTURE—SIRE, EHERENFERED LT
BRTFAFEMARE . ZMER. B ARBETHER, y AB=FER, 78

HIENRYSEANE R, B HEMEMR:

max z a;x; + by, + (a; + bz

I=i=n

x+z<l(1 <i<n)

vitz=1l(l<i<n)

ZZ;'E:L

1<izn

Z)C,'-FZ:':’(

l<izn

Z)’r’"’zi:k

l=izn

0<x,yz=l

AILLER B X :
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ik Of chpYiIN 2 A iFsIE) AT HFRPEPF BRI

min— Z a;x; + by; + (a; + b))z
1=i<n

Xi=Xi+z

j)l' =¥ + Zi

W= Z X;
1<i<n
l<i<n
i’,‘ = k

1<ign

2, 5=k

l<i<n

Osihj‘)i S I,OS xf!}'iaZi' -{- lsogwfk_L

EXESRUABERNEE,

2E:

LEFET i BRI R X, Y, M8 S, X, 1,0),(¥,.T,1,0),(X, ¥, 1,—a, — b))

2. BRFo, Fis WA (Fo, Fi k= L,0), SIFENiMA (X, Fo, 1, —a), (F,, Y., 1,—b)
ERMEBIEFH b HRNEA,

(c) mHIEA

EIR7SE, BATTTLUBL S, Fo, F), T fEAXES, BELXERSE 2 ENRZESEH %
E—T (FXA->EERR RTINS :

MS B Fy RE—MER, S->X-> Fy

MS B F RE—RER, S->X—>Y—> Fo

M Fo 2| F\ ERMER, Fo->F), Fo->X—> Y~ > Fio

022FEEFRANERFEEREBILYT 221

Ny



7N

I

&)
B
/x
V)
-4

@’

ik O VIR EE BifE T ERPRF BRI

MFIEHFOﬁﬁW%;RJ Fl—‘>F0; Fi—> YJ;‘-'>X"—>F[10
M FD %‘J T Eﬁ_#%;ﬂ; Fn_ > Xi_ > Yi_ = TU
M F] EIJ T Eﬁ—#%;ﬂ, Fl'_ = Y!_ >To

AMEIRENE], BaEHE O(nlgn). B
32 O
IR 3.1. WFAEAREEL, costgk) TERIUERA T LR,
JEER. Ea5IMR 2.4. 455 SSP Bix518. o
Rt F—Led i, FR18 MURIE OB R R 247 R,
ERHBM T M5E:
321 ToRE

FMEANESRBHRHT S, =9, wgs —5F.

fiRE 3. (WA 24 ) |&bitkR)—

HMEXE: —MEFTENXE, FiXFTEAH RED, BRETLRERASHL
i, MERA—RBEL X, BAA L, BEREH X, BAN A, BERERDOKNE po

RETS n KEIR/NEHE

Bx BE.

1. HFENE i BN R A M B, 103 (A, Bi, i, —), (B;, T, ,0)

2. %F i <n, DA (A, A, ,0)

3.¥%F i+1<n, MA(B,AL >, fo)

4.%3F i+0 <n, M (B, Ainy, o0 f1)

5.0 (S, Ay, 00, p), (A, T, 00,0)

BRNBATTRATREER, BT cost BOH, FAUTUER=2RE, AER
1Cro

AL 2B O(nlg(5. ) .

3.2.2 4HPITA

ER V- () PEAINEE W, Vi, BERREZERE—FA, BEXFEHRER
RNBATTR, WZLRESHP—N=E85R ) BAMOREXR (BZEIHERY
ATEE 3.1. MEF)
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HUETE— LSRR E R, FR{BT LI T 47 T B0 7 R S SRR R — e 38,
REGIFE2EE 4,

3.3 ZMHRIE

MEEHFASEE 29,
ERABENEBINESR, JLUIRNMEE— S E— AR NRE SRR, |

R 4. (2J012020) FE5I

BEAR: L—PMKEN n WIEABHFS] o, BRTEE—IKE (1], RSEE
GNF =FhRER A —Fh:

1. B TARMEX MR8 RS 88 1.

2. B FIRERMX B R B TR AT HMFTEHRERR 1.

3. TIHEX MK B2 B TR @80 E 55 1.

REVBFTIERL 0 IS IRMER,

&

A LG B LR AR

AR B A MB R AR R T B U U A— DS MRER, BgEy
BEXM [5] PEFREANNE, XEFEERA, =

331 REBEYFIRE

0T RN A AT T IS R B AR b o (R AP B3 AR A2 -
L FE—TFARBFES b, EENFERL wv)uveV-(s1), HEBHN o BB

BAh, - h,o
2.8 s M SRETSMNEDIN > 0 EEBHERH,
AHE RUTT LM :
max Z ( Z @ — Z Bi J.)h‘. o Z Z a; ;- Z Z F
i J i [ i
Z‘Iu‘j = Z)ﬁu.j i+ Z f:nu - Z f:m- — 0(” € V)
J i (vu)eE (uv)eE
@ < lnsr',j <1
ai’.jvﬁi,jv fu.\' >0
Y M 2E 3k 5]

TESITNESE AR ANE NG TIRG
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HFEP u HELESSIERE; £y <0

HL4= Z g — Zﬁ:‘.,;
i i

MRS A

min — Z th + Z max(E; ; + 1;, 0) + Z max(£;,; — ;, 0)
: - &

ly + Z Fow— Z fuy =0 eV)

(vu)eE (wv)EE

feir 20
LR {1E max:

min — Z Ijhi + Z sijt+ Z .'T‘E'J
i if N}

sij— i 2 Eij
§ij+t 2 Eij

I, + Z Fou— Z fiv=0ueV)

(vu)eE (uV)EE

ﬁd,w Si‘ja Si,j = 0

SRS HATE AN R XS

max Z T,.J'E;'_J' + F’,‘JE;'J'

iJ

?'j‘j' S]

<1

—Z}‘,'_j‘i' Z?’;,j'ft’f,' = —hi
if if

e,—e, > 0((u,v) € E)

7

rpfijz0
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L u=—o, BRE—T:

min — Z 1 Ei ;=7 E

i

Ugr,"js l

O0<#;<1
Z f'i._,f - Z Vij=aj— h;
if ij

Zy 2 z,((u,v) € E)
RIEAXMZEINSGZE, HFESNi, Y Z Fij— Z rij AR EHEMISE— N REIBENRT
i J
EBHR, @XPEREN G. BAKE ZFHEERR:

min Z Gi(zi— h)
Zu < 2((u,v) € E)

BI R T — PN EMRFFE]I MR,

ZRFEARNE O] IR AEE = 58075 R ME, SERRMTE:

518 3.1. G B—1 0 SRS/ MEMOES

5IE3.2. EHFEEEBMK, G, 1EKE (1 + 1) DYH—RF L,
HERENRBNENRSIESSE,

SIR3.3. XTEBRE U, BE ) Gk - h) B/ k WEVE—ER—ER KA,

iel/
UEER. HA5|3E 3.2, 518, o
EX 3.1. 218 {a,b)(a < b) BVEE: 6 : BOOTEAT b WER b, )\Fa IR a
EN 3.2, £8 U NHERE: #E D Gilk — h) BN k SUERER 1)
iel/

RIE3.2. ¥Fa<b, B¢ (ab), B ARBRBMNRS 25 € (a,b) FHN—ARS
#, W—EFE—HSRE  EEHA (o, b) REBH
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SRR, RIEE, FOHEREEMNRNER BHz <aB S =b
1% x = (2 <@,z =b),U = lilg} = %2 =blo

% 1> a, ¥ Uz BB min(l, b) GR%.

Ei<arx>b, BUDZHERbBETFH

£l<ar<a, BUHRZ KR aFS5.

B Ign FLb:
B U=z <a =b), SEHM a F%,
TR y = max(zl, < x.25 = b, U’ = (il =y,z' = b, BIIERER (.7
Er<x B fieUul)HHlaRE.

B> x, W& G e U) B x 5o
B8 FRTIRENEREIFE,

FISMHETREM (4] FEARFANICR, XERBRR.

4 FREEEG

A R — R A E B — AT AR AIF A B RS R A S IR,

XERNTEEIE 3 BN EARBERERNET RS AR QBN TRRE
RiR) e

BT HEERNE, ATRITEERA “BREF" KRB, HFV-(s1), &S HH
HRIMA—BER, 5% T UNIRNAA—NE. SIEBRNRBIEERN BTN
DB, TEAE. TRERE HIINEE). RONESBERETER, 812
BEA—TE, SMIRERNSETEEIRANTE, RIMEERN,

ETERHIRE, RITESANERHK,. ANHENE LTIBE=ERMN, A 6Mn
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4.1.1 EX5HFE
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n TR, BiTRAE I+ 1 NTRE—FB@ED. ST SERS)SEEETRN,
%mﬁﬂﬁﬁﬁﬂu%mﬁ%ﬁ%ﬁﬁﬁ%kﬁﬁ%ﬁ%ﬁ%ﬂ%ﬁﬁﬁr,ﬁuﬁ
MXBRGIAAEBIHOERN, 5 EADNIYH 0,

(d) wHIE

4.1.2 g

fURE 5. BlsRES
HEXR: 2A%, BLOFEN o, SHERRE—R, S FREH—RERH,

%

naE—:

TRWE R, BERNEPSERFTONTE,

RIEBITFMAE RN,

TIRMMNLGF LR 8, RMXBATERHINAF. £4 SSP 8L, BL
NELRARNERN TELAMBRIRMEALUTENE, ALSYRNTIMT —MNR cE
B, BB EXPERABMAN—IENA —x 108, HFFROARE,

BRILARXREEERR R AR £ AR,

%EMA%&W%R,ﬁﬁﬁﬂ?:ﬁT%&ﬂEﬁfﬁ%E,ﬁ—¢%ﬂﬁﬂﬁﬁj
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ik O FRRYBUNES ARSI R TSR IR X

RBARIIDEBAHLEN LR ETANRKEHRS/IVERNT, NRAHF <0 wEr
X &R,
HFHE-180E, BITMNEREXNE, ROREXIER, ARHRBOELSTRF
AR HEEXEN—XEXE R
SEFEN O(nlgn)
ZEER A AT A E RS ISR T E R0,
) 5%
EBHEIPIT.
REHRT SRS WNELBEMAEZ B
£UNMBHIE i NS, ZREPFSEANAESTEBSRDERBNXR.
B RIA S e HKI A7
fli, ) BRMNTH i MERTE, BRORERN j RN, EZRME—HEm
, BREVA f(m,0)
B HEMANZRERER .
L FIABRER— NI x WER.
BHEBERE:

%

fi-1,00 j=0

EEMFEN j( > 0) B3P (. ) = fG. ) — fG. j- 1), HERBRT j RIAEH.
MAZEINEBSREENT:

ﬂhﬁz{mmqﬁ—hj—U+xJﬁ—lJD ji>0

fi-1,j=-D+x  j>0Ax<gi-1,))

fli, )= fi-=1,) j>0Ax=gi=1,7
fa-1,7 ji=0
Bp:
fG,0) = f(i-1,0)
gli-1,j-1) j>1Aax<gli-1,j-1)
gli, )= x (j=1lvgli-1,j-D<gx)Ax<gli-1,j)
gi=1,7) x> gli—1,))

¥ FAE o() BAE (i — 1) BOERE EIOAN x BHIF.
2. A= 7 x 897
BEEBHRE:

fG, ) =min(fii—1,j) fi=1,j+1)+x)
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Bp:

) fi-1,0 —x<g(i—-1,j+1)
f(f,1)={ )
fli-1Lj+ 1D +x -xzgli—-1j+1)
BF g1, 1) BRNK, FIUBRNSEETHE x5 g - 1, 1) A
casel: -x<g(i-1,1)
M £G) = fGi-1)
case2: -x>g(i-1,1)

fG,0) = fi-1,00+x+g(i—-1,1)

gli—1,j+1 -x>g(i-1,j+1)
gl j)= -x  gli-1,)<-x<gli-1,j+1)
gli-1,) -x<gli—1,))

MZ BRI, g6 - 1) B () MY FHIR g - 1,1) BIEA —x AEHRE.

%r,ﬁmR%Eﬁ—fﬁ%%ﬂﬁ#ﬁA\Eﬁ%m@\m%%$ﬁoWQMWu%
—MEGIP, SHE—BZERER,

NZE i S —FRIENG )5 %

%Eﬁmfﬁﬁﬁﬁmﬁ¢ﬁmﬂﬁﬁ,Fi—?ﬁﬁﬂﬁ,ﬁﬁ%%%ﬂﬁﬁ—%ﬁ
&, BRRNERBAE. BRNARRER. RIESSPENENERERE.

EEEMNFTNRE, R EENERRTEEH \STENHE, [EERYE— R AT
w%ﬁﬁk,EEﬁéﬁﬁﬁﬁﬁiwmiﬁﬁﬁw$ﬁ§%%WEﬁE%ﬁ@ﬁEﬁﬁ
PIEE LB S E AR S BB,

BARNRIARBRICRAERIEERE LS P ERHRNEET., HFEEBRE, IN—
¢%Eﬁ§?ﬁﬁ%ﬁrm—+%ﬁ;mA—ﬁﬁwWEﬁma%%Fiﬁfﬁ,%EEZ
ﬁw—ﬁ%ﬁ,ﬁﬂﬂﬁ%ﬁ&ﬁmsmm%ﬁ%MHWﬂ,mﬁﬂﬁﬁmﬁM%%ﬁ%E
ﬂﬂ.ﬁﬁﬁm%ﬁo%ﬁ—?ﬁ%&ﬁ—?ﬁﬁ%%&#%A\ﬁ%$ﬁ\m%%mﬁ,
BRFRATRT U — 1 R4 4P,

R 6. B mss
MEXEK: 2@, HLIREN «, SHERRE—R, S AREH—QER, =

SRIMLA T4k
LERENTEN—MES, BPaLtE—SERR— 285 1 0, REBEEX
RFBITI R
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2. ERENEEN— TS, BERLE—RERS—IFRN 1000, REBERN
RIEITI R
BIERECH 0(n) B3, BEIEL, SRBFEHHUIMRESTHRIER.

Bx

B¥ TR N RIS E, RINEREP—MERENEEFRE,

BFERMAEN, BORGREEMANER, EAAMNNER—ETLUENGES
HE—R, EEEMANER—EFMENGTENE, FrlhERs L RENERER
EEEN, BRIABBEL4N YIRS FRENS LSO ZRAAEE, AILERERT
R, HRIRRERENE ENERE.

EZ2E 0(nlgn

HIEE 7. A58
BEAE: BAa%, BEIEERN o, SHERRE—R, SMAREE#H—RER. ¢
iR, SxEEREE—1XKIE [ ) hiy SAT Y B/ BRI TTAE.

iRk

ErRatEsE, HFASERIE (LR PHEE, RITIREM = (28], RI1EE
i R=2:

li<M<r

2r<M

31> M,

BIIRNIE 2. IFRIER, SARBERE— T RNEEREER.

ETRENQTIEE—MER, ERE—ANAE%R, BRI UATHALKBSD
(L, M] BB BER (M + 1, R] RS BTREEIF X A F M4, RN LGS MR
¥, REEEPEBFLORE.

BB EHHEXEDNARXFREBBOKE, FFURNTU=DREABEML
BB B IaR M (B,

BINELBEA. TE5/ME. BigSME. EFL/IVE. FifE kZBFD, BILARR
CIEE /KR 558

REIEZER 0(n + ¢ lg’n), TEEFREN O(nlgn)

AN RERREENREAENTEE REERNRE, WDRERITIEEXE
o

AFa U B E, BEFI LSRR RERNT.
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fiRE 8. A5 HEA
k RERBANR/EN.

%

fgiE—:

SIRARMRE, BT ARSI BN SN TF WM RNR, Fir LAR] LR M
INERE G W H, BHREE Onlgn) BRE.

BRMNENEL FTUSREOHEZRTITHNEGSHNEER, XERER T M SR S 4%
FIRE, BILAHEERR. EFE 0namn).

| /3% S

Z8 wqs O REAGHIPITE.

BERBEREN 0nignlgXv))

IR 5 URRE, BERTMNFBEER Me(i-1, 1) ANER, BiEEs
REBENBBHREAEONERRERR, AT BHEEDEEE

ARRANERASENALUERZHINEA), ALFEE wgs =9, BLE 00an)

hik:

LERRESRIER, ZEEZFIEHCNRESE, XBEREF.

fEE 9. (NOI2017) #EE

BEHAR: BEXETXR, SARSREEn BONE, B2 05BE, 2 06004
IR ap,sicx, RAESBUBRRNEN o, $—RE—BIAXMBEZTINGE 5, AN,
IERIERA ¢.) BFE x, PUNERLR (SRUTHRNEORE, WFFEdxx < s
d, B x RURRES d RERHER, B @d- Dxx <, <dxx, W ¢, —(d- 1) x x; BB{iL
BiRTESE d RERNER).,
q RRiA], B jRGEMNRIEH p, KERBZEMS D,
m < 10,n,q9,p; < 10°

Bk

AILIEIRE i MRE—RRAEE (9 RER, BRNA 5+, HEETFRZNANY
A a

|7

RNBENERBHE—KE— 5 B, i (B, Bi.y, «.0), REH p,; KNNiA (S, B, m,0),
BN TFSRELMMAEE T iEin.

"MEEBE R (8] PRIFIE
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BT m < 10, BATTLIHEXRER T AR RRE m /089, RERANMZALRNER
IMENE], BANRERRILULFNAGASREIRT, FIUAREEEAR.

E24E O(nmlgn)

5% S

el n) Bt Rt — .

Eﬁﬁﬁ%ﬁﬁ%—?ﬁ%,ﬁﬂﬁmaﬁﬁﬁﬁﬁmaﬁn@hy%%,ﬁiﬁﬁﬁ
mﬁ”ﬂuﬁwﬁ“ﬁiﬁﬁimﬁﬁ,%#iﬁfmﬁ$%ﬁﬁmxmﬁkﬁﬁiﬁm
REITRT MEBRE, BERERHESRMARIRL

B ZE O(n(ma(n) +lgn)) =

fiRE 10. Xj°

HEAE: B, SHERRE—R, SORREH—RER, $L0EEHN1, 4
qum@ﬂ,ﬁmﬁ&—%ﬁim%mﬂ,ﬁ&ﬁmmﬁ@tﬁﬁk¢%ﬁﬁﬂm%m
AN

i

BAEE R BRNER. BRINBELI— MG RIENE B, HITAR
T LR PSS AP TEE . ZKEPEFRKESEMNENRDOEZR.
SRR RERANGRNENER. SERKEIMEMNEBRISENAN RN, BERX
EAME MR ERBANAN R/ \WH. BRKEAEDIBREBIAT 0. BRXERMAZL
SFHYATF 0. ZXEIPHRMIET B

IR E IS iR, W EEAEEREMA R +1 R-1, AAPSFARE
ISR, KaEXEYTFERRE2ESNNRE, BRITESENMAPIHERRICER
REREEENETER.

SRR LG T — On + kg n) ELARBRRBEREIEH.

HFEEXMIER, BFOLAERE 1, FRUBIREARE o) MAARPIREET
%, RIMAZBEEMNTOMER:

1. R£&3 § REd T fHRIF

2. R T AE S BIRIF

3.5 BT HOsETTRR

4.7 3 S AU B8

DU R PRI R, BT On + (k + ) lgn), EMEITEREFRRIER.

PO RERASAE B A ERNERESNS E, WLFIRITIL. m

PRGNS
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INES

T — LR B EENAN I RBEERAEHITT L. TBMAEHEP R
HIPITEP T A ERR U — LR ARIEM.

HTEEEXBTRREINEG, —BHLTUMEBHEMBEIRRTR, tE—LHaT
REXEXBURSEE UGS EENE L. ATEEER, FTHEFITE.

4.2 WEsE

42.1 EBXEAF

(e) THIE

WEFAEREENEM EXFESN 1 <i<alINT G+ 1,i) WD,
iz L, HATLEABREE LA, BAVRGIZ (i,i + 1) BIBALA x;, (i +1,0) B930
*279 Vis ;"ﬁ.@ X; + Yi = Do

422 fBIRR

PIRE 11. A EEE°

HEXE: WEE, EHIR8YN «, SHERRE—R, SMNAREE—QEE,
&

RgE—:

TRERMME. SEMES. ORE—, XERE LMD ERITERY
T, ATREERERNBRENMNAENE, RERESMNIAMAZE,

‘EEGRINAIA

2022FFREFAAKCZFEEREVIBAILT 233

MY



ik O Ry BN ER AR AT ERPERF BR 3

A LRI AFNRRART LLUEDEEREXRE. $REXNERLN, RALABE
E[RIEI R,

KIVEMA—RERIRL B, EEMTFE jHP ) j NRER. B2 HHE
e

casel: j>i

BAGBAN ) xo
isk<jf

case2: j<i

WFRELW—RB Lk + 1), BEERFTHEE >0, WM —x BUWA yeo

BEEOMTFEN b Yi> kB k+ 1) WRFTERBEMNIZFBIF AR, B
EZ—mMERFFDNRE T REE R FITHHRE, FrURNT USRS I XHE
Bin{E e Lo

ZF, HTFRERNEPRIIATER—BLBRNTIAREHN. XEMNN2EES,
RET U BE—RE RN EFHIPSKON AR URIRE case 2 FRNELNIL,

BEIE ZE O(nlgn).

7% e

ZBEIPITE, BRSMNEIKEHE L TASMAMNNERER. XEEBS5REF
1, Agh R,

IGIEEY x, BUFIEBRIA x, y; OBIERFI R y, T NABNBRA co

BIBEEENLRNEN c -y, BEENRNERN ¢+ x

BN f(): j> ORNRTYNREKTERR j RIRN, j < 0 HRTIBENEEHH TS
9F —j R ER ST

f() FTRER RO, ERITREER 3.1, H3IMISEZR SIERAL T RAER O

L ()= f(plu=0)

2.£-()= DU <0)

|l =y i<0
3.h(j) = 0 j=0

fl*x  j>0
4.1+ h()

SEMEN dp RENR (), HMNATUELEBIE!

£0) = min(f(). f(j+D+c+x) jz0
min(f(j), fG+ 1D +c—y) i<0
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ik Ol PRV ER BiR c1ER HTERBPF Y3

fH=fG-1 j>0
8= 0 j=0

-G+ j<0

g'() FE. BITRIGE 2())j < VMBI RFATEEG,, j> 0 WBHETHETHE
Gio

19 1ERITE:
casel: f(0)< f()+c+x
FHEFNF () 2 —c—x, 1B £0) = £(0)o
HF j> 088D, H ()2 g(l) 2 —c—x, FILEBHTARE, BG, G,
T j<0B9ERSY, EMBURHEMBEENHER, HMEUF G, — G, Ulc-y)
case2: f(0)> f()+c+x
FHFNTF o(1) < —c—x, LB £0) = f(1) +c+ x = FO) + g(1) + ¢ + xo
T >0 0985, XUTEEENHR, BYTF G, « (G - (min(G))) U (¢ — x)
BRI £+ h MR RURIR: £(1) - f(0)+ x> f(0) - f(-1) - yo
Bl F(=1)2 f0)=g(1) —x—y> f(0) + c~y
BT f/(=1) = £(0) + ¢ = y.8'(=1) = f(=1) = f'(0) = —=x =y - g(I)
WF j<-18: g()) 2 g(-1) = f(~1) - £(0) > c -y, FAAFISTBHF LKL,
XEAEEF: G « GyU [—x—y—3g(1))
b, BATATLURAVRE Q). 0, REPTTHE G, G\, NEAEZRE 0(lgn)o
AR

Algorithm 2 Extend (0,0, fo,x,v,c)
if 0,.empty() vQ,.top()> -c-x then
Qo-push(c-y)
else
vale Q,.top()+c+x
fo « fotval
0i.pop()
Q:.push(-c-x)
0y.push(c-y-val)
end if

RRix=
FATMNREREEZFB 7+ £ 1R dp RESHITHIA,
NEBRZFRPRE. EEEM—FEEND, MA— I HRNERIE.
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M FEIEN dp B, TUBE (f + 1)(x) = (f + b)(x) + 1'(x) — h(x), BHTEENHER
— R FAEM.

HFEE, RiIEREZFEBMNE, ZIRIEF: (f +h)(x) = min{(f +h)(x+ D +c, (f+R)(x),
A F MR min B

XEEER 39T LU R, ERE 0rnlgn).

ZEEA BRI BAS RENXABERNIRIA L.

fiRE 12, (UER# 8) BRS LY
HEAR: W, # RSN, SEERRE—R, SMAEEE. JLBA
ZREH. SRERBHHM.

B2k
fBE—:
B ARA R E—ENEEMRE, XERERR,
MiE—:
EZEBMIPIFE, BEEANERARNIA —~, ERENERENRE—EHEI.
TEERER— pair 8, Hob first RRME, second RRXMRER T
RiE E—ENERE T E— R
Algorithm 3 Extend (00,01, fo,x,y,c,cnt)
1 et "ERNB B
2. cnt, « cnt
3 While cnt>0do
4 if 0,.empty() vQ,.top().first= -c-x then

5 Qu.push(make_pair(c-y,cnt))
6 break
. else
8 s Q,.top()
9 0:-pop()
10: vale s.first+ctx
11 cnty«— min(s.second,cnt)
12: fo — fotvalxent,
13 Q,.push(make_pair(c-y-val,cni,))
14: s.second« s.second-cnt,
15: cnte cnt — cnty

Chttps://uoj.ac/problem/455

2022FERFRMA TR HEEREBILK 236



oY

ik Ol chRy N B Fsp A I ERUPS Birx
16: if s.second>0 then

17: Q,.push(s)

18: end if

190 endif

20: end while
21: if cnt, — cnr > 0 then
2. Q,.push(make_ pair(-c-x,cnt,-cnt))
23: end if
ZHMNRRHRX M while BIFFTEERITITE R, RITRSF—FELE.
BRI RRIT— @I EE— R e,
LUNNTRES Y 0o, 0, 7
EABEEBIES, TEXBEE QD) = 01.5iz¢0)s FIEITBEER 0.
BREEM 0, PRETETE second = 1 B pair.
HMAEREN, REBEF—R, ERANMZAESKENN 01) B1ka),
HINFE, SE—REFEGRNANZETHEEN o) 2i1ME, WFEEET
RER, SRUEREQ PHTERL—, FIUBERNT1-1=0,
RSE/ERIBRE—ETNTF 0, FRLUZHHESIRAH T—P L5, B SEFRSR 2 O(n+m)
R, SERER O(n+m)ign +m))

548 13. (1012017) Wiring

MEAR: BRELE A EER, i MR x> 0), BEh—ER2aany, S—
EREEN, B4 UEE— M OERSN—  ESERS, BRS04 8%
X Mxp WRNA 1x - xjo BEREMERSEDIE—IRBL, BIMLELN,

2%

FTAEBMBNIESRNEBREE, XBERER.

B LUEEVE—RBENEUHBEEE—F (o,0) 1I—F (1,—0) 8932, REHT
RREE,

gix—:

SEMARE, HERBZAINMCEEE.

7 S

EEMBIPITE, HIZERR E—EE=,

IRHBIBVAEARST x, HBEN o MILHITERLRNBESH LT MED first > —x 8
pair, THZXFER pair FEBRWERA o BHNE, BETUEISRE. A4IHEDE
B LE—BES2EITBIBEERA first> —x B pair M BMOWENE, XEFEER, =
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ffiRE 14. (CTSC2010) =REE
HEAE: WaE, # ISR o, SHEREZR, SMREEER. TUFRS
OE2R. EREREHHF.

fRiE

fiE—:

SEERRMCE R U EEET K,

Agh i FEREHHE, FIUTRESRAFNR.

MESEXAER, RINERNETEPLBEZRAXNPREESANER, WTF—RER
%, AR IIEXEOABASBERR, TERI—FE BRELEE— pair RS
BT, 8RERATURIE.

ERE O(nlgn)

E=:

EHETAME, BIESRB LENRBERXETARE, BRITTUSEME 118
ME= BT LR, B9E)1 8 ZERIAT] LUEE] O(nlgn).

]

fiRE 15, T4

BEAE: WEs, S HhEsE, SHERESR, SMPERE, ReNERAT
ﬁmmﬁo%Eqmﬂﬁmﬁm,ﬁmmmmm&z&%%rﬂﬁmmﬁiiﬁ¢ﬁﬁﬁﬁ
TEIRUE,

fi#%

BE F—WHRES, W NS RR, RITERENAYTHEFEN LS
TR RMNEETANTR.

SFiEE, TS EIBNE NGRS IR I R E TR iR TR,

423 N

HF WA EIMR N R RTINS, RITEETRTUE SARESHENRR
RSB EFR T R0
WFWESEHSMLEE, EEEMNeERAGENS®, ERE—FRIT

U B A e PRSI
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43 i

431 fI&

&8 16. (LibreOJ NOI Round#2) E&HF T
HEXRE: » M"RESMRT N, SROMREES)F. BETV IANES, —
T IRSRAELE—ER, UF T BES Yy NKBR P +0. + Z oy HP path(x,y)

e€pathixy)

2 x5y URIGHE LB0AR. ¢ RIRME, SRMA—MINESRET T, REAUE.

%
FRENSIILLTE, BIFEELUER, FrUlETIE SRR X,
ZERIMEREABRNLENEE, FEERLEHMNRSHIARIPESRDARANE
B eI BA IR/ MEEPRT, B n M g FIFNEHIEIE ZEERD O(n1g” n) B O(n g n)o ]

B

fAIRE 17. (ICPC World Finals 2018) {EBRtt 5212

DEXE: — R NSBETELEENN, MENE S8 N, — RS
—FRMNA c(c > 0) WIABEEIS— N REBRHNIEN T o BREMFESINE i, HEMNIK
FINF yio REBMEMN

Y5 nEM.

fRE

BERRUBRCR/NEBRIITRIEE,

gE—:

IR RV MARAT BEIN Lo 1 dfs FI—MLET LURITR S RDRN TR
BH 0(1), AMESDESEEFRIE.

B8] E & O(n Ig* n) 3 O(n lgn)

ME=:

EERUARNERETREPITE. TR NN, WFHE j EPEEREND
mEA j RN,

PILCR FSE{OABIRE 11 M= 0975 75 B FRIMBITE, &HFRN dp BBAZM folx) =
miny (i) + f2(2)), FILERER min B, STUBTERBLARSHEN, HEB2524
e BRE 0nlg’n)

WETEAR 8% LiAARALATTIN L2 S ABINENEABIMFF BT HELH, 52
E O(nlgn)*?

“2https://loj.ac/p/6405
B0 https://www.csc.kth.se/ austrin/icpc/finals2018solutions.pdf
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432 NG

AR EASINER AR, BRIIBE AL B LRI RREE, SRR
BEIN Lo

5 B4

EXMNBERNENSHREER, H—E45 Ol AN B IRBE#HT T EEMN
k.
EBNEBATNEEE RS A LNE—F R, ATEEERNER, XERBEH .
F A O] LRSI S | ENMER, ILRE BT T XKRE, BEESRINE
BREREE BFREERLI,

6 Bt

RSP EHENFREF IR T,

BHERFIIABSTERIVES.

BT E R PEE—1T. £3IZ. MAZIMHIXOMES.

BHREBNFEZR.

Bt R FK. HHREFHEXEFHIREEN

BEEEBEK. BREE. BIFEE. BFEHFEK. FHEBEK. FREFKSH
R BBEB K.

BEMRIIE. BAERFFKIEXFRFLRE L.
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