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J& T e B R, HERAFE AT, RN, HEEENEEE
OO, PR TrieMf U BIAIW A7 R R 5 AHSE, EAREEAE] T ow®), RIMEE T
e A BRI R R E WA Om?), Bkl s, F R H AT
b, BN RE 20N s, AN DU s AR o i ST — B Trie W, FKs B
A TrieW G IS —M, XFE—/NMHILER LI H — 2 2 M LB I Triefd 1, &
R A2 — PR Triett

N TR TR, AR SCER T X RE A R A Trietd BT A S5 48 (1 B 2 A TR
RE A SIHLEAT T B 3R —FP i 7 v, BB N AEAEY: L —
SeE FHE S E B T Triekt b, I HL X Trie (1 )5 2% B ShHLEAT T ] 8444,
2 R EN G B HAT T, R T Parentf¥ X — 2544 3AIERH TR HL
MR, WU T BN ER RSB B 4RI T AN Triefd
i G 4 LI EE, MR SEN, SRR MEREMEN; SR T Trief
JE AP —LE L, R T 0 R 2 E L3RR

2 TrieW B 545 B BhH

AEATCH, TR 5 o B0 B R Trie L5130 b 5 R T4
T RRA, TR AT 4 DAY, R e,
ARG AT = A~ (o FISFR TR K, 5 FR BT,
s, A5 1 5 SRS 2 000 7 R 7 R e bROR TR
fia,b FRMBEBEIN T GRS TR,

A ST SR A

S(s) = {sig | I i< |sl}

AMinl(S), Maxl(S )53 MA— D FHFHBEAS T 1 AT K H IR

MTHR 7~ — FiTriet, HT.T),T,.. RARTHE—A S ATHFEAT
T B I o AT ST R AR BB 10 b 0 RE IR S B2 R 2 BRI
FREENT oy B AEIT A8 A R R S IS0 R T, — € 2T 1 TR i

\\\\\

LTI —AHTEEN:

Pr. = Typorx (root is the root of T, T, € T)
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BRE T I L0VER WA KIDHRALDE UHAS
HATHIITA T H N

F(T)={T.,| T, Ty, €T,T,is in the subtree of 7'}
[FEFETHIT A JRN :
S(T)={Tyy| T, T, €T,T,is aleaf node}

ETriett #L G 2 Esh AL, BNES — NERIRS B HLAE %R G
IS (T), FHRATEERILE /N B SIHLFPRSER#BEL. RS — N R @ )RR A
ML, FATE X —A B AE Triett B8 H AT &

Right(s) ={T, | T, € T,3T, € T, T, is in the subtree of T, T, = s}
X —MEEN KRRy (FERA B EILERD,
aRb < Right(a) = Right(b) (a,b € A")

LR()E R GsEM T A &, B — DMK Bamw dshpld —4
AT N —DEM K S BTN G R AP ANT), DTN
IR, HOT) (s € FM)ERRBENsIG Itk T KPR, I8 4 8 8% ok Bt
E X HND(T)s.ala € A, sa € F(T)), HO(T),.a = OT)(sa € F(T),a € A), [d]
HO(T),,.50 = O(T)s,5,(51, 52, 5152 € F(T))o HRIE X, H:

O(T), =DO(T), < aRb(a,be F(T))

I H R a2 O(T ), XA RS B 777 e, AT 00 B 745 £f 5 5l
FER(b)o

Picture a. 72 B ¥ FT = 89 trie# ¥, bRF N Tab, & 5 A A RightE &
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N T T AR RS (B F(T)Hh REEN SR EED, AT X e
23 SRS L BTREAT — e M. JRATR BRI RE W S AT RER) 2D

31382.1. 4 x,y,z,uc F(T), #:
(i).xRy = (x € S(y) ory € S(x))
(ii).x € S (z) = Right(z) C Right(x)
(iii).(x € S (2),z € S (), xRu) = zRuRx

ERA: () AYIHR &I < |y, MRight(x) = Right(y), % EAERE —AT, €
Right(x), Hxe S(Pr,)andy € S(Pr,)> Ktbx € S ().

(i) VT, € Right(z), Hz € S(Pr), Xx € S(z), Hliktx € S(Pr), HIMKT, €
Right(x), i fm@fHIE,

(iii) H(Gi), z € S(u) = Right(u) C Right(z), [ ¥x € S(z) = Right(z) C

Right(x), MXxRu, K ItRight(z) = Right(u) = Right(x)RlzRuRx.

ARG R 3 T R S K AT [ ) B 0 S PHE

HEiIL2.2. 3 F—A5M £R@), SxHARQFKERZ KW B, yARQT KE KL
g%, NLAH:
R(a) ={zlz€ S(x)and |yl < |z] < x|}

XANAT DA 5] B2 18 Z HEH

3 [REREE
fEZs B AR S A LA Sk, R RO T B E RO, i AL
BAFIEESKMPREIECI- 73840 1 AESS Trie 7 )5 28 B SN A5 IR B )5 48
P, IR E R S RE W U A (P YA HA € B (RTIRAS B SR RGE 505, ol
FERATAFIAC B SN R F G AR SR, MACH SIAL A [fail b KAL)
AT 5E L4 Trie W #3145 2% B ZhLHH e SR BE %
JREREER — AT — (e BIA TR B sy CGRA BUURIHRIC s ), RoR:

sr(x) = {z|z € S(x), [zl = Minl(Rr(x)) — 1}

B  Ja 250 AN A xRy [ B K [y
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Ja B 5 RE T BhBRA TIEBHO(T) RS EOR M1, TRt s RATT 75 2 0
M s(o) A 5 1

S1383.1. & Fx,ye F(T), #:
(i) xRy = s(x) = s(y)
(ii) Right(x) C Right(s(x))
(iii) Minl(R(x)) — 1 = |s(x)| = MaxI(R(s(x)))

WERR: () AGIR &I < Iyl R E LAHIs(x)| = Minl(R(x)) — 1,|s(y)| =
Minl(Ry)) = 1, XR(x) = R(y), HItA|s(x)| = [sO)| < |x| < Iyl 5 F2.13),
x€SH), Ms(x)eS(x),s(y)eSy), FHts(x)=s©y).

(ii) 5] #2.1Gi), Right(x) C Right(s(x)), XxRs(x)N{E, K IRight(x) #
Right(s(x)), FT LA fiy i AFIE.

(iii) I As(x) € R(s(x), Hs(x) < Maxl(R(s(x))), 54y s(x)RE: i I
HEKEHEKPHE, IB-4HRight(y) = Right(s(x))Hs(x) € S»). Agiia H xiE
W, BB > 150, FRAEE AT, € Right(x), BT HIT, € Right(s(x)),
T, € Right(y), By e S(Pr)IHxe S(Pr)o

il > |x, Mx € S(y), RIESIF2.1Gi), W ARight(s(x) = Right(y) C
Right(x), 5Gi) FJE: &yl < Ixl, B AxRYRS AL, W Hsx) =y, Hlyl >
SO J& DRI iR iy A5 IE

B BTG A, AT —ANENER), AT S SRR ) T AR R,
DRI FRATT T LA J 25 9 ShWLIG A AR A B B ST SR B 1. N0 4 R(a) 1 ) 44
BARFIR(s(@)).  HIG) BRI AT R, KRB 254 (WPicture ¢). A Z5FR
HJyparentb®le FNH TG, & XFa(®(T)) NREOT) K G S5, I
7y

Fa(®(T),) = ®(T), < s(a)Rb

51383.2. 3t Fx € F(T), T, € Right(x).
%lpTul > Maxl(R(x)), Z:"[(}j/'\’\a = PTV’ }]]{ Z‘S(aluI—Maxl(R(x)),Ial)Rx°

WERR: AW Ab = ay-mairear WRIECFI T Gx € Sb), W22,
Kl MIbl > MaxI(R(x)), FTUlnot bRx, Tilbyyl = MaxI(R(x))H It HbyyRx, W]
¥not bRby ), RYE 5 SHEFEE LT Hls(b) = byyys Bs(b)Rxo
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o ©

Picture b. B ¥ 098 3¢ & T Picture a ¥ @ TrieAf) 3 1 69 5 4% 8 sh DL Parent#t

4 ZMRVRESH

FERAVG — AR AL R B LR, X S JE 4 B s HLK /N
FEO(X) . FATIAY BExF T Triet i 1 )5 % B LIRS IR 2 LRtk (). 7E5E X
TSRS, AT EXN OT)FEAT AT 734

51384.1. A x,ye F(T), H:
(i) Yy, not xRs(y) = |Right(x)| = 1.
(ii) |Right(x)| = 1 = Pr,Rx (Right(x) = {T,})
(iii) YT, € Right(x), not xRPr, = Ju, v, s(u)Rs(v)Rx and not uRv

ERA: () RAEVE. AR ERight(x) > 1, I AAEBLT,,,T,, € Right(x),
La = Pr, b= Py, A Hlal, bl > Maxl(R(x)) (#lal < MaxI(R(x)), MR(x)F K
FE RN MaxI(R(x) I EATTREHINAET,,, FJED, Hlal, IbIABEHSE T MaxI(R(x))o

fia ¢ R(x), Mal > MaxI(R(x)), 251 H3.2, s(au-maxireya)RYs Fa €
R(x), XT, # T,, Hita # b, X|b| > MaxI(R(x)), 2 T]1F|b| > Maxl(R(x))
(AP E =4S, [ EETT 15 (D Maxicreoy b)) RYs R a7 I,

(i) W Hx € S(Pr), I AlRight(Pr,)| < |Right(x)l, X|Right(x)] = 1, W]
4 Right(Pr,) = {T,} = Right(x), BlPr Rx.

(i) G 7Sy 8 m] HEAS . |Right(x)] # 1, FA|Right(x)| > 2. HRHE %0
A[13YT, € Right(x),|Pr,| > Maxl(R(x)), ¥ HAT,.T,,, {###Py, , Pr WK A
Ja 8K N MaxI(R(x))-

AT, T,,» HERW1FP,, T, € Right(x)iX ¥ KK ALEHMK
£ 2 /D AMaxI(R(x)), AR AP A L5 8 A IMaxi(R(x)), X|Pr,| >
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Maxl(R(x)), AT i K AL F R KE— &8 2 KT Maxl(R(x)), R3]
H2.1G1), nJAMAT R K AL G — & 5xREM, MKE X KT Maxl(R(x)),
b A8 8 AS e B — A7 (LT, T, L FFPr, , Pr, B B KA S5 2K S
HAMaxl(R(x))o

AW %a = (Pr, ey, |-MadReipr, 10 b = (Pr,)ipy, 1-MasdReoyipr, 0 A LT HIES
WA Hla # b, Hta ¢ Sb)and b ¢ S(a), 451 F2.1G) 7T Flnot aRb. R4 3
320 Hls(a)Rx, s(b)Rx, ZILJFE M RAFIUE, a, bRV AR u, ve

HTULEAE, AT DLAPR A S L 7B T
FA.2. AR Trieht i 2606 4 A AP, FARS R K49,

JERR: 4T, eT.

7 18 5 20 5% B2 A0 B Parent ,  HH 51 B4, 1(1)&(11) AT KX T+ By A Parentd%
R EOT),— EAFAEP Rs,  H1 5] ER4. 13 Al HERE B — AR O(T), H
T /2 X0 BT AT T 38 Finot sRPr,, MBAD(T),— A WAL LR 795 fe Wt 2
vt Parenti _F 5 fUF G IS 715 BT R R E APy, HAR T SIS
AL BT . T, R 2| T HO(T), . Pr ik B FPIRS A ME— 1.
2 Parentitf 75 SR HAG AN 747 BT S RIS S I T, AR 15 A
B A 2T, Fik2AgHEr.

A TERIERPRSE, R (ALH0 a2 2itn, Badk
IELREHERS B BBl &N, EFHRSEE, 547 A& @RS AIA
A, 23 Trie B Firg 32 10 5 28 B SRS e B0 S B0R R IR HoRe L RF B RN
e N IHCRAIE A X AN BE 0T Hah H— Nk BIX AN BE 2 1) Triefd (1914
&7

EIE4.3. b —RTrieMt E LB R A ahh, HEEASHH LR R O(Trieth 7 5
) x (FHEKXD)) 8.

UERR: AW 4 Trie# AT
HEH4.2, |O(T)ASHE2T, HHEENTHE—AOT),, HERRERE
HIAA. RIS R BT BB 2IT) x Al B fHE.
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3 — N Triefd 315 3 )5 20 B S L 7% R BORBLL B 5. % B TrieM T,
BN T AT A HIAET KR B FRRATA TR 224G Rk, I4lAl <
Tl THHI—5B & — 2K BN T /20030 L Z RS N [E — AN BEBE, IR
R DA AN 5] ) A X 2 B I e e — N e AW A SER 7B
HNa, FTHISEEERED ERFFEE B, H2adbeST)0<i<|T|/2,be
B), X &HHnotaRa’ (i # j), X FR—DOT),, Firf b e BERZL—A
AR, RUIO(T) MR AU BOR R T|T1/2 x |BIBELZIT|/2 x |Al/2, FI5E
H4. 30 1) E SR R — AN

a

Picture c.— /™R AE 3545 5 H % 305k 2] B R 6915 F
BARE Trie V)5 28 A ShHLE R B A R VR, (HRERZEE H LKL
SEPR S A SRR, — R ERFEER /NG J LA R PR AR 5
TEF TR T RSO0 N R E A R B Ve, A RN — AN R AL BE Trie b
B R B A @ 71

5 MWEHEE

FEG &N R S A S AL SRS, SRATTAE A R LR B
%, BRI GF s A 28 A S LB ST Hsa(a € IS EBSIHL, AL A Di#E
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B Tried LI AR P B BRI EE . A T LIRS H 5y
Mr, FRATENGE AL & BRI AR R A RIT| - 1Al

L TrieM THE T ST I — A F5/F Nalfy 1203 7§75 5T, 43 2 08 i Triefy
JETN, s=Pr. HREO(TN)ED(T)IFER_ AW T EE S .

A SRR BOHAT 7347

51 RESHEKL

XPTAEATs € F(T), DR sk 28 & n] fe RTH) — N E 4K, Btk — & 47
TEO(T) XK. KA Ts ¢ F(T), sIEHATTRARTHES, Fitb—EA
FAAED(T ) AR

WUER — AN EEMRAEMANT, S5 3G AL, At B 1) J5 46 3 sh AL L i)
REWAZHAE, HO(TN), = O(T);o

Case 1: WRT EEHE—NILFHERLST HIED TR Na, BLFR
AN T XS (T AT AT AR A2 24

Case 2: WiHtsa € F(T), MALHDT)sa = (T BATA IR, (sa) 53 Bk
P 2K

B Rx,y € F(T), xRryy, WA R x, yWIRightry & FI N tHILT, 5t —
TR, R E A xRry. Wk ZViVxRrysa, yRyysa, YIH xRy, Bl5saR 55
W B BE AR A2 [F] — ANRrE KRRy (sa)F 1 HVx € Rp(sa), xRrysalhf, ILEFA
RABBPIREHBL. 23x € Re(sa), not xRy saltf, 75 ZAERy(sa) 73 P A~ 5
K, —EKHsaRry5Eh, —RASHEMIAT GRS saRry 5, IAA0AT
IRightr R EHH — B AAFAET,, BIRighty y AR RIIEE & Righty 55 ).

AN FE PR ASEIDIRAS (1) J5 8 B 4.

%u,v € F(T),uRrysa,not vRyysaHuRysa, vRysa, IBALETIINTG, w4
R3S, VIR K. W Nsa = Pr,, XHuRpysa, W RHllu| < |sa| (U1
Rlul > [salWuA 7] Ge HIAET,, uRpysathh 5L A B 17D, BIIEXT TAE Sx €
SWINRight G HEFMA TT,, HEREEASLE, sta(w) = spw)o FHE
JEVIIIE L, vRrsatlinot vRrysa, 5 [ERightr(sa) — Rightry(sa) A %2 H T T,, I
LLIRAET, ¢ Rightry(v), HRIEHIEE2.1G), WM sa e S), XMFiExeSw), x>
lsalf18 x, BAvRrsa, RIEHEIR2.2, xRrv, XABATHIRIght BB TEINT, AT J5 %
A, (Rightr(x) = Rightry(x), Righty(v) = Rightry(v), FvRryx, I ELAE
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FHER: sey() = sa.

R{aab}

b
Picture d. 79 Picture a™F W Trie & 509 )5 % B #h#L

°
A

/
“o

Picture e. Picture f.

Riaab}

Picture g.
Picture e&férg. 5 3 A 4 Picture a® Triet i N—A~T5 &84 Trie, #7TrieBt &9 Parent¥t B )G
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B AFHM. LT ERNF I NTrietd T &, HEHT EA0il &k FParentiF=J5 % A 7
g E AL,

BEIR 4 M8 saflT & IS8 KRy (sa), B4 salfI T A Ja 48 CAAEIX Z | N
NZIR(syn(s2)), R(sqp(sa)), .. 25T, TREREFFA LR, FHATEEH
&

Case 3: WHsa ¢ F(T), FAVEHE—NENRRnv(sa), FAHIL T HH
Jag, B — SR RET 2.

A NHBERMER: srv(sa)5E TS (sa) T — A HIAEF(T)H 1 B K 1
Ho UFI LA, #x € S(sa),x ¢ F(T), HAxRSIET ML, TMisall A
SLET, M, BURight(sa) = Right(x) = {T,}, BlxRsa; #ix € S(sa)&x € F(T), I
A |Right(x)| KT 1, Hlnot xRsa.

XA RKG e AT MG L FE T RIRZ T7 (. Yy € S(sa),y ¢ S (sra(sa))FF
MRS — D IR FEM I, AT AR HL R & —ADIRE, X Ty e
S (sra(sa)), 2R T AL, FHATAT L soy(sa)F fillsatis ACase 2 (&
WRCase 27 H MM Blsa = Pr, WML Hspy A WS TR MR, Kt
AN 2238 R R, B4 BT E R B P e IR A B AE Y ) B AR 2 R A4
Ksry(sa) Lo W B RE0, RANTERKsa P EFOHIM 2D — KRB EK G
%, APIREBNOT),, MWATATFTERLR B s I KI5 8B E R T Fall
IR IAED(T)H, X I fig s o] DA FRATT I 3% R shi 3 7. ARAEHE1R2.2, AT
RFGED(T) 5, O(T) sy DT 255 - - - FIRENE — MFAEaH RS HPIREO(T) i ),
Asi()all N sa P IR KR I2 R, Bl spy(sa) = sh(s)ao

M B =FE B AT LRI, X Trie EFE 7 — M FARESREZ RS2
124, XWUER] T HARGS LR, R thihe 74 5 Sk R t. (=
AV BAT IR BB UG DL, 38 1 SRR X e 7 o B A2 216 DL EAT 70
e

52 HEBERHHEN

fECase 2, WEREBATIREH RN T EA A FE RN, 5N ERK
SRR (sa) B ZHFBR N (sa) MRy (v), B REAMAMTIIFAZ R KL, ORI IT, A2
5 50 BT LA S0 A B R s 807 AR 52, O(TN), MD(TN) o e 5 26 2

2015FERFEMILT PEERMREMRIE 11
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HAND(T) o 1 — B, R AT RS R EIAT. T Fi S5 KRy salll B3 I8 4 7]
REAEED(T) .a = O(T) IR, XEORS LR R E0E © T Z B . RIE Case
29 o M, AR B IR SO(TN), MO(TN), ', A Fa(®(TN),) = ®(TN),,
M AT AR EED(T),.a = O(T) AVIRES, EAD(TN),.a = O(TN),, 2ALD(TN),.a =
O(TN),» HiCase 3, BIITHOT)s O(T)r5, V(T2 )5 - - EENO(T )1 -0 # D(T) 01X
SR 2 Hafs # — 8 ¥ NO(TN),, R EE T 51 HARD(T),.a = O(T) R ZES Hr
a¥e # # 22 BID(TN),. B Ay At (1 37 7 AR M 4K AR 3K B B AR RS =2
4, AMREOTN), = O[Ty HE—NIRENREKOTN),, F& MBS
HOT )5, D(T) sy (5 P(T) 25y - - - ELEIO(T )5 -0 # D(T) X EARTS Mo Bt I
W2 2M 5 H2 1T HERD,  sh(s)a = sr(sa)s

fECase 391, Hiid T — MIRERrn(sa), HRH 5 FCase 2— 5. KIAT, 2
AT i, R PRSI R S— 2 2. HTHE T —MRE, e
HOT) SERESHHEI T HeRe M3, HiCase 3005047, BATHAHERHOT) () (0 2
0, sya(sa) # sh(s)a)IX EEIRZS 15 7% R BT o afi 11 O(T N o B AT

53 WEEZEEZFESH

FER AL, BEAME HE R — NMERI R HIE, X7, M7 ik
REITIR IR A2 WAIRE, XEAERERO(T). &GRS T
G R S B—Ik, XM RO(T)I. 8% mE ML, £ Case
2HATRRAEIE — N R 0], — RSB REEZIA, Fitix—3
FEO(TIANK,  HLEUE AR (2 T 12 B SO 4% sR SR I R 2R B2, W] AR
BF Ath PR BT[] 52 2% B A e 0 e erie AR 15 s R FE 2 Fll,. AN & TR 5 RUIRFEZ
FUNG(T).

UEHI R BRI BE 73 M. ANWT4 Dep(s), s € F(T)RKRT (T, {EParentHf
HVREE, FEEO(TN)FIO(TN),, 1F Parenth HH BIRR (98842, AR4E 51382, 1Gi), 0
BALLER(ba)5k— EFLAER(D), W Dep(sa) < Dep(s) + 1. %c = s, HAIEZR
TME S IHE S AW ke = sc), RS SR E, FFDep(c)2 1.
D7) alX N EBALIERS, Dep(c) > Dep(s(sa)), R NR(s(sa))iX MRS T
RIS, PR R W] fe e 1] A 4k 4 4 Parent B _EAE _E Bk RIS 45 20 D(T N0, EL
FINLEAE LR, HO(TN).a = Fa(®(TN)y0) = Fa(Fa(®(TN),,)),» FkDep(sa) <
Dep(s) + 39 HAG— KB — & &1 IR FE 8, 1T UL Dep(s) B i 4 7R A
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A RERREL, AYTE AT BT R, R — R 2% SRS A
%, —UdEAW BRI, B IKAEANREDep(s) I Z N3, H—IRFE BN
A8 A Dep(s) 22/, B4 FRATT 3 I AE BSURE # eR B IBUSE B b 2 VR B 2 )
FRY, R BT S RO R ERAE O BOIN RS R B REAS 2 _L T 45 18

XA E RIS, (AL 1E 5% FE 2 AT LIk B IX AN 2000 1.
VE W Picture ho

Picture h. 4w R 3BT 509 %I TmN, BB L2EFO(GT)):-

P BORAELR, AR DAL BEFIFOSY,  RIBE 2 A S 4% 27 44 Trie b
MU RN IXAELET. AL BlumerSE 10045 H [R50 3 8 [ ¥y it G005 52 0% (R AIE
[ Bt 0 Trieb & FHe A [ € 1 A3 4 & 2 8 AT 7R 25 B oioe % s 00,
KRR BATIX—HB 7 B 2R AL O(T))

bk, WURERAL, MAMEFIENERERZOGT)), Wk
VP LR, BT LUZ FIFOFP &5 2 — MR EZRO(TIAD AL, Roak
MR IRE T T

6 EH

6.1 ZJOI2015 iZMEMALIIE L
XES M EH L BIERN S 2, XEMAFEALRT.

2015FEBFRMIL 2 PEBERMEEZIE 13



[BRE I HN_ LR WBREBKIIHMELPS WHE

BT OV Gt — N TrieWH 2/ AR P F 5. FIFH L
B 25 Triett G257 J5 50 H SIHLII 598, ATAT AAS 21— BERS IR — D Trieh
P JE 2800 E B T Trief i) — A1 5 b e R AN JR SR AT SR, IXMIZ5 Ef AT
JRE BN FEARFRRYER. FERAT LIS Z AL, X+ — M REO(T),,
EARBATA R T FHBONRGS) IATANTREFrA IR KR IS Rk FE A3
BERT.

HIRIET AR R TR, L A AU, BRITEESHE 2 DA
HIE A A SIS, XU S T AR ST B AL S T A S
VISR T 2 D FhAS [F (e % BR AR AR A7 AE, L B ZINLE — M [ TE 3R
K, e b AT A e sh A Mt e A L 2

WRYE LRI R 2 B i, BUB IR BORAEL,  ILRATAT LR B 46
WE 5L, R N0MIAD. L bR _E R Y7 mU8 BOR  BUX A 46 1 3R H 5,
AT DAIE B 2 06E TT FR A 3 D5 ¥ R 36 R 4% E AL I TR B R om) i, A
NEATA R AR BRI 7 BIRPF R 7R R, 25 58 MR E i — 87,
ION S ASCN AR, DR 4 g PRI B i A2

2 MEHRA T A R T R i)

A XA Y T, AT AT LLRITE XS T A8 70 il LA A 28 B shi LA B 7
R R ) S AT DA R B Trie b, LGNSR Triefd 19 550/ 15, 2 Triefdf 1K A
o ds, ORI B A Trieftf LR BLIREERSE, 06— 288 RIRSE 5 B EHE
P Trie ERUARE RN H,  FEniii KA 2 DA A R 1 8 1 TS0 45 € (15
XL i) B T LLAE 25 Trie i A4 2 H )5 48 B ShHLR il k.

6.2 S5ACEHz

WATABW TR ACHIINL, MhoBin A 5 8 3 K Triel 2 5 F g o
Urfailfia&l, 8 J5 AT LA T fan N0 e g AN B A 00 R BB FRATT T LA
YA Trie VL J5 58 B AWLRAVE XA Y FnA> B B2 il Trie 2 J5 75 N IX > Trie b
BALE AL, BATE R R, R L ERRE O AL a,
2 AT B Fa(D(T) )k B2 AT IR, AR A R ER 1R R B4 25 8 3k iR 1) A
K,

AR, BATHnAE @SR TrieM 0T, HG(T)— A &iEidn
RE R, WS EREANSS TACHINME RRE, ERATIMEFEE
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BRE T I L0VER WA KIDHRALDE UHAS
e MATUURAELSATL, TACH S IE R A e B 4.

6.3 Parenti

Picture h. ¥ Picture bill £ &9 F 554k &

X SEBR b BT A Trie b o B BT 25 B0 4 0 Sk A4 B — B Trietd, B 75
B . AT AR O(T) A parent 1 1) L FHER,  BIX T Fa(®(T),) =
D(T)FID(T) A% I8 X prasicresy BT RN HERE - BATTREAF 2 — AN Trietd 19 5T 228 20
R B BT A AT B I R HE T ). AT ELOT) M — AT, € Right(s), Bi&
W LA 3 FATT A BE PR B 3 - mranicresyy T

A 7IXAPER, AT PAPOE R BIE S FR AR 200 E— N Fa € A,
FAZAS RS AL B BRI GBI AL TIRESO(T),, FRATTHE H Parenthf 1) 715 51
B O, BEEFIWTHO(T),s = O(T),o

7 Bus
TR AL H 27 s e 2 A A DR AE 2 2] A2 % B3R AR O
U ACBEXT IR N TR B 2 B
WAL PR 2R, EEHZIME .
U CCF L A2 i1 5 AL
JERIT [ 5K S A 2R 1) = B AT H
BUHE R G, RIS R I T K IR A B,
AL e v, EIETE, XIS B 2 A S AR
TR A 0 B A i B ) 1)

2015FEBFRMIL 7 PEBEXRMEENZIE 15



BEE TS BB WL EODHRILDS WHE
B

[1T A.V. Aho and MJ. Corasick, Efficient string matching: An aid to bibliographic

research
[2] R-S. Boyer and J.S. Moore, A fast string searching algorithm
[3] D.E. Knuth, J.H. Morris and V.I Pratt, Fast pattern-matching in strings
[4] P. Weiner, Linear pattern-matching algorithms
[5S] E.M. McCreight, A space-economical suffix-tree construction algorithm

[6] M. Mohri, P. Moreno and E. Weinstein General Suffix Automaton Construction

Algorithm and Space Bounds
[7] M. Crochemore, Transducers and repetitions
(8] FRILAS, JEZ& H Bl
[9] J. A. Blumer, Algorithms for the directed acyclic word graph and related structures

[10] A. Blumer, J. Blumer, D. Haussler, R. M. McConnell, A. Ehrenfeucht, Complete

inverted files for efficient text retrieval and analysis
[11] U. Manber and G. Myers, Suffix arrays: A new method for on-line string searches
[12] ZHH%, JERMAH —— B RRmAa LA

[13] Cormen, Thomas H., Leiserson, Charles E., Rivest, Ronald L. and Stein, Clifford,

“Introduction to Algorithms”
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FXBRNEBEECIIRRPHNA BNHHE—PZ T2

ERBANBEEREERERTINA

ZEPARITE Pl L

=
BARXNFEERETRRIXTOEEL ARTEAYORKELEL, BAKXE
A8 ST AW AR A A RAZ R M AR BGR B AR, ALK BELSE B A XL EAELE
EFERFHE—FT L, FIRT—LF RO B AT Ff— L@ ARA, K
¥ HE— AR DA AR A0S | VP a9 L AR AR R, FHER T 3 H R T A
B12(1 - )it

1 5|8

Ja R AEEFREAMR T I AR IR 10— 2R FE, AT E s Rt i&
M5, HRRAE T2 M (] A [RF8 A5 2 i A — AN e XA
AT, RBHURRAFIEH R %, IFAREEZEN A 2I0IZE3E .

N g R A SR EEAT T AL A ik, i RS IS ) TOIZE 3R, JRXE
TOLEFE PR AL, 3P T € X

o LAELLBSZ M MAE X Skt AT 04k, P S0k R e P G P AR T IR B
o LB MR HE ELEAIG LI, AR SV ) IR A 1 58 DG SR A R B9

fE— 2o FIEE P A S5 R AUEE, REHEZRad e 8RR
REBIN R IRE, (ARFERCRAA 7 5T, .

o k-d treetxilt AT 1.
o D\HIILAL K Bellman-Ford 5% (S PFASE) RH UL,
o FBIHURKEE, BHUEEILEH A RBETAES RN Y REE.

ASCHER = AR R AR AT IR«

2015FERFEMILT PEERMMREMRIE 17



FXBRNEBEECIIRRPHNA BNHHE—PZ T2

o AXELVE R HARFR, I AR AT DAHE i el Sk R g AT A SR A T 2

o FNE U342, ¥ BEOUHI W A B A HE SR 45 A i R 4 B

o O RAEIH, —FERIE IR I k.

T EHOHRS MR, F1R ZBHFEER] DLH & F &t a kN EE,

AIFE T RERIRAE T A 0 1 G Rk X EE:

o LEG W BIY 43 1] (2-partition problem), 13H T —AN IEHZAR & a4k 8%, Hikit
TFE AT PAZA DL i,

o WrtE AN ] B(steiner tree problem), ¥e3% T B KRIENH, HH T — MUk ZFEE AT
T B R RS, I g A AR REAE R — DS T k/NUTIR G R U AU ) v RV

WA, VEEHG W 7O, A BRI 5] £ #1EH.

2 A*EK

16— ) U ep, AR MR B BN 2 T 2 R, R SR U R SR
(H ) B R S B A R 22 X BT e A B RO AT B R, AR
PR SR H — R A A e R AR I T T

21 BARAER

WHHADIRE As, BPRA I LBRAM Jg(s), MR B H bR 1 4d 1
Hh(s), KRB Fh* (5)

Bf(s) = g(s) + h(s), FTLARIHXAMEMY, SEOROERLf (o) RN FPIREST &,
FERRHE A AN P B AT BT A

2.2 h(s)=h*(s)

Mt R E T AERAAS S B AR I, B GEREL f () LIRS &, H
A DL AT 2 S L

ARG, WY BRI T FPIREN v Lok — 215 2k, HiE
T 2RREHTE. STk — A AR R 7 8 — 2B AL TE 2 0 e
1120 14££ I BA 8 3.

RSB N e MEAAY

2015FEBFRMIL 7 PEEXKMMEIEARIE 18
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23 h(s)<h(s)

HEEAT ETRE, S8 E i — SR & R AT A, S8
“%”?m%%%ﬁ%ﬁ
XIS A BES PR AL AR 1 BY R AR HE , DD 48 RS RYE L

231 BARNERMR

Ja RAGERMERE L (AIDA*) ZAFEIER—DNEM, 256 TR0 AR
AUG R, fE— RS | A RAMER A ST UK R A S EFE R, B
ARG 5N i v

EANR PR AINIRE L, Bk BEE P K TR, AR E
HH R FH A 2R R B PR A 3R AT BT L

1A R LEAIRE %, LLﬁﬁﬁM%ﬁ BiHi. B Th(s) < k()
THE W BT RURAS BN B g(s) + h(s)FT DS TF N —ANAT R 8 R BUE, /b e
KIEAMTEH T

232 flfE—

{511 (UVa 10181 15-Puzzle Problem).
+ B B A RN B A — AP R, E4 489 TR T A IS W T A
Fhe—ANERTF, BRTARLEZARTOEA G- BTHHE A TIZE,

A random puzzle The missing Tile moves The missing Tile moves The missing Tile moves to
position to right. Denoted by R upwards. Denoted by U the left. Denoted by L

T RAER DI A B BARKE, HIBRIER T LA LA £455 AR
2| %,

Xt TR A W 7 R R 1) AT 2D A, AR SCAMBIER AT R

AR 1] 8 R] LB MR TR A O, SR A AR T B AL E R =
W BRR 2 2 A 9h(s), AT RS T R BEMI AR T A B IR, th 2 T A
BRAEXS 57— M T IR

2015FERFRMILT PEERMEEARIEX 19
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Hi T2 17— L8 [RE, FrBARGs) < h*(s), T ORAE4520 A H AR A R0 B
HORAE AR DI I PAC R AR A

2.4 Anytime algorithm

WAHR AT b7 57 (interruptible algorithm).

HASRZ A o) A 5 4R B R A A 77 20, A I R REXS B 28 BEAT R I
flith, TR HA(s) < he(s), WEGEA s/ MERIEHE. ARXMELT, %
) RN AE A DLIR AZ & S i) 77 AR I, AT LG BB AR LI 505, 72 L SR [a]
AT BE LA 2L HO

241 flfm—

{52 (CTSC 2009 Day2 N>¥h5i7%%).
N># AR EN? — INFERFe— AN TR ER, BRRBL LT AL T
HAEAFN? — 1NIF S HE R — AP 45 2 69 o
RXEEAMLA, 3<N<6, £1048%4%°

MESHE 1, X—BRRIEEERTTZ, (H25 2 AR Z 8 A
BURE A RA, N ELREAE LR VR AT I ] N A5 BB A S AT LASRAS T 43
.

HAEERM 1 Fpfh A FHIDA &, AT DUFE R (] 3 45 21 A 5N DI A
(IR, BRI Al A S5 L AR RNORS T 1 2 R I R A AE AR K I 22 8E 1Y, 06}
T IR s e/ N T T

AN R RTTE, WG R ECR(s), 13208 A ha(s) = ch(s),
Hrhe—ANE G AR BRI A

FR()M LG, ho(s)RE T HEIT MLl v B S P 8, B8 HE HEEARIE b
R AFIEM N TR ER K, X HRTER] 1 AR A1 R A,

TR ERS, LR MR T, R AN s i — ik
A, BRIEHERERSEYT R, WRIRESFAHEA TREFRERRSES. BT %
)RR T RARZ, Frbhrsr—uk “ 27 PPIRESH RAERITMAKR,
TR AT LLERAR9 ~ 1047

ZEAR G 140N =3, 44N =4, 444N =5, 14N =6.
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3 BRAEH
JARAAGFAR A RRN SIS, AT DAT R & I BRI R

3.1 BUIBRZEHMMBANEFH

BEAE NN B EMTRES I, XN BIEEA. BEY TR EE 07
Nafb (a <b), BATEFAEEIEE AT TG 5 B8R E, E—iEA
PNH IR ERIB .

EIE3L. REAFTREFREBFET —AMAAERZAnHIELEHN, RAR
KK AT L P R 69 3 NRAE R R O(nlog n)#d.

Proof. XA AT I FAN TR BMBIE, H— PR EHEAS 7 —
AN EE GER R, e P SO S5 K T 4R R TR R DA O R ORI, &
i oog M)A G, Wl E CAERA B G T . O

JA R A FE SRS AT LS R SR 25 A R O RE S5 R ) 5 9, thom] DL 3
Je B AR 105 I s

3.1.1 fBIFE=

{53 (HNOI2009 %:%)45 ).

nNA T AEm—AT, #mi gk,

BREENPEGH T 2L R — MGy, REFHPRSIT—%4 %
VBB &,

FAETEHE: n<10°

A L FER Bvector S dE M 3P BRI EUELIIAT T, AZ ST 3 1 3R/
R lvector, BEMEMUGTE DTk,
R EH 3.1, BEREH O(mlogn)fRiE, & JJ4E4 BT,

3.1.2 P

{514 (BZOJ3510 T &p).
Hedp — A AN BB AR, E=APARE:
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o A S ufe By, PRIEEREE A H M
o HF EuMEMMES (XARMNETHEAT S, BRHTE M),
o 187 BT A M E OG5 0 F KA,

JeB B e — BRI IN — A3 R, EO R SR T R T A% B,
HixZ¥sh—k.

HERE PRI, ] DS SR B DR gy, UM R R U,
[l ey Bl ARIEERE 3.1, MM T HIRE O(nlog n)fRiE, AT R 4Ed—
AR SR T W E O R A2 B

32 HERRERBEH

A IR AR RS T7 30 BRI EHEEUNME & IR L R4S
REFHRT, RICHE 3.1 HFM R NO0logn). BARSLHIR, thn] DLE 4
PR ALK A FF

FERR A IE AT LAAE A AT B AR I 45 (0 15 DL T ORAEF B AR ORI, £ — 2]
R T DARE S B A R AR N 1045 B B R

32.1 fIEHE

fl5 (NOIP2013 1% =iz k).

AnART, %51 ~n, WFZEEmFER@ES, F—FERT FRARR
TR, FMAARRE,

RAEHGIHE FE BT, PN Bl H4mE AT EMRETHHFRL
T, RZME5 TR,

AT : n < 10000, m < 50000, g < 30000, z < 100000

7% J8 Hkruskal >R H 5 R AE BOWS, - d5e R AR RSO R %458 B /IMEL B 721X P A =
HEIE ) Vi PR, T DAR A SG SR AR, ISR R AR BEO(m log m + g log n)o

R AL A ARG ARG, DLl I A S B SR e AL SR
P PR A, AR d /IMELATY AT LA IS PR A AU T8 ) o i B B, 2 77 SRl ) I )
EXRENOmlogm + glogn), LRI —MLRiERZ.
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TR A0 J5 1 0] R AT 2 R AT e /MEL, It LAATS SR AT IR FH A8, 1 i) 8 40 21
w BT U R O(g loglog n). # IR L VEMIHET J7i%, X H B SR dH AT B8 42 IR 46
WG EED, W RE R ERT SR Oz + ma(n) + gloglogn).

4 HREBMSHLFFS]

BPATIE D) — Lo fh R IK 7 I RN, EOUL AR R0 I A BE SR (3t s 14 1 1 £k
fiE, XN AT PSS RS ELARR LA o I AU N DAL,
ASCHE PRl —EGCY#, i FR A 4 — R S 7 K.

4.1 FpEDIMHER

4.1.1 DIMERAK

BPA | ByFRRFIFBOLAE R AN T, FAARERBE, PANB)E
NFAFABH R A IR

EIB4.1 (VA 0.

_ P(B|A)P(A)
P(A|B) = B
Proof.
P(ANB) = P(A)P(B|A) = P(B)P(A | B)
M1 e RIA] 45 D13 2 3K O

4.12 FMERRVFIET

WS AR FH M, AFIBR IR /795,
#HPAS)>PBI|S), MIASETAZ, BNET B
B2 RN, R R % i — I

413 FEMRE
W BEMS =(S1, S0, ., Sl SO E 1.
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70\
B¢

e — P T2

{BUE IR SERF AL J I R A B, W] AR 2

P(A|S)»-]_[P(A|S,-)

i=1

i L AR AT SR AR R AT 02K
P(A | S ) TSR] DS i BEATL St B v et R0 R 58 Al

42 fIgE7S

1516 (GCJ Round 1A 2014 Proper Shuffle).

HAAARBED 7 X, HLH1204KEH100009H:7], FAHEPI 2 &

KAANF R — Ay, HiXHEFAR A R 2 A R AT,

A B K AR B X e HE 7 2 B AN F ok A 8y, 3T 120/4NHED] W 491094 & VA

bk E AR N FIE AAC,
AR kAR AR T

Algorithm 1 GOOD

fork=0ton—-1do
ar =k
end for
fork=0ton—-1do
p = random_int(k..n — 1)
swap(a, a,)

end for

Algorithm 2 BAD

fork=0ton—1do
a, =k
end for
fork=0ton—-1do
p = random_int(0..n — 1)
swap(a, a,)

end for

HEPGOODE . T VIAEWMENA KD, MBADHE X0 Rt

2015FERFEMILT PEERMREMRIE
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RIRBRRNBEEBERYSEDNRNA BNHE—DPZ FM
42.1 fEEBESHh

X TGOODELE, 58k K AZ e 5, Hkhr b AT T EU A 2 1 81,
HZ )G A HAERA 22 51X — A

X5 BADSF L, MUK B )AL W B, swap(ay, ap,)Pp < ks X R S
FEa, FE A B B T S m A b, IF B e SRR m i fr b, Xt
B HIAEREAL B A A B 5

4.2.2 —FhiE R AYFIEF B

WS R NWHES, FS)NHEYIS HS,; < iIAL B EL, GCIFIContest Analy-
sist 25 T PL R Gk ids

509 BAD GOOD
4.5
4.0 4
3.54
3.04

2.5+

% occurrence in the samples.

2.0+
1.6
1.0
0.5+

f
o0 (seq)

I T T I T T T T T | T T 1
430 440 450 460 470 4B0 480 500 510 520 530 540 550 560

A R E R A AT LA $190% DAL Y IR 2%

423 FhERDITHERSTSE

WS AR, RAVEERH P(GOODIS), WA ER 4.1 515
P(S | GOOD)P(GOOD)
P(S)
P(S | GOOD)P(GOOD)
P(S | GOOD)P(GOOD) + P(S | BAD)P(BAD)
K9P(GOOD) = P(BAD), Jt AT A A4
P(S | GOOD)

P(GOOD|S)

P(GOOD | S) = P(S |GOOD) + P(S | BAD)
[F INftB ) PAAS 3]
P(BAD|S) = e LB

P(S | GOOD) + P(S | BAD)
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RanP(GOOD | S) > P(BAD | S), HS4S HGOODE L L R FIMER 8 Ko &
B RIMP(GOOD | S) > P(BAD | S)H1%61F/&P(S | GOOD) > P(S | BAD).
HTGOODR LR EMZE AT EHES, ArLA

1
P(S |GOOD) = ]

ES2P(S | BAD)RJTH AR AESE A, TR FRIT U AL .

n—1

P(S | BAD) ~ ]—[ P(S, | BAD)
k=0

N T AL LER M A I AN, FRATXE BEAS W 1H 5L KIGOO DS IE Wtk AT A1 [
PR PR GEER
P(S |GOOD) =

mpk[z][J]jjBADﬁzzmﬁkTk/ﬁuc?ﬁw‘s = JIIMEER, AR5t —
DO IDPHHHE P, J1FE, WEtE2 T s KPS, | BAD)FIHE.
HEHPS | BAD)JE5P(S | GOOD) LRI RT3,

5 T4y e
517, &S A — A EnAS T E MR G % TR S (multiset), f(S)AS B&F A LE
Z g, ELSRIDABTAELES . Sy, #S1+S,=5, K|f(S)) - £S89
£, FRER>F £

5.1 18 B EEA5

WS =1{3,1,1,2,2,1}, FHSRERHFGERIRIS 7 RAEFF(S ) = £(S2) =5,
1f(S1) = f(S2)I = 0:

o S1={1,1,1,2} S, ={2,3}

o S1={311} §2={2,2,1}

SHEAIHEPS | BADYW KRR B, "LBEIEPS | BAD' 51000, HTF&ETiE
MCARER,  FT DL AT DA oA R AR B3 1.0,
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HKBRABEBHBERFERPHINA BHHE—PF F2M
52 —HMENSHRIEE

A RABC T — AN SRR, RACE R, WS R TR TR,
f(S)) = I EREBAAT, BEEEENOML(S)).

BEGS THITRAR DS, XS —MRIUFWEE, ERXHSE
th % 132 44 5 (pseudo-polynomial time algorithm).

53 —ipiE RSO EBE

MIEATVERNIXA W) @R, B 5 2 AR RN GE, KIKE
AN TCR TN LRI E NS

N TS BR/NIEEENT, By LB e R AR e AL B, I [R] 2 2%
FEO(nlog n).

EANEER RS BHAR, T HBRAR, HELIAFH S K
FEAFAE B R TR

54 ENEZE

ZEOY FAFFER AT — 1 PR B ST O A R G, s AR TR, UL
R TIRKHIILAL.

541 HEAKREE
N5 Rl — 80k, ZonOBERRFR D R

FIEXNFFIATBY, BB EX,. YIRBIAFEEN, WER7E
SR R B Z R RN, WA TER T DX -y, wmE:
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I

xR BN, Ve DS SN E R £y, gt AT IR
e

] ] o

HHTRIBRT — 1 S0 B, B R R IR PR BRI TR
NX, CIERRERITTRG RN ZESENY. T TRBNBDNEEGXAN A,
I THEX FYEHNX - Y|, MERATB XA FIR AR 2 e A BB 1 78
2, PRI AR AR

542 BEERE
MR 250 AR, ATDMSHE — /NS, B BRI SR A A b,
o HELASHHIFTE LRBAYET, FEEFFN TR L MMIES,

o NHEHIUH BRI TTR, WX, Y, XNIFEETRNESS Sy
R RS, BIX - Y TIAHE R, R EETEIHEESx Sy, ELRHE
FAUE T 132,

o LHEP AT T LR, #HANT B, BWESRT—P.

o BUFEEMEMMIRES (TG, HEITE MR BIRR HAR I K 77 B 4
Fﬁﬁ%% ({%—) St %,I“—) Sz)o

1% LI A B S I AT DAAE PR A% e A6 PR B 2 4 B AR K BE R BB, B BRI AR IR A I
RIEO(log n)B
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HRBATNBEESESZEDIHNA BNHE—DS E2M
543 JEGR

XA FIEII B B A N0 logn), 2B BRI, BTl 3R EFHELEE
15 H R 2 S .

YA T/, B #n > 1000, 5F T BEHLAE BT ELEES (S, € [0,2%1),
ZEERE LRI 100% FIMEZERI 7 AR BS 1. SRS 1) — f(S2)l < 1, WAk
FEf(S) RTINS ) - fSI =1, fS)ZMHEBUFFS ) - (S =0. FTLLEH
XA FE I IE R A 24 & 1

FERIR /NI ] DUR] A BB s iR 3, 3047 78 R U 2 R TR AR
1 fit

5.5 fHIREI\

{58 (POI2013 Polarization).
B — A B eA, e L EFL R EeL. B T AR Ry,
W AR, v) Hy bk ote KA & 7 P Ak BT SR 6 R M A R KA
HAECE : n < 250000

5.5.1 [a)RRgE{L

WA AR N, bR ME - 5E N - 1.

X T RKAE, AR REATAE A AT 1 5 B A A7 AR Buff
12, BAFEuRIE AR, BB 0 5 e IEBE R A 0

Chu AR 50 A T W, 0 R T At A A X 2 R el 7 B > SR 45 i
NP PN

552 fBgEmMMHEZE

HERBIXEFS) =n, FILLEARBICEFEAHGO(V) #, i ZEE
A3, 1) fB,

ZEEORLH NS, XEANEN A

i 8] & 24 2 O(n \n)o
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HRBATNBEESESZEDIHNA BNHE—DS E2M
553 IEMLEE

B B AE 22 0 ST S, eIl 80% M Bd, I B RIAE T 24T
RAEDI, AU 2 R B

ATRUE —ANBIE, A TMAAEUNTFRABIERN, RARIFUEE.

%Lﬁﬁ%ﬁ%FﬁTULﬁé%Hﬂ?ﬁﬁﬁ,HEE%Wmm%mo

FEAR G AR SR AT R R I FE AN SRR A I L Sk, X B 2N
T U > FIR RS A5 AR AT LU

6 B/\HFIB4hi o) ER

W9%mf%%ﬁih@G=wmu&f4%@&v%%@G%é%,E%%
RGHyin%E, SRV —ANFTH, K—AFBAT = (Vp,Ep), RS CVpCV,
ErCE, |[Ef|=|V7| -1, %&ﬁ»:\%ETﬁmﬂﬁﬁnﬁd\o

6.1 —MRMUEZE

BN R A 2 B RPIRAS IR 48 5%, AL N B IR N AL, BRiE S
D25 2987 1120144 I AR L.

HEIE 24 O(V) 381 + |E| 29)), X0 — MR BRI, (H2 A E M EdE
JE IR/

6.2 —HhfERpsLEE

A AR T 0 B ESR — BRI R, RS0 B doe /N AR B 22
32, BIFEANTZM S JEIE PR R AT 52 TS AT REH AN L
RAFIEAAAER KRR, 0T -

x/‘\x,?x/\x

@
B,

WV =1{A,B,C,1,2,3,4,5}, S =1{A,B,C}, x>2, H#EXH LR LERK
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LT

B G RKIAENN T -

6.3 BANEZE
WRAE LT AR5, W] LU SR EEAT — S X (et

6.3.1 H—THHh
TEX N FrR, B AR A LR 27 LS 3 R 1

2x ,F' 2x
!
@

XF I K I e /N A RSO 28 T DAAS B e AU, (ELRE D 1 8 il B — AR Ak
5 EAER T BAES S Rt A B Bk

2x |§| 2x

st At B ERR, AR A
E xz-:; E xz-:; @

BRI, B x + 3HTLHZE, P DAAE B e (i A A= s e
HEREEE LGN
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N T RERE e, T ke 2 G, BT A RHESS I
s JABON S5 B ) B R A S

6.32 BEERIE
St — AR S R A4S B R R
o HIEEIG = (V,EyWit e 2 EG, = (S,Ey), EUBCNGH BRATHAC L.
o BRG RN EBMT, CURA 2N B — ).

o WIEGH— N TKEG, = (Va, Ey), HHV, =V, EyNT\H TG [1#81E
CH A 22 2% BRI U o A B 3 — 26 )

o REIGHERNERMT, (WRAZMNFEEILEFE ).

o TET,H EHCHMIL, MSEM T S EEAS T IIs, 520
BT

AT EE R DI ) R A R
o WIETEAKG, T LTS PRI, RIFO(S||IVP) .
o RENEBMT,, A EEEMPrimED:, EZEO(SP).

o WG, FALATN NP ERERAT RSOV A, HETHBKE
HEFIZO(V) .

o RE/IMNERMT,, BIREO(VAHEO(V|log|V))-
o MZETHIL, BHEo(V).

AUV XA IR IS AT RCR 0 @R, eSO -5
SO O AT AU AR B FIER .

O] LI e ) B B R — DA R
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HRBATNBEESESZEDIHNA BNHE—DS E2M
6.3.3 IER

Dy 9 F R FE AR T G T B, Dy o N AR BT 019
SRUR, RSO HTAH 22 f E5R

S13R6.1. & F—BRAm(m > DFRAGMT, TAESR LRI —IK, ug, uy, o, ..., Uoy,
HEPuy = upy, HFANAEUO0 < i <2m) FBATFH—ATE, E5F (e, u)(1 <i<
2mET P AL, HXARiHA AT R :

o T 69A 5 3R P E4F B K,
o THMHEATF R EAFFT R HIA—K (RFEu).

o BiRuAou(0 <i< PRTF AT TN R, BRALETTH 2yl <k <
]), ;]]z //\Mi,l/li+1, ooy Mj 7%T _J’_é{:’"‘%%f;ﬁ $E§"f§o

Proof. 3&5E — D miAF MR miJE, W THEAT BRI P J5 15 20 1 B 096
A IR PER.

EI6.1. Kleaf A DATIZAM Ty F ot T 294N, N

br o 2(1—L) < 2(1—i)
Dy leaf 1S

SIETE I LA P 2677 Tl AR A Tl 3 AR O s AR R[] B
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Proof.

B Rleaf <151 FIEAEHR2(1- ) < 2(1- )

FAREI T 6.1, T LLYE Ty HAR H—ANFRL, WFRLIGIARIND,, ND, =
2Dy

FEIRL 1 3% P f K 1) — 2R 709 ) (9 T S B A I 25 5, 4931 — % Bk A% P,
i%%ﬂ%mﬂﬁﬁm”mgﬁmé@_ﬁﬁmjwmézojﬁﬁmm

ﬁ?T$%ﬁW%ﬁWT%E%%,%umSDWEmhsquﬁﬁmm

O

EIR6.2. &leafH m DAILAM Ty F et 289 N3, Bleaf > 28F, RKIRF L
"F

D
LY PR
DMIN leaf
Proof.
A FEMIEEIG = (V,E), V ={vi,va, o Vieapadr S = V1, vas oo Vieas}),

SR IR
2 i+l=jand i<leaf

dvi,vj))=q 1 i<leaf and j=leaf +1

oo otherwise

WMRE, V={A,1,2,3,4,5), S =1{1,2,3,4,5):
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BRI Togrn FRIHE J A T -

X FERIE R, HEE R T EIR

Dr  2(leaf -1) _ 2(1 _ L)
Dyiv ~ leaf leaf

6.4

1510 (2015%E 1)1l B\ ELill Marketing network).
%dBG = (V,E), KAtk Eligtk, &R EES £ E RS T &l
HAETCE: |V],k <50, |[E| <100, |S|<15, B&yi#, AAAR EESHIE
LA PR

6.4.1 ‘mMUEE

X T EBRARAR A, AT DL A RE SR

Al AR B3 5510 2 T BCR R RS, R I e T — 202 ik Hi

I FH AT I 00 (IR A8 R 48 SR m] DU B As) = e (s), RROE R RAIRE Y
&, HTESRIZERB, BT LAEOMm) KA ROk 5 GE 48 2 — A A ar i AL
RATAR AR R 74T Okn) IR A A 1 5

XA VLR CRAE IR AN ST B, (HSCRIIK, JEA R AT A s v
.

6.42 IEMLEE

Ak sy FHA*EAE, 3 A AT SR B R REEAE RS, (B () >
h*(s), BARREMLTHH A, (HRAREA BT HL.

2 EHATIE WAL AL EE, %5 — AN e, EchHITE N (TR S%, 8
TN AR PIRZS, B I8 85 Ko nl DL A2 4T 808 A IE R M.
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BB A RS S B R D HRA BNFE—P T
7 Bt

UL PR 2 AR AT 5.

U — R IR & 0, SEHERZ N, ARZLAEZ M. I el T % 4F
KEGT RO AHE o

T [ X SR A B R MBI IR VR R 145 2

YRR AR AT 0. BR AR (Tar IR 22 KO R 3 B

RN — R sRIERE, EXs. SOBILR A R A S K.

SRR FLA G AT I 35 B 22 IR R] 22

S 3Rk

[1] Wikipedia, Heuristic (computer science).
[2] Wikipedia, Partition problem.

[3] Wikipedia, Steiner tree problem.

[4] L Kou, G Markowsky, L. Berman, “A fast algorithm for Steiner trees”, Acta Infor-

matica.
[5] 22T, SARAE MRS —— SPFA BE IS5 R, 20095 YITEA 18 3.
[6] Ja ik, ARG bR B (5 B 58 3R U BT, 2009 £ I A1 3L
(7] @i 70, SPGB LR T35, 2014511 BA R 3Co
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FARSITBLEB VDA BAHHE—PF TEE

%R T R LECRY LM 5

2]

E

T R

i &

FHBERFAAZEFERPHZEPIA, ALK TiX L A0 E k3
TR, ALARERET — Ry AEHflEL REHEENET —
AFT B0 F 55 B IR B4 M) Border Tree, 4 7 — X F 44 & I B9 4 4938 7 R
ko AXPHMEFAREAHRALA, 2T EHEHE .

1 5|5

TR R UL 1) B2 5 B T SCAR g b IRAE AL TR R AR 3RATT,
VF 2 U b R ik — R 2R, R R . R E AR IL
C i) 505 2 T S i) R PRI ABE AR, AR SO 2 0 I S ) i ) — BSR4

FEARSCHIZE =i, R T Z MR T7 (8, Foxt— g 75 5 (158 AT
[l ot

IRJE AR S e — Be G MR HEAT TRl 2 5 4. AR SO R e 5 Wy R Oy
NT W BISERMEA G S Rk,

FEASCE =T EE N B — e SR MR B Trie, KMP, AC H3))
Blo SEPUTT Al — R 8ERE M. R, FEBA,. BRI NENEE
Bl R ETHEEH SN B AP Border Tree, FH3AT VY
Mo BERNTTHEE R SIET ERATHE Border Tree 1t H — 57 H3 ULHC 7] /1)
GRS P

FErp B = AR DU T TR i N A LR R, A e AR DA B AR BB S
CAENH, FrUA/EE XA T m gy, T — g d i m @i gt 47 o i
o

VEZ 22X TS T N TR RE IR IR 4H. H Border Tree 5 HLEUH
G50, TEFSIRE— RN L] K, A R 7] DL4R St 7.
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R SR BILERE0 5% BNFE— P FLE
2 ENX
N T ZJERGREITTE, A e X

ENX 2.1 (FH, Bi%%, J54%, Border, LBorder).

T NKEAnNFHFE 5= 5553...50

HF1<i<j<n, M sisipiSiman.s; B s =T &, Wk sli: jlo FAx,
Ri>j, MWsli:jlRkT=E, 0, 2FELR s —NFF,

SHF1<i<n, #Rsli:n] A sG—ABEK, T suflil; & s[l:i]H sy
—/NAT4E, TR prelil

SHF1<i<n, mRs[l:il=sln—i+1:n], WA :i]H s t9—A
Border, 473, =% O LK L —A> Border; 1 s %9 Border ¥, #rsm K&
Border 3 s % LBorder.

HA AR preli] 49 LBorder 3 LBorder;.

ENX 2.2 (FE, B, FIARKEE).
WH—AKEAnFHE 5= 5553...50
do R & s 89 LBorder K& A L, & s[L+1:n] #-4E2 s 894,
de R 2L >n, A s BAEARANZFIE,
R s BRBIE, RAMR s BaGEGKER BB KA,

EN 2.3 (EHEH).

R EANAERB—AB s TE (k> 1) REFEN, 2t RELS,
iwH sk

B, TABR-AHHROGAB,

3 HIRRMR

FEAS BTSRRI AT SR LA T, A — S A MM S R AR v ROt A H
AT S8 A5 SRS BN 77 3 PUR VLS. FEA SO, JRATTARIZ AR L Dy il 4 2K A
Fo FEARTI, A 3 FETSEIME S LA T,

3.1 Trie
Tire j&e — PRI BN, 75T PRI Z LI,
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TR RESCRPN 22 MR AR R AT B IR AL RE M Bl &5 4. SR T BRI
S8 SCRIRE 3 7RIS VE IR [l 2004 46 (1 S I BA 18 SCEHE 1R A2 2009 £F (1 4R Il A
W

TR RN, BRI R R AT, IEMRE A AR BRI
{230 I HEF, BERIE— R s PTRL, BRATAR T BE B RARR — A
# s, HAREIRIIE N 0,

WH AL, T 2 AR VLG, SRR A Nt R e, AR R
PR E S T BUR BLRRAM R AR ER 1 AT SRR RE A 3 BER R — A i Rom. B4, B
DA PR PO A J5 i 0t A e — 87 455 A DL G R AL 17 B, RO T 54
PRl S AR Bt A IR TR A

R, AEIRATE L A7 S a7 R 5 BEA .

3.1.1 fBIER

f5 1 (USACO 2012 Dec gold 2 First).

L n MR DBEFEERGFHE, FIiNBETH s

WA, 26 N DB FEGFHINFIEE, FIEA S LT GRAE L FIRNT T
A TR,

FHBRIENE L,

FAETEE: 1 <n<30000,1 < F5 %% KE <300000

BFfk: 1s

SFF UL, ALK o A B R, TR AN, R R R
AN s WIRFEALAFE § AR AR 0T 2 37 e, A e
WRAEIX n AN REA AN E A s BRI, HORESRTER 2 A j s 4E b,
B — AR AR EL LY A2 00 At 75 1 2 U 7o

WX FREA R, DI R ok, SR 5 I ix L fR e R 2 7 JE
HARSZOL R, oT DB PR GIE B &G i, REHBX KA ERGSA
7

I R I 1) 2 2% P R 02670 + 26 x T4 B3 MK ).
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3.2 KMP

5 Rre e o B 2R N 3 R U AT ) 1) A, E 58 R R VTR R
SN ARV, WERAHZEMI VLA R — AR/, B2 H A AR 5 115 0
BRI AATT 2 T B ) 25 FR R T UL ACAS B, SRR DA B R — S A =0 1 5 —
PTG EHUCE, fEEAHEAT, BB EHLEH, g BT AEfl. X FhfE
b 3 A TEN W USRS B A, 38Rk T ORI R 9% R R R DT R KR

A LA KMP SR s s 5 3 B ICEC 3, KMP HikBiRiES
DR PRI 2004 =AU o

TN T4 H A 2 A R R B AL s

EX 3.1 CRACEA).
FE—NKEA n KX 5 = 5,553...50
4> next[i] = |LBorder;|, F+#F next 4R s 69 K B i 4,

KMP 535 0% O AR 8 Se e AR 0 e h A B R R B AR JE X T £ 5
MRPEAE T R B, A DAV — 4 Wi 2 R SRR TURC A K.
W KMP S5 R 8] &2 4 B N2 .

3.2.1 KMP Bzl

B next BUEHJG, FTUURIUINRAE next[d) 17 i A )5, Bk BB K T
—HMln+ 1A R Hh, 05 KO8R, @ 5 RRIRON pre(il. MRE S i B8 1E
ERI S all - i) B Border. 152, HURT DLARYE X AR £ A4S 5 RS 2
M, RGN AT R H R 52 GEUL RO H JUA. £ SR LGRS,
A AT DRI A B AT PRI T RATHE EIR S5 MR A2 KMP BB

KMP BN EAAR ST UL 1 (B 58 51 00).

322 IR

{5 2 (NOI 2014 5h¥yl).
BT A%E, BAKBELE—NKEAnEKXE 5= 51553...50
& s[1:i] 893 = Border ¥, i# /% 2|Border| < i %) Border 3127 num[i]
Z KK B num 4,
FAETEHE: 1<T <5,1<n<1000000
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B R 1s

— RIS VR, SeEEH next B )G, AR next $udH, #H KMP
B . TR A, RATH T EFER B g BF 200
A AT RbR T R R BT AR TR BRI, BB oty 1. il
T next ZUAL P T R 28R 1. 4 M L T ) 18] B2 4% B2 O(Tm log n)s

3.3 AC Bl

AC HEWLF] LUE Mgl Tire M1 KMP H S A5G BIRE 4. 1
#AC BEINLEN T2 MRS Tire, RJG1H KMP HBWHL—FEEH next
B A AR B . RIS nexr B ZE N Z AN EH), ANFET KMP
H AL next £, BATIRAE AC BEIWLH, 5 KMP BINIEFEH next £
FIREIBE Y fail B v CURIAE fail B, BEA S i BRRER R — AN ve THH
TR R, BN RRRIKEBEEE v RAE. T2, BRI fal KR
AT AT LAY RS s R 4l 70 SR VT RO, 5t mT DLE i 5% A% B4 AT Pkt
VEFL.

AC H BN B T 2 WA EE B 2004 4 HIEE IR 3L

Wi, AC BEMLELSE S T Tire M1 KMP AZWUITER, REffth B E 1%
A E VTG )

BNk, AT — AL B A PR R AC B EhHL

3.3.1 fHIRR

15 3 (Coci 2015 Divijak).

—FARELE n ANFIHP: 5,5, 050 AANFHBERET, T —FiL
=09,

B oq NRAE, B AR

| QFHFEELST PRO—AFHSE p
2. BF—NE s, FIEETPHSZIAS, 155, RETF &,

Kosumy AT FEIFHER, sumy =YL, |sio
FHADNEELF
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FAETEE: 1 <n,qg<100000,1 < sumy, sum, < 2000000
Bk 1s

H X T 51, 52, 83,0000 8,0 FTRLSEEEH AC HENWIORIG 2 fail BANFEEAH.
WAE fail WA S d; RoORHIERA 50

FENOR, MERAEEAT — 2. X T#AE—, "TLLARZFE AC BB,
EABLERER A p BIRIATE ) RO — P th. X T#AE =, WL St
AL fail AT d; BT B FREL. X TN, s n st AC B3
BLEIPE PR E AT B

SERRSEEL, Al fail M dfs IFRTTER. —ANEANERER: BT
B BRI N B dfs PR — D IXTE, IBARFRG G f5, ZAAS1H
HERANBER R, Hdfs FRIXEBAEMSIM— X THEZ, it
B d TR 2 dfs P EAF 2 —ANIXTE], S35 FRCIREU St X TR AUE
HIRAT B Fe

XA —, R BRI AEAR, BARMSCHLE: R R g A
FHoR, B SEUE O(p) ). XTIXEe s, eIelRE, AEHR
W dfs FRHATHET; Tk, A SRBUEN —, FEEMLA SR
A (ea) AEAUE L —. £80d FiR#EAE, BLeTLUw2: £ B+
B, WRA GRS, R dfs BRI R E 1 PG Tk, 132
FAT LAGE A R )T 25 R B b PR A R S

TR LR T ATE OQ26sum; + sumy log sum; + sumy log sumy) ) 18] & 4%
AR

4 REEME

FEAS B TERM PAT R LA R, e SR IE A B AL, SHTE
KA LR, Ja SRMRE RAT E N mm A2 0%, REMEE IR 2 1 el i, 7
AT, ARICRAG 4 MR SEREIR S SR TR M. JE Sl N E A
IEEASE L]

4.1 FEEHAE
JERBA TR A AR F B E S, &M NE S
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TH, AR FR R A2 R

Ja S A% O BB T — MR b, 48 b R B G SR R T
JFPHET, H sa B dsk. HA sa, Ron: 1E b BFTH RS T FHITE i M
SR E . MXTHL, EEEIS R — A rank B, rank; Rox b BT sufli] £
sa FAF KN E. 153 sa B rank B4 )G, & REE T 5 28 B4 /v L 28
W X153 height 02H. Hb, height; RoR sai_, M sa; XN G R BREK A
HHTZ (LCP)RIKE. IEH] height 24, W H Sachrh S —2e ) @, than, Kb
RS H I LCP 455,

R R AL, AT LS A Ak DC3 k. HlTREA R, &
SCELAVEA A 40 )5 AV B AR R RIS T, AN E T LS W &
2004 FHIER I BAIR SCEL D FEEE 2009 AF A AR S,

PR R, ARSCHATT 6T Ja S5 3 NG in) UgEAT 31T

4.1.1 |o)@—

B 4 (A ILHTED).

L —/ KA m ey E b

B g AmE, FEAEEED & EABAANTE O,D), FEAANTEGR
KN ATHR 8 K Ko

P IXANE,  ATRLSE S S SRVEAE O(mlog m) WIS R] S 2% B2 AT H b fi
JEBEH, BRI sa, rank A height. R Ja %t TR UG 18] AN TR K LCP,
A DB X A F RN BN AN G 8. SR X AN G40 LCP, SR JE X |b]
FU 1) B min HERT DA RIE R T ik m AN 1 LeP, AT DAEIX A
Ja BN LB sa B L, MRYE height KUK R, 48 i) U AL N TE height B4
L) rmg W8 XFFAE height U4 W) rmg W8, FRATTAT CLAGAERS 0] & 4 5N
O(mlogm) WEEH ST 3%, KX TRA A, £ 0Q) W 2R N E 2
%o

XTI, IR R () 52 442 O(mlogm + q)e

412 [a)RR_—
5l 5 (7R PEA ) ).
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%-\&:"‘/]\’&}%7‘"] m é@$ bo
H g /NEE, ENEEAED B ERFERANTE O,D7), A s=bb". PP
SRERD$WTE, WRRETHE, &8 —NESENELE,

Sof 1) R, RT DA F A 4 VL AE O(mlog m) (IR (8] 52 2% B N A BB b 15 4%
B, 1525 sa, rank M heighte SRJGRT LUK, WHERE s 2 b H TR
Wi, WA s AT LRRN b FhE—NE R T2, mAeeimaLl p
RS I G AR R, MR sa BB X, AT LUK IR L8 f5 4050 B2 sa 2L
HERIES—B, X —Br Ll — a3 3. IR EAE XA X A R 2] — A
PLs HONTTEME S HT sa BRI L 5 S8 777, 84 XA B
WA FIHF, EXANXERYkE: 5, FHU s FRATENER. £ 51
e, FILAES G rank BUHAT LCP SR AT P FIWr. B TAERE —h, &A1&
AT DASZFRAE O(1) IR ) &2 2 B AT LCP BV, B4 43 Bt i) 5 4% B il
& O(log m)s

L IRREIE A R AR LA O(mlog m + glog m).

413 [EIfER=

511 6 (IX 8] 5 A HT SR 7] /).
B —AKEAHImWS b,
H g AR, EAERAE D B ERBE—ARE (L], 7

m:alx LCP (sufli], b)

XF I ) @, w] RL S F A VR AR O(mlogm) WIS [RI & 2% B W40 H b s
B, 1BRNBA sa, rank F height. X T 3L, FRATA LA X REAS i 1HE
LCP (suflil,b). T &, ZBEEMWE T rmg 7@ 7. HaE— R, 07LUGAE
WA S FER O(mlogm) WHEH ST 3R, SNSRI, 7E 0Q) B R 5 4%
FENITRE SR A TIXA WS, FIRERIR R 2 52 O(mlogm + ¢).

Ak, IR A — AR FRATT AT DAFE U 55 e KB B[R] e o e KA A
o (HEMREG R KRERANE AR ST £ 7. AT LS 51
KiHHER, 1E O(logm) WIS A] 52 2% BE N 56 BOnF BCH) e) i TH B IX Mg i
i) 52 2% FE A2 O(mlog m + qlog m)s
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s Ap etz U O] BE ymbn BNTHE— % FLS
42 [N

JE SR AL B AT R 2 BE A . e B A PR R, XA
KN m 7R b, MR ERIPTA RS E 7R, e 1 b &K )E 8H
To BB TR TR A, RN R RS IE ] Om?) H3), P DL 2
ARG W I AR AT IS e SRR B — 2RI R RoR — A7 4F, BUE LR
FFR— AT . AT UKL m DR REMN R 8 P s, A
AR LB A R O(m) 225 7. T Bk, mhiddere s b Ehn— &k
75, - BREEGE om?) MR R, R HE AL T RATER LT
If, BATE R AR SECN Om) ZONKIRSN T .

KT I B B A B R 5o A MR 3 7 V5 TR 2 AR [l 2004 4 HI AR I BA 18

3o
AR 2 5, FTRUKIE B35 8 sa BgH St 2 e 20 )
dfs WP, T, s UE ARS8 @ e 88 1, A B, e
ZRACA BE I 1), 28N S T ASCHRE IR I HLAE R — 7, RSOt 4
— AR BB E BT BTN SR A MR T LLEE R, AR
T, ARSOANKT Ja SR BEAT 2R 0 B T A %R AN T AR SR S AL 4
St A AT BRI A

43 FEUAE

Ja SR B FLSE AN 5 S — R SR A T R S . HLJS S N A )5 4%
PRI, R —APPIRE R, EEZEM T, BATRICAL I — A LT i s A
LT &I, BAEFEZRMANES, BAREFENEN T4 R85 - DMLT &
Is BT R ERARFR L

TR @RS, TR R 8HUH, RIERYE sa BT height %
R E S AE sa BT P MR I RIS GES— A height B RIS X+
FRMEE BRI E i, 10 sa; F1HATER TG R IEL,

T RIEA R, iR 0 R IEA SR I Bt AN TR, ST JRgHl A
EREARMERTE S W ENRE, ARBAR T 2014 FHIASEE R,

Mo, WRIEREEH, A ERJERANE. BTk, BHREANERN
€3G ATBURBL, W RAE 5 Sl N B B R W EARSEE L AL E W, 5 R 15 2
J g L, R AR S AN B L RN s L RO B, T DURR 5
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RS BRER T o 1 HIXAMRGE 5 S B4 5 4 Al N S A 5 I 28 1Y
T3 A 1) 52 2% EE R R

44 BEREIN

Ja 28 B BIHLII A S — R 7 ()5 2800 i TR S8 2 T BE, BT EA
R B AN SRS 2 MR SR AT YR T, WS RIE — MR ERE
AW oy — ATk AT RSB R SR A BB, AR I8 )R S B Sh L e SR
AT LB G B E R A Sl T RIRA R, T RS A s IE
AE R HTE S WBEAL S 2012 F &L E S i3 Tt

PR, ARG MR S PR S 4 S L.

4.4.1 fHIRRn

5 7 (ZJOL 2015 W1 & B L 48 £).

iR n AR, A SR AT

FRERAERA S xy, T x 21K y 5545 1095 1F Hiide J WU 47144 51
—AFHE. R EE ST FEE, AR AFHE PSSR
ZICES 2

FHEG et F AR ARE 20 A, FHE KD TRARL 10

HAETEE: 1< n < 100000

B Ls

FREEINME. BT RA 20 AN, BT CUEEEN 7 22 (8] [ 74 S 2
K, PTRAKRIN, W (B A R RS R AT R B — Ak Bk AR, T LA AR K
BHEDP— T XN Frel, 7T RAEIX 400 N5/ 8 @58 H sl A5
EJE BN LR T AR RN BTN FREKER Om) HM,
4 R LI TR AR B2 0(20%7 X 10).

AR, AT LA RS A T M AT R e FEIX AN AR S, XA
I~ 21 At BT A - 22 18] 0 A B R AT o] DU ff R B R R ke [y 1 — . R
2y AT UARA RIS AR KR o) Z 1. IR (A 5 44 B N
0(20n x 10).
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5 Border Tree

TEARTTH, R SN4H Border Tree IXASHT B AT 45 M. IXAN RS54
T KMP BN, fg s 8t A3 — I8 B pi A DLAL 1A 8

BRI R 2 KA m B E Do

WARAEER b KMP B3IHL, A4 KMP B R IER B2 AT LLELTE O(m)
). Border Tree & KMP BN AL FR, & Reild & 9 — L m AL A
MIRTEE, A1 KMP BN IR EZFES] O(logm). WEUREA HFRIIF
JER-—NATRMm A —HATE 1o X—HATEHA—A Border Group.

Border Tree AR WK 2 (B FEEE 52 ).

5.1 Border Group

Z b1 :i] (1 <i<n)l Border. Border F1%U&E & v] LLIE R OG) 2,
filtn: b[1:i]=111..1,

i1
WATFTFEE X (5 B AR EERIBATICIXLE Border 47725, 8 b[1 : i]
1] Border /R REHEHITE O(og i) I .

E X 5.1 (Border Group).
b1 : i] % Border T VA% R4 2|57 g:

g = [B1. By, Bs, ... By| (1 < gl < O(log ))

e b[1 : i] &9 Border 3R K F i RHF, A B, K GEL G —F Border 19
F3le FEZHZ: £ B (1<i<l|gl) Nt Border &t B;,, N4y Border K.
HE ¥, B, W& Border 734

7 _ki r.3 1 2
[71'71' eoes TUTT ﬂiﬂi] (ki 2 2)

it [t B4

KA

[ﬂ,ﬂki o T T ﬂgﬂi] (ki = 1)

iR B[l ] B —ANATR, i R b[1 ] A
AR L W AR B; & Border Group, #% g 7 BG /3%.
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DH

FARSITBLEB VDA BANHE—PF TH

NTEE MR B A R Border Group.

f5 8.
1% ¥ b = bababbababcbababbabab,
AR AT VAR ILA 4 A Border: [bababbabab, babab, bab, b].
H P T Adeix 4 A Border 4% 3 % : [bababbabab], [babab, bab], [b].
HEFP B —£XAH: n=bababr’ =0, F—_£AH: n=ab,n’ =b, HF=£LA4:
m=b,7 =0,

WAL KMIE BG 75 g, HFEEEMZE: H Border Group 1A 1] Border
SHCIEA R 5. 8 Border Group EP ] Border &AM FIK »* fl o H
IR :

1. & n'7* = LBorder;, 275 [7r7r o' 7171]7][])\ B

2. & s=n'n. & s AR, A s AN B, HHE s ) LBorder 1£4
B, WEE—A ek, BN s 5N B, FH— NIt K.

3. Y Fl ) LBorder [FII N O BIR A5 25 SR A4 i

A PURILIZ AR 38 7] DURIE 1 < gl < O(log m):

Proof.
R85 2 0, W s ZEE, B4 s & TF—1A Border Group [ —"
JeF. RAEE S, BATTLER || < I, T Is| < Z|ra| & >2). HTH

k=28, 2 | K, TR ke H [s] < 2 et

B s AN ZFE A, A LBordery &~ — Border Group E’J/El%g/l\jl:

. MR LBorder W€ 3, 2’LBOrder|s| <|sl, XHEH|s| = , Frid
2 |LBordery| < |7r’7rk|

m, mi| < 2 .77 , BT PAIXFERE AT PAARIIE 1 < |g| < O(log m)s o
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5.2 #3J3F Border Tree

X T #y% Border Tree, EHEMEN KMP AL, AR5 B SIHLH IR
ALY, Border Tree.

K KMP HEIHLE S WA SCH =75,

X KMP BEIHLREA i, 8 L= =J0H (x, yi, 20):

Lo R b1 - il 2 AWE, Blbl @i =27k > 1), BA xnynz) =
('], |=|, K)o

2. QAR Bl i) ARSI, BIB[L il = 2'm, WA (i, yi20) = (), I, 1)

3. MR b[1 ) ARFRE, HifF—DNILT j, Wiz =2, B4 xynz) =
(Xj,yj, l)o

=, AT EH, REiRZR2H-NILTj, Wz =2:
EIES1 ANERARE s=b[1:i] —2TEABANRVALN)LT R A S,

Proof.

A I A

B s AP KL ULERLT R IR, W s A7 DURRSE € 19 58 9 A5 30 5 )L
T Rl s=mm = nhmy, WL |Iml < |ml, 7] mod || # 0.

K924 |mol mod || = O B, s —ERERARN mynt (x > 1) MIER, T72 s it
e SRR T, RERAT E EF

B d = ged(ml,\ml), BA s AL -FRRT: s = ajms, Hf
|3 = do
TRA¥s 2L |l mod |r3| = 0, TREFIEFAIRATRIZATIE, B MR BEA B

fir e 1E o O

Do

o
A\L’ 25

T (i, i 2) & T DA I 3 i 38 2 PR SR 2% E 11
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WX ZRIRILEH) i 5E BNHE—DPF FTBE
U s, X A I — FE L R R, AR Border Group H I E
A,
X

15—
X,
= |n| = i — |LBorder;]

= |n’| =i mod |r|

= L—J

||
2. S UBPIE,  XFIE R = I S AB K (g, vis 7)o

Hodr, 10 AR R UAE T 48 Border Group 11 w'ne R4 H—A
17 R H A I =

19

i% ¥ b = abaaba.

AR (x3,y3,23) = (1,2, 1), 28T (x6,¥6.26) = (0,3,2), TR (x3,y3,23) B
BT (0,3,1)

%IEIL:E)E%E (X,',y,',Z,') QEJ:FZZ}TO

WAECELS T KMP AEHLR SN m— A =0 # R, RATE L
o S IR KA1 Border Trees

X x;, v BAHE ) &, #R3E Border Group WiE X, EAETR—Z, #H
TRE 7 B/DIIBAS S, FRAETRAS S il X B A . e, iR —2E S
BRERRN n W, BAREZEA A, SURERER RN o2 B .

B B&d— R, HtAT AT Border Tree # R T . #id K 2 (KA 1E
%52 10), WA LLE B % Border Tree o

\T

=

53 SR

Xt¥ Border Tree H AN i i #EXI L T — Border Group.
XA Border Group 7] AR~ N :

r_li+1 / l+2
[7Tl7l'l,7T7T T ]

ESEBR b, X T8 i, RPN B SR E Border Group, FEAREHE
=27 b[1 : i] ] Border. RINCAEILYEEFR T o
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BlanE 1A, b1 : 7] FEAER b1 : 13] i Border, {BAEF 2 ] Border Tree
L, b1 7] R TE T 3 IR, T 3 AT 13 A, TR A 13
AR

W fali]l ®7N1E Border Tree W 5 i WX E. 1E fali] X/ Border Group ',
all : il ¥ Border 7~ :

v i o L+l s

[nﬂ. it it

Trl

1“7

! X
""’ﬂ.iﬂi]

HA x = min Zperiips 7)o @newri) TEWIELE KMP BN, £ i BI5L5E next[i] Fir
X R = Te Y 2)

JT LA T AR b1 - i] ITA K Border W, TFEXT MRS i HBRAE A sk
IS x fH

54 fF

BLH b = babababcbabab. Hi b FIKJE/E 13 NEIONA b ) KMP HZ)HL
H A Border Tree KBS ASKRBA NP HIA 14 D5, WE RN S5, &t
{8 Border 43 2K J5 il Border Tree G2 A 10 A5, BN 3 HIM 7. #i&
Border Tree I, B 1 "I IRH i gaiEek, el DL B 2 R IE.

abapabcb ab ¢
ab
@/ 4
ba
aba P babcbaba
ab
@/ SRORE
abchabab
A
d 7

K1: KMP AzhHL
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K2: Border Tree

B AT DURSE R R E AT KMP (1 S1HUR Border Tree HEAT Hof.

KMP BTE#\F0 Border Tree F &N S BIRTS

M/ | KMP A3 (xi,yi,2:) | Border Tree T (x;, yi,2:)
(IESSERE4 n k

1 b 110,11

2 ba 11(0,2,3)

3 b ab 1](1,2,3)

4 ba 2

5 b ab 2

6 ba 3

7 b ab 3

8 babababc 11(0,8,1)

9 b abababcb 11](,8,1)

10 ba bababcba 11](2,8,1)

11 bab ababcbab 1]@3,8,1)

12 baba  babcbaba 1]14,8,1)

13 babab abcbabab 11(5,8,1)
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e S RFBILE L5 BNHE— DY THE
6 —RICA AL E)

AT S0, BhZS A E 5 ER A A 2 AR A DG () A0 7 7 BB TG T A 46 i ) L,
AT NHX AR VT Y — PP 3L T Border Tree S S H ) 5 %08 FA k.
1, KT Border Tree WIFHR NG M _E—5,

6.1 Fio]RR

WA KT m [ b H

ACFIX — R R 2 A, T B RR 3 ANE b B LA I

1. |KAILEIR (LCP): 1E b & LAFANTHE 0, b7), MXFHNTFERHEK
ANFERTRKE

FRIETVE DL 41, TRALERI (B 2 42N O(mlogm). BEUR [n] I 18] 5 4%
o(1).

2. THPIAME: 78 b B EWATHE W,07), X s=bb", HWE sEHRD
FH T, WRE TR, S ADEERALE.

FRIEVE L) 5, TRALEER 8] 2 42N O(mlog m). BV n) i 0] 5 24 oA
O(log m).

3. XA KRIZEm 8. 76 b H B4 — XA [, r]. ).

mZaIX LCP (sufT[i], b)

FRIETVE LG 6, TRALBERS (8] & 42N O(mlogm). HR- VA n] I (6] 2 2% B A
O(1). WRIBF B HERE KM | EERANEL B4 B [ R S
22N O(log m).

6.2 1REIFH

B, 1EEIASOR S 5 AR UG A ) A e Ay — A SE A 45—
ANV a FI— MR b, FIRES o BIEHS b FHILE ., BoiifEn] L
& a BB BOE— AL B il B R — AL

Vg BRAE 25 43 TT
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SRR AR, 8 a B35 b A3 ULHC 1) A R A0 PR KA -
FEX—ART a B b HHIREL F(a,b), F(a,b) FEZ D004 (x,),
x,y HIE AR

o_xzngfLCPQﬂiNMLb)
o yRINY x KA, AL i AN

AL T . gt a AV D &, 3R Fa,b), HH a BOBIESSCRE, b
H O R

63 BE
TEA/NT I, R4 H 7B 5a X IR
PR N K E A m b 5B, SCREANKE N n 1 a #.
BRIy AR b T H LR a B
NIHIZE H 7B SR X

EX 6.1.

ANKTbEFabWEEG, R—NDFHFENFI [vi,v2,v3..0,], T v K
A REZG—ANTE,

BEFTHZL vy, =a, B TEATLE (1 <i<y), HHZAATHE
MR

o TEHMG: v, b BT &,
o #&kﬂ}c‘l‘i})ﬁ! %l< t, m'] ViVisri Z:f%b $é{7%$o

A, T a®thF xiz, Fa INFHIAHAED FF, KMLde
ax/f’}?%?"/l\vi, Z:Jili/l\vl/&b$qjifﬂéﬁi%§

W1 Ew T T RE 28, rLLaiEm g halaea 20, BAfasSiing, A
wBUER — M EER g BT,

XtF G AT ATR] S RO v, 38 a BT 1 /N

BUEXS T84 v -l A =J04 (i, 1 1) KRBT
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R F BB A 5A BAHE—PF TL5
o [,ri K v fEb BBHIILIE: v = bl : rile
Rk, v £ b R ERORHR A, BAL =1 =0,
o 5 B vifEa BHIIMLE, £ si=1+37 vl

W2 Sk B amyaatt G. BAREAEQ T

LoOHTEE— N o, KADNNFRFERD. WFH i ZANFERF, WRES b
E/‘J%‘ X'fjijﬂT, %B/Z\ Ci = X, 7:'?')_'\” C;i = 0.

2. W T 1 <i<lal, BATAH a; 7 b BHHIIALE R ¢ R ¢, = 0 KR
a; FFEAER b FHI. AL vi = (i, ¢y 4o

3. IXFERIE v FEATE R, R4l i G A AT 70 2 R 2 AR
)T, AR s 335 BT AR IR FIWT vivie T2 b R WREZR
W, BaEI, BWAEI . SFTIXAFIWr, AT LU - A @ 22 SR fig e

BIECAYIAIL G 7. FREEMTEEED 6.
PR AR T LLRTE o B rifiN. MR BURISHOE — G, 76 F 0o %
A, A MR — i 250,
WTAEBGE R, R EEA 6, BRMET T
LTS x Rk y, AT DASEIRFVE A x 10 v BT RS, BT v,
HHAH A

2. MR x A, v PRREPL 3ANTILER: v, v, v, FFH ZJ04RE
NEAT:
vi = (il i+ (x =1 = 57))
vir = (i + (x = 5), i + (x = 57))

Vi :(.x+ l,li+(x+1_li)7ri)

WABDAE, 28 x MG U0 ve KB G RIBEEL 2 v = (o)),
TEIX 3ANFICE SN, TE a HPRIRN 0 o HE M.

2] 2 AR 53 T
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3. MR v IR, 2 v 7085, AT v Mvi AT ATRERCR . A
AWK TER SR K.
4. BUE, WEA 5 DICERARBELEWIATERT, RYE s; B3 FIIFAAR X 717
A2 FIWAH BT Te B R B RE A . T2l AT DL R I 2 0 3R i 45 HL i 2
RRACPERR T

TR, ALY ¢ 7o SRl M T A EAE 6 (YRS

151 10.
i%X % g = cbabbabbbacb, ® b = abbacb, #1444LJE G 4 [cb, abba, bb, bacb].
NATie a BPayFE 4Gk e, BikA:

1. &P E £X—{249 v, = abba;

2. vy, 5% vy =a, vy = b, vy = bay
3 B vy =co

4. vy Ao vy T AL, KA.

TR G 4 [cb,ac,ba,bb,bacb], #HLZXFHMHRA, TRT ZTH.

6.3.1 BEIEEZEDH

FEA/NA T, JONE F a5 1R I ) 52 25% 2 Al — 283 #r

TET IR 2 o, F5 EREATI (B B AR BN O(mlogm) WITRALEE, SR )5 {615
v B RIS (8] 52 2% B2 O O(log m).

TEVIRAIT B, 2 HEAT n IRF 108 2 B9 RIWT, BRI 28R O(nlog m)

WBEBUIRECN qo I ARHAT —IRNEYE G, FEHATH BRI 7 7] 2
HIEIWT, a4 24N O(glog m).

I, ORI E ARSI R R AR B A A dh A MM BR. A ARAHT
K. SRR R ARANT k- AMERA B R XA RRRYE Y G
FR A, A AT LA 3 R R B A B I () SR 2% B2 O logne BT REIRIBEL, XA
W R HOR W BN, TR BLS RS A 4E G 1IN ) 5 2% R
O(qlogn + qlogm) [,
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FEFAR B, = AR RN 2 B E R E 2 O(n) 1), HTXANEIREIF
ERIRHT, 7T LLZBE AN

FREEA FR T, ALATE O((n + m + q) logm + qlog n) WIS 18] & 4% B P 4
G-

[FIS, ATRAEEACLT s /EA AR, T 2uin] Bl F 2B — A=,
BRI ] S R JEANAR, AR H H0A] LA/

L, BT LAER van Emde Boas tree XAXE X ZEW. HT7E vEB Tree
L ER R ERAERT ] B A E A O(log log m),  FRATTW] AR SRR A X A5k

6.4 THERFIG

£ E—/N i, e iEssthsi S48 G 7.
AR, EESEER R, RANH—MIET Border Tree A1 G 1Y
ERGTHE F(a, b) 355,

6.4.1 fEjfLia]R

T F(a,b) BRI A BRI LCP(ali:lall,b) (1 <i<lal) B KAE X &
KEWADNEERRK—AZJ0H, G REWaT DL 5§ B E 0 o 55
BT e NNy, (< < e ST v, TR s = vivvie.v, IFIE
LCP(s;[i +1s1].b) (1 =i < Ivjl) 9 5 K AL B i K MR 10 A Bt 28 e — A =0
Hwjo TRIATH AT LLE A I 0 B KE B BRI w), R B Ak
(1) e RAB S e KAB AN F(a, b)-

1 EHARYE v, B KA, AT CAE LRI Y s; = vivjavje BT, w; BE
HAA, T2 w; M Vi, Vj+ls Vj+2 HRe £ L—T, B&nUIH O(logn)
MR IRI A ZEHR B v, MATIRA S 4k, T2, BUFEE w; i, JFEEREN
O(log n) (IS TR REFRE] vy AT w00

NGE—TF, FRAHETE F(a, b) B AR T HHE wio XTI w;, 3K
TSR] DAFE 2 AH Ay -

b BRI 3ANTE 51, 50,53, 25 =51583 FLLCP(s[i:|s]],b) (1 <i<|si])
1) fe RAB B e KAB AN 6 9F
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6.4.2 FHro)Rn

s BRKENL s = 5850

BAETATRK LCP (s[i 2 Isl],b) (1 < i < d) BORME KB RER AN M 25
KIEHN Max, & RIERNECN Num.

MNF1<i<d, AWiA j=i+LCP(s[i:|s]],b)—1, M s[i: jl =2 b HEN
— AT

Rk, R s &P RN PRRRCELE b i I, B4 Max =0,
Num = 1.

BN, AT RSO TSR S < d AN j > d I,

643 BER—(G<d
XFTIXFRG O j < d, AT LA ] A Ak SR if i -
HéxLCPCﬁU:dLb)

BT s &b B—NT 8, AT LIS b B — AN X [L,R], f#
3 51 = bIL : Rl XNE j<d BREIFAAE, RAHESE sili - d] A <i<d) M
RN BIL+i—1:bl], REHTHER, BRENTH,

Fie, XA EEEEA R T T 3, ARYE T 3, g AR R Max F1
Num | .

{E2, MR T izl j < d We?

AR AL T 3 B, RUESE b H R, JESRIULEL A T
A& R M T R .

& b[1 : Rl WIFTH Border, EER—A5 KM x, {815 b[1: x] & b[1 : R] 1Y
—> Border, Hifi/ £ 0<x<R-L+1.

TR, REXIXE [LR - x] 7 A8 3, el LORIELE b Hirh, JE 4 ULHAD
Moz AL B A A% /N T R B T IXIA] [R - x + 1,R], #R¥E j<d, FE4TH
B3I, BHREIRENT x 1, BT AR LR X G

X R x, ATRUSEEE KMP HEIHL, 2RJ5 A R XA T 46 [ AR FH A 4
HEFH xo KT KMP BN, ACCHES A, BAARTEES WA refl.

370 3 LS 53
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SARM, el LY Border Tree Kit 52 %. WT Border Tree WX /&
O(logm) 1¥), FrCAEFEMZE b[1 : R] FRFER MUBIAR RS B RO x 2 REORIIE
IS 2. 2% T Border Tree WIVEFES W /ST,

BUAEBRA T H— A TR B EAE I —
il 11.

iX % a = babaca, % b = abcabacabc.

A G H: [b,abaca], EF v, =b,v, = abaca, v, SR =TEHA (2,4,8)

o AT BT HE wy, TVARILLCP(vy,b) 7 2, Pt R ATE A ab. b
& THL—.

S b B F T B [4,8].

R AT RN [4,8] B-FFRIA3a91E, EELR3, It mearsh
abc, IEELAYXIA] A [8,10] X AR AEIE Y,

FEAKE x, KT xWEX R EL(ETH 4,8 F x=1), AAEMNTRXIN
[4,8 — x] BT B AL 3, TAMFEIE LA 2, FI3t R agai4 A ab, EHLEGX A K
[3,5], EACAYRIZTIEH A )T 89,

FRSSFHHE w,, LT AFE Max =2, Num = 1,

644 1ER=(j>d

HT s 2 b BI—F 8, IBATRATATLAES b B —AN XA [L,R], &
% 51 = b[L : R].

RN j>d, Fiblosili @ dl 52 sli :© jl RATZ%. mTLLE R LB, dT
sili:dl=b[L+i—1:R], Fibhsi[i:d] —5%E+= b[l:R] K—" Borders

e —F BRI Tk e KMP B3, AREERE] S R A L&
JIME 5 R 1] Border, X T — MK EEAVEW Border, v UIEIXA™ Border 5 s”
PHEZE KGR H ¢, HitHE LCP(s,b). HTH ¢ £l 34 b BT HEPHE K
1, BT AT 3 7 14 #hr] DA 2] Max T, H Num = 1.

HHF KMP H SR AT LUAE] Om) 1, BT DL IR A28 IR B T8) &2
FREEFTT LA R O(m) M. BUAE, 1EFRATRIL FR 5 Tk, mTLAR B 2R AR

ST LRSS 53 ]
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2, AT LIRYE Border Tree IRFE &2 O(log m) X — iR T, R BELE
O(1) WS (8] 52 4% P N 58 16— 484 Border Group HIH 1], F8 4 5 AT DLFE B
JIMZE I TR 2 4= FE R 2] O(logm) T o

B WA E O1) BR8] & 4% B N 58 T — %44 Border Group W) ). T
Sk al o — T AT FE SIMEE W) Border Group WIRBIE, WiXA~ Border Group
A v:

[71' b 7TI7TI +1 P l+2’ ...,7T,7Tx:|

HARVED, 5.3 FH 145

EAHAA T E: /£ KMP BaIFLF, AHHE i <i<d, il
FELEF B —HEAHFEMERT i

Frgkh, W8 IXAS Border Group F1H o, XANE, A HZ& R, FFH
A1, =2, G, WRIEFERIERE X, XA Border Group W #1115 #5 2%
JAER, BT |x,l.

BUEEXS b B3 EAT QR 1973 30 i
1 28 b2 A& H AW EEN || 1, 564

len = LCP (s”, b [ T,

)

)

PUXFEEfR: Y4 LCP KA bl I, B T-5 b 1 Border Group 11
R S BRI BN |x |, IS AT LUK BN len P {R 2 & 5E 1, ’? k
MHBETC R Hodr, len MR SCN: &8 —A Border J5, s” YHEJGIHIRE
SEPURAL 1K ES

T&, AT RS AI W s KRB UL R K 58 (b, WSR2 1E, Max = |b|,
Num NEEW kEE. B0, Max NEKILECKE, Num = 1.

X+ X —A> Border Group, ] LIAFE|VLHECHE N

X
min (lbl, min { T,
k=I,

2. BN, —EAHE A g0 WAL

7 ry+1
ﬂ-vﬂ ! | ’ bq # bq_lnvl
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FSEAR R ITVEAR A B FRATTHE [ — AN 9 550N AR R 7705 s A Ik,
B I IG BT B right1UE KN A I I 55N

Br K BT A 7 B G 4% H AL Eis AT — il SE it — P AR AT T .

FRE 53— 1B B
BEEfEE: BXR

144 VP12 A Pl hash SR ARAE IR 7 4R AT Lhe
13 LK ZR 4 MR S R R BR A2
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BBE YRR Km—d HKih
BUE/\: EHEMALIEB L

BEKXE

205 — MRn W RO, B RLEA AR s AR I TR T
R F R TR S SR B 20 2 AV AL B A

1<n<10°, FRAERDPNI0, WEZH20MHT .

w2 E 2

EREREH AR A M RAR D A AR AT EEA Y (AR, 2R
JRACEANTE A — R BE .

BN OR I )RR X R 7 B B 2 DSk AR M B2 T AR, 3K
IS ERS RS B, FEEATT RCRilen — len g TF NEZEET ]

4 sk

NS

Ja % B N HUE SO B M M w4 B AL B TR, B DhRe 4, ACRY fil vk,
SORIEAR, WHUNEI A, MR, B ERAEN R T 2 E%
ST, A REER AR IR S E LKL G 2 At

5 M5
o [MFCCFREME NS> 5T 5.
o U SIEEIE 2 B SIHLIIBR LA,
o UHIIE S A BIHLAI A SO 72
o FUNHRALA. BRI R SCS R AR 1A B,
o [ R AR T SR

68 F5kiE: ZJOI2015 SRE{EE: MR
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1 518

ZHA V) R 1 B 2 S S DL — R, TR 2R R B A R AR X
KREMELE T H, EFEKR, FEFREIFEPHI TR0, AMUF
B T AR RN A R B AT A T ST, IR SR AT U B e R 2R
ZWAEH, A BRI HE AR AR XX —F ) @il gt A7t — 20
M5 a g,

AR SCE2, 375 [ T — 6 T B AR, T 2R B T LR A
(2 AT, DR R Se U T B B )y s 3 SN T A
AERGRE IS, A T AERGREUINTE. Fevk A A E

AN T KRB T AL, X B RE S
SRR SE5 A ] S Z AR AT T TR S

FOTNH T IR BERBATEL 8 BRI R R

BTN TS X H WAH SR P 507, FR6 567 A i
BT T .

SOV A A 5 H A FOM O I BV AN E B

10T R T 18 B oo A R ek B o in) /4 1

o

HE
11
HE

b

| o

2 ZIMNSEABEREY

2.1 ZInK
LU RN TBA B S, — AN KT o2 TR LS )
n—1
Alx) =) a’ (2.1)
=0

M, Hi 2 8a 2R RTTR. X2 A N E Ti3A Rz
EFZIAA () FIREUE SONH @k, ie/Edeg A(x)o

22 ZIMAMEREZEH

W2 52 LN 2 T M B KA. W4 ST M. s AT 1L
FEO () 1Al Py i 5.

AR AR, WLUREHURC. SSHURR, BHOAZ. RIRIGAZ/nZ5E
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AR RPN Z TR AR T IIE T ZO (n?) N E], IS
L7
— MR TER IR RE?, B R EREA

(Az™ + B)(Cz™ 4 D)
=AC2*™ + ((A+ B)(C + D) — AC — BD)z™ + BD

Pl D RIE I EGHEAT . IO (n'o823) = O(n! %),

SRRIEM B BIET FRER S, (AT KBRS, AT DU IR REA
IR

BeAh, IS EAER2E SN AT, AR AT DA ALs Sk, 55k
H RO B SR 1 /32.

7 AR HIFFTS, M ARV, S8l 1 20 RGN
5 B EE R Z PR . W E 2O (nlogn).

NTHHFFT, RFERARRBAAR(2F > 2n), HAFE2WIFEL T B R
BAELHURAR, AR RERE], ETHR 25 5 RS B i) .

TR BN, RS R T B ) AT A R A A KR
Hp(an10° + 7, 58998244353 = 7 x 17 x 2% + 125:55) j5 . X FERIIT b 35
FREARIBHEIIE AT AMAEO(1), AFFERERERE, HRZHIF TS
FERR I (A AR R G A, BRI /N Tp, AR IT). RIASCh
BT IE HAAEF, T 3E1T.

FEBip R BEATFETR, 253 228 |o(p) = p — 1, W AT Hp R kg, JIF
Filg's 9 BBy 7500, 4% 3R SOULIEZI%) 76 3 HE AT 3 S5 P X pHUBE. XY,
FH 275 2 1) R BN B I np?, REBCE+METFFTHR B0 5l #1718
S, PP o R A v A SR AR BT

23 WABRH
— N2 IANCH A R RBCR TR, XX —RE], ARy
I T i
Az) = Zamﬂ (2.2)

i>0

2¥ Whttp://en.wikipedia.org/wiki/Karatsuba$5falgorithm
SH#Mhttp://en.wikipedia.org/wiki/Discrete$5fFourier%5ftransform
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EATHE R TR R R[]

e S, oA UEN—DRS, MAHBERREEARNSE, SALEES
T S S )

FATH [z A(2) TR A(x) BIniX IR Hay,.

e GNP REE SERICIRSE AT R e e Vi =3YE

Ax) = Zaixi, B(z) = Z bix', (2.3)
M@iﬂ@:i}miwﬂ (2.4)
A(x)B(x) = Z ( Z aibJ-)xk. (2.5)

SKpria Sy, N R XA BT — T TEEAT UL, RS 2RI
i 5 (B AE AR SO THEE). BBEINIGE I R 2% N0 (n), ik I Rk
HO(nlogn)s

3 tHAETTHHoIRR

3.1 HEXWR

A TR R — 2R DL R XA — OE LT —RAEHRA,
E AR A - TERR IR, B RERRIES; KPR € AR
5E X T KAhsize(a) € N, B REAURSS iR, PR X5 A M 2
fin, Hisize(a) = nffX RalfBERAF R, 1C1EA. FATMAESEHE K
A, P EE

WRAEA R R EER, AL R AT Aoy e As 5 A AR 5 28 T T fij 4
LATE I B A Bl R A 1B X 531«

A KHIAR S B, A TEAEIR T 71,2, n P RIME—Fr 5 SRTLE
b B, AT B X 1. WEFR, n =30, Johs 5 &
PTG [ B AEAT AR, T A S (1 ] T R B3R AT 8T

N AIVAN
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@@@@?@@%@?@
0b b G0 G

3.2 LREMERK
BH Ao, Ay, - - - 11538 4 B 28 2 (Ordinary Generating Function, OGF)E X
ML RmERE

= Aa'. (3.1)

>0

AJe —RILFR TR, WAR)HE A R A (x) € LNEFN Ao, Ay, - - - I
A RREL, HA A, N R size(a) = X Ra € AER
XTPRLIE T RA B, EX—EKHHNRC = AUB, #HA BXEN
7, MCHA R R
C(z) = A(x) + B(x). (3.2)
HREZEA BIE RIKMD = Ax B, K DIFA TR - — 00
H(a,b), HHae Abe B, IHE Lsize(d) = size(a) + size(b)s WH

Dy, = Z A;Bj, (3.3)
i+j=k
TRDIKOGFHI
D(z) = A(z)B(x). (3.4)

XA T AR ICER M B TR %,

3.3 1EBEMREE
G| Ag, Ay, - - - T8 E0 A 5 bR U (Exponential Generating Function, EGF) &
XN AL

1

- ZAZ-%. (3.5)

i>0
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T B PR BE AL BT A 5 ) LT B DA 0 T — AR 5 0 R A, ARIFREL

A R A () 58 SUNEIAN Ao, Ar, - - - TR BCRR B, Horh A, 9 e size(a) =

nfIXt %a € AR,
BEMNEARTHNRA B, WNTENMPIIHEC=AUB, FFEH

C(z) = A(x) + B(x). (3.6)
WMAEE AR T RIPHHE. BN DX Ra, b, Wsize(a) = n, size(b) =

m, B AEAEL 2, 0,2, - miIbR T ke, WIFHER Ble, Féicn
BE1,2, - n 4+ mibr5. FE B0 & Z RIS 5 K EA X, WA

n+m\ (n+m)!
( n >_ n!m! (3.7)
5
Rk, #FEPEWIR TN RA, BPHESR|D, A
k!
DV:E:&&JW (3.8)
=, 151
M DIEGF L EA
D(r) = A(x)B(x) (3.9)
(I 3
4 FEEWETT

MA(z)B(z) = 1B}, #RA(z), B(x) BATEN TG, ATUVEEA(x) = B(z) ™t =
1/B(z)s BRUA—ANTERHEL, wAH 4 T3k EE raeikidist.
i,
1ile+x+ﬁ+x3h~- (4.1)
WX — 2512, EH8Hag, ar,- - BB EREENA(R), Ls, = S0
A4 s0, 81, - BIEFIEARBRECNA) /(1 - 2).
MG IR BT, e

(1_iwﬂzz§:(n;¢>ﬂ. (4.2)

i>0
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B R KA, TELTEA()I, AT A(x) ROTRIETE B ().

T BIGIE B, A (o) 7776 T V00 T 00 70 B 44 PR R A (o) 0 86 BB R 08 7,
WEE (2 A(0) (0] B(x)) = TA[48. T 24 A(x) B9 55 L0, B0 TR 4
e 15 SL(2.5)BMFE R | B(x)., [0 B(a), --- M, T LRt vt 7647
FEEME . I, FAEE T AR TR AT 10 (n2) H 2 ik

FEA A FAO(n log n) I 11T SR TR TE, T MR R F Bk
i

AR A () O BOR IS D, 34 B () KNI Jab.

fBBE SR A 2
A(x)B(x) =1 (mod z") (4.3)
I B(z), M
A(x)B(x) —=1=0 (mod z"),
(A(z)B(z) — 1)2 =0 (mod z*"),
A(z)(2B(z) — B(z)?A(z)) =1 (mod z*"). (4.4)

BATHO(nlogn) A E 2B (2) — B(x)?A(z), ¥ EIRIELS B (2)idt7 F—%#
ERe BHEA K, B(o) A B nER 2 3Gh0— 1%, TRAZEIRMI A 2
H

T(n) =T(n/2)+ O(nlogn) = O(nlogn).

5 FeRETHINA
BlREL (FFoliHE). A E TR E AR A E M, H P RKDAL x 89 F L
HaAbe AP E AT ALREZAL Ao FE AT &3 H —HL x nby 74,
AU T ik 2ag,n < 10°)

BATMCEAE I AR . BA(x) = o0 a’s TR A iR By ofeid:
RS, G MBI % R[] A(z)R. FTLEITESE N

n k _[,.n 1
@Y A = s (51)

k>0

TRAFHEL - A RTREDTCEI, 1185 220 (n log n).
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— L, X RAEG X RA, AR TTERA KNI E ST E RS
2B, WBMERNRSE N

- 1
1= Az
X550 T J6hn 5 (OGF). A5 (EGF) B1E DL #R AL

fflgn2 (HiabFBernoulliZt?). *FAHA0<i<n—1KHE B, (n<10%)
Bernoulli#( By, By, - - - FIFa 804 R BN

B(z) (5.2)

= (5.3)

X, RER— IR eI,

BIRR3. FHER N AM. B —ANKALYFHEs, REHARKAnGE P, I
e T BstEA I (n,m, k < 109)

1€ R B N RS A LTT 2R
ZBDP, H iR 2 DMINEBENTA TR, 1558 —IKULE & sy
PEAREG —k+ 1,4 Hi < ki, f; =0; 24> ki,
fi=m™F = 3T fmTR = N fi, (5.4)

0<j<i—k d>0,deC
HAEACTE L A{d > 0|s[d+ 1, k] = s[1,k — d] }e
XADPIT R & AR, RN TR 5 HsHE, i — kAL 7575 7] DUE R
2, {HA T ARIE — b+ U8 —IKULES LA E, FEMN L2 i S & iRt
MOl IR — TR IXKILE S F— R E ES MG, 025 Lk
HIMES MG, bR ESEHKMPEIE R CES.
NTIRHIEADP, B8 FIIERREf () = 3,50 fir'e RC(x) = 3 st
WA HDP 7 FE 5
f@) = at 2" f ()

T 1l—mz 1—max

— f(@)(c(z) = 1),

4 X Whttp://en.wikipedia.org/wiki/Bernoulli%5fnumber
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B

k

flz) = ok + (1 —max)e(x)
wEMEZRR Ng, = m" — Eizo fimi=3, TIAH N AR R R

c(x)

9(x) = ¢ + (1 — maz)e(z) (5:5)
I [A] &2 2% FE A2 O (n log n)s
6 MNWSHHTE
6.1 EAEHE
HIEIINEAREHENIE EiaH,
BA(w) = ZiZO a;w', B(z) = 2121 bix', WB(2)5A(w)WEEH
C(z) = Ao B(z) = A(B(x)) = Y a;(B(x))’, (6.1)

>0
LR BN C (1) = 37,5 con’ BB

H T CRE B(2) WA H80m, BRIGRME AT LR ZANEERT, B(z) 5 A(w)i)
HEAIRATLLE Lo

6.2 FEAFH
WFA(r) = mgair’s EXA()KEAFECN

Al(x) = Zmixi—l. (6.2)
2 5 ik

cA(x))/ = cA'(x), 6.3
(A(z) + B(z))' = A'(z) + B'(2), 6.4
(A(x)B()) = A'(x)B(x) + A(z) B'(x), (6.5)

1y Al(x)
(a) = (00
(A(B(g;)))' — A'(B(x)) B'(x) (6.7)
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R ESEG AR FUN
BE LA SR GRS T 2 B AR AT

P TR

HE
11
HE

6.3 MR SIEHERE
PATET Lh e ST 2R 2 I 3 4 '5?'§§5I‘u¥51, XA Y TR g B R
WA(x) = 30y e SN E T MPRE 5, B

In(1—-A(z)) = —Zfl(;s)i, (6.8)

i>1

A(z)
exp (A(z)) = Z (;) (6.9)
i>0 :
BTy e, X EURFi B8 oR HR ) R 22 M B AE X AT AR AT
6.3.1 XHRBAITE
HEA(r) =1+ i1 airt, &
B(z) =In (A(x)),
|
/ A'(z)

TR AT R A(z)BFES T, AR (A(z)), FEERERZO(Mmlogn).

6.3.2 EHEHHIHE
EIEA(r) = 5 ain’s 2

B(x) = exp ( Z bix',
>0
]
B'(z) = B(x)A'(2), (6.11)
BRI ERAEE
by = 1,
¢ 1<k<i
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BT E A b, BHRAFE TS L Hb 0 A 3 B = A sk, I [a]
HREAO(nlog n)e
AT AEUE A T BLEO (n log n) I TH] T Sexp (A(x))-

6.4 HFHuENE
L f(z) =A@, TR —ANKTF f(2) TR
g(f(x)) =1In (f(z)) — A(z) =0. (6.13)

% 8 A UERIEMRIX — TR, B f (o) MBI R e . ok
13 f ()BT fo(z), BP

f(x) = fo(z) (mod z™), (6.14)
TER#TT, 15

R
) = _ g(-fo(x)) mo xQn
f(@) = folx) y%@»( d z™), (6.15)
¥ (6.13) AN, 13
YRS In (fo(:r)) — A(x)
f(l”)—fo( ) l/f(](.%’)
= folw) (1= 10 (fo(@) + Alx) ). (6.16)

IR, BRET(n) = T(n/2) + O(nlogn) = O(nlogn).

S RABUL T, TRy (f (x)) A R Eglh R 8 K. BT IR R, AR

e
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6.5 kKXBHITEHE
BSR4 (KRR ). % 5 3 X f(o) e BB KL, £ & f(2) 8 8TnT & %o
(n,k < 10°)

B3 L 2 P A G . BRI HFF TR I Z AT, &£
RI, BAEZEO(nlogn)s HO(log k)X, EBFEO(nlognlog k).
FRAE 45 KR B R BT, 2 f (o) KR BN L, F

f(z)F =exp (kIn f(2)). (6.17)
A5, IR RO (nlogn).
IR f () K HBOTA AL, B f (o) AKX ax?, W
F(2)F = gk <f(37)>k

ax?
TR TR BTN RGN, 7T RAR I (6.17) 15
AT AT BLf () BIRIR T MR X2 f () I B AR IR I N ax?, T 75 B AR
UEk|d, HafFAERIRTTRR. SR 5 BP0l #8188 T B 7 v 5

7 EEBITH

71 BRESEARITH
Bl S RHg T Tohs S RETA I A E T, AR R A IR B s S
XFRMEAL N REA b5 AR & T
EEERIMXMNETESHNBTREAINFRR, TEMERNSIH L
R B, ARTERARMBEESHEGE N
B(zx) = Z A(Z'x)z =A@, (7.1)
i>0 '
BIRES (GEE K. Kdn TR EE A BOAAK. TEART, TAK
TiA A0 F. (n < 10°)
BWGRITA R B LR E, MGHIEGEAN

Glz) =Y 2(3)%7. (7.2)

n>0
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L CHNFTAT fa EE .t R BE 1 AT DU s T 7 B4
RIS, T

G(z) = %@,

N(]
C(z) = InG(x). (7.3)

RUESR G (o) MRS TSR R I 5 44 O (n log n)
iSRG (7 I E B 4. %% 5 & S E 8 dtn, A SV Anlh B,
R RG 8 B — A ek K ARES P (n < 107)

SNBSS TS, BN S T — MRS 0.
FEEHTIOTE, RN AR B ER A (k- )V, KR IEGE Jy

(k=1 , ot

BB R HIEGFRIY .
exp (Z %) (7.5)

keS
7.2 RIRSEERITH
a7 (BT ). A E T TR G S, L PR S H T,

s LA REBRD BT EH SRR AT OO T R (a;,n <
10°)

AT, Thrsha B EEIuR, WA R RIER DIEK %
H,
RA(x) = Yoy aix’s FHEXRE—FABLUE HE SR L, AR, b
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X Beseouin, htR2l0GE N

o

HE
11
HE

H (142" + 2% 4. )"

1<i<n

FERBIA( ) R/ jH0E A ), ST

n+g+g+~~+1:OWbyn

PRI TDX0S T AT A (27 ) SR AT
5 JE SR —Rexp, MEIRENO(nlogn). ©

BITHS (015 WHAD). A EFHRRANH D, P RRY MDD, F7
W ARA Ve KT Sl 4 i SRR A8 K 089 7 B R (a5, < 10°)

AR L R AE BT A ], X AN R

8 MHUITH

R P H ST PR AR AE T E T LU, I e Ja A ]
I RIB AR [ — A 3h.

8.1 ARSIEITH

b O A B A bR S AT RAE R R A X eo R
A (k=1 i, xHF—RAEGXRA, ERIITTER P I (AT e i Ay

6 Ya; LIS, A R A BEEOTE w20 [ R, AT A R R s T a2 0 e B 5 5 g ke, 9
Whttp://en.wikipedia.org/wiki/Pentagonal$5fnumber$5ftheorem
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ERRHNEE SES NN FNSEDS %
W) MEGEFA
k
3 A(If) — —In (1 - A(z)). (8.1)

k>1

B9, K@ en T E, nFAWEELEAR LN . MEAFT. RAFETL
F2 B o (n < 10°)

HIFEA R RIR TR, RFERE A S — N REANT 313, B3 EREA
25 mi e — BRAT AR AR

SRR DR 1 TR X B R W R AR S AR, HA LT
PP BB R FIEGF AT (2). HCayleysE B WA, n/>45 mi A IR HE
HAnmt, R ®

T) =% " ;!x . (8.2)

n>1
FIRF BN, 7 B E B AR A B 2 B 7 M B (T LA %), TR w4
BN T 3R IEGE N
1 T(z)*
52 k

k>3

8.2 TARSIFEITEL

BIREL0 (Lhr SRR, RAETHRERRGKRT, AP EEhithhT 4
Fafte HAPRTATALREEA. AKRTER—BZTE AR, XA
A 75k ? MR RS, R, (a,n < 10°)

Tebr TR BER R e — 28, PO e U R TR, W RE AR 7E
A5, FAE S BRI Polyatt #a 20 KA tix — in L,

"V Whttp://en.wikipedia.org/wiki/Cayley%$27s%$5fformula
St Al IARYE R 2 AR RIT (2) = xeT @), Fid i H s iX — 45k
99 http: //en.wikipedia.org/wiki/P%C3%B31lya%5fenumeration$5ftheorem
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4 —RUABKNRA, HEDATTRARKIAKIOGE N 42

l Z A(xk/gcd(i,k))gcd(i,k)

0<i<k

_ Z“D k/d

dlk

TRRATITTRARAIAKOGE N

PIESIELRLIL

k>1 0 dlk

=) Z éA(aﬂ)k

d>1 k>1

Z ld (1— A(z). (8.4)

d>1

SBETHEAL, In (1 — A(2x?)h REn/dSU2E R, Bk AR ED (1 -
A(z)) )G, FHO(nlogn)i[ESKAEIAT. B EINO(nlogn).

1E6. 17T, KA A?HT%’I\%ﬁ%?&ﬁIE‘JE%EﬁO
B f(w) = Yy fi', g(x) = Yooy g’y WA (g(2)) = 20 MAFS (w), g(z) H.
AT A (R K. I_JHT?izﬂ]TU\ﬁf?'Jﬁm =1,9(f(w)) = we

Bof(w), g(x) ARG T f(w), WRAAL AT SEMEE
(ip() #8 R R Hf (p()), ORI 6471 ) 2R W0k ARYE, 0 TAT T 45 8
flq(w ;kﬁg( ))e AHWg(w) =w, BIAIRHg(x).

SE f(w), g(z), WAEE LEBERAFFTIEf (9()) MRTnITR S, HIHE
/T\fhjjO( 2logn). NHEHAH—AHOM?) TR f (g(x)) MFEZ, ERZ0Z
N R AR

Ld=[y/n], FRKibg(x)? g(x)3, -, g(x)t, EAENO(dnlogn). FHFIH
EaR i ig(z)?, FHiHig()?, - g(x) @V, BIREHZEO(dnlogn).

2015F (5 RS EMIL 72 PEEFKMREARIEL 97



RNz E SES ™M MNFEDS FR
Bk, MR
Fla@) =" 9@ > fuarig(x), (9.1)

0<i<d 0<j<d

FHARNZHERBRER, BIniHE. SEENO(n /nlogn + n?) = O(n?).
SESRA TG T — AR E IR NO ((nlogn)®?) BRI f(9(2)),
G E T HAT S

9.2 Lagrange ;&
Lagrange S A 0 2 f(w)iEg(x) IE AT, W

n _ l wnfl w n
ERA—METE
n l wn—l ! w w n
o ng()) = o~ ) (50)" (93)

HAEh(w) = wil~(9.2) e
Kitg(a)E AW E R ER G, HERE©9.2)X 56 @t ik, W
FO(nlog n )i [a] 3K H 52 2 1 H ) — T R 2L

BIF11. 47 EHnfEAS1eS), Kb AnE L, LEANETLE Eutdl
FH Zdeg(u) € SHARS AWM KT, WL ELFRT, &80T AT,
(n <10°%)

LXMW HIOCFAT (v). MRIGE XL, —PRA A LLZ A T4, B 2
—AEEH S Ls(s € S)BRTMAMKIFF, T2

T(x)=z+) T(x), (9.4)

seS
AU E e = f(T(2) KR, Hd f(w) g — D — IR R B8 2 B
L g(x) R f(w)EEY, WAT(x) = g(x), T7&HLagrange XK tHHnik
T 2RI

OJFI A S #Ehttp: //www.math.msu.edu/%7Emagyar/Math880/Lagrange . pdf
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R ESEG AR FUNSZEPS TR

BlE12 (77 bn T WA RGEE BT, K dinfr g @ Bl e AR, TR RA AF
5, TARELFA K. (n<10°7)

LC(2) WA B R EMEGE, B(x) M i i 5UE i [ [ EGF.
s ESR I T (), BIZERIIE SR H 3B (2) o TR KL

IR~ TEHL(G, v), EHGRE AN, oG LA R
T, ARt~ SRR E A RE. AN EGIE T E Go AN R, AT BT
1 5 B A R B EGE Ao O ().

A RE(Go,v), TG BCCKT, B ARG S % 5
e B — ABCC(MUEBAM ). i0HRS: MoFTEIBCCHB,, H4B, & T
. 2B, A T AR Hn, WA HRE(B,, o) IEGE Anb,z™ /nl.

T4, B THEAT 5N ROD) Th WTRICH RN T, AT
5L 5 A T PG 4 R BOCH . I8 G o 9 3 w5 M B, R I e — o
il AR (G, W) INECFNZC! (), LT Mt |B,| = nfhikde, FiLl—A
FHHIEGE RnaC'(x), M TA THINEGEH iemC @),

HEBK A,

/ bn n _nxC’'(x
xC'(z) = Z = 1)!1‘ enec’(@), (9.5)

n>1

fE1eCy (x) = 2C'(x), By(w) = wB'(w), WA

Cy(x) = By (ze®*@). (9.6)

Horr, Ci(z), ze@@H R 5 it 5. ﬁﬁ%frﬁﬁﬁmBl(w)E’J%*Iﬁ%iﬁz ¥
B, CRIP(x), Qx), R EP(r) = R(Q(x))MIR(w) ik
RFH[w ) R(w). FQUY(w)ERQ(x)IE A1, )”UﬁR(w) (Q( Y(w)). 1R
PiLagrange i A XPIHET B, 18
1 n
wRw) = " P @) (50 )

n

AT FHO (n log n) B BT & &
VU 2 A 58— k1 R AR ¥ e )
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HRRMHEE SAS IR MINZEDS S5
10 ZIoEreREh
HEF, BAVSEE KB BINE AR, IF S hnbrid.

BIRR13 (MBI, KRB AaAnAME, mEAeEEL S B G HK, A
I, RAAFELAA AR, (n,m < 1000)

BN ERyRBRICL, By /nFR A A, m&HEEGE, T
A B EGE Jy

n

G(z,y) = Z%(l +y)(8), (10.1)

n>0
5H@E5RML, FTREG (z, y) B E. X B H T o2 i ek Al
JCo
NTHPA e WA, TR R B SCRE [E JS, X B — 4T #DF T,
FX A — 3 MDFT, XFEMRERH —n2m0 A EERR, REKAME
FH e PG Il RAED AT, SRRVEW TR S — ot LR F N e BERE
720 (nm(logn + logm)).

BlR14. R —ANEAKXf(2), Ao—Adhe SFFHAL<i<n, Kb[2"f(x)
(n, k < 3000)
B8tk = O(n). FA—A59.155 2B BUK NS KB L, AT LMEEIO (n?)

R
BN — IR SIN T BRu, MPTRIE P51 T 30 2 0 2

£ ,
L+uf(z) +u®f(x)*+ - = () (10.2)
e — PR T ulI B R
N T R AR K, 75 f&Lagrange/ . fix A LG DL (2] f(x) =
0, [x']f(x) # OB}, f(x)FEREWg(w), T2
1 1 U w \*
[xk]l —uf(x) - E[wk 1}(1 — uw)? ( (w)) ' (10.3)

BRI DU (4.2) & IT. B3R 13X A5 SR A f () (R A8 AT EO (n log n) I
(] A B A
FHh WER f(o) AMAAER S, WA Lo A2
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R ESEG AR FUNSZEPS TR

o IR f(2)HEIUN0, HEARKINfat MRS > 2, WAXSf(x)) fIFHRTT
RITRRS (2) = fi- (p(x))'s B ap(e) FRCKTRHECNT, TR ik
J7 1

o W f(x)WIHEH I # 0, WITHHEEMS(2) =c+ q(x). HILFTERH
BT [2F)q(z)?, PR

e+ ale) =1 Y (?)aqw—j

0<]<Z

_'Z Z_]I’

0<]<’L
HFFTR— RG],

HRERER M f () R A, w T LA O(nlog n) I [E R AR, — BB
N, RESUWEMEERNHRE IR, HAELERERGL T, f(o)RE &K
GyRAG, BRI R AE AR — U5

BISH15 (FikhH 2 — KStirling$'?). % %n, iﬁ%ﬁﬁ}ogkgm<n<
10°)
& G A% 2 F
Z[n}xk:x(x+1)(x+2)---(x—l—n—1) (10.4)
k=0

BT SO R S5 0 4T 4 B PR TR Rk, 5 Ak
720 (nlog?n).
T AMERI T

[Z} = Zi[m"](—ln(l —x))k (10.5)

MR LA NI R ERIAT, B2 O(nlogn). SRTIZSEE IH LK.

12 e - A 5 R T A
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R ESEG AR PUNSEPS TR

HE
11
HE

11 &

AKYAET RN ERE Tk, . BRFEEHKOMmlogn)HiL,
FLLE. M B EAESRAABR G, 7 ER o DR . X
TEEGUERIRME, KXHENHT HOMmlogn)i A1 1H 8 H B — I R E 0 H k.
— B JFUR 5 B O (n?) 5O (n log? n) i Wk (9 T B 8, w] DL A SC R ) 7 iR AR AR
Z20(nlogn), 1BA B FEFIHEE, 15N 7 E2EE.

ATDATIL R, X —RAEG T B S fGE B e g8 h gk s . (=
Ty V2 BB B AR IEAR SR R3], A FRFRRATH— P R FAR R

AL

I B RS AR A ST RS T B
IR R AR e A TR B4R 3

RUZ AL AP BN R AR E K.
SR A B[R] A N AR SR AR

B

[1] Brent R P, Kung H T. Fast algorithms for manipulating formal power series[J].
Journal of the ACM (JACM), 1978, 25(4): 581-595.

[2] Flajolet P, Sedgewick R. Analytic combinatorics[M]. Cambridge University
Press, 2009.

[3] B2, Inverse Element of Polynomial.
[4] 82, Fast Fourier Transform Modulo Prime.

[5] X, 35, (FIEZARSEESETR) | BERFE .
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ydcBIR 57 o fIR & FEALDPS XL

ydeH)R & iR &
FEAL e 101

1 RBAE

A3, WRIRAEAAEIRX I LI TR Ei%, AT LR 2 p, i 2
%

MAER TSR TR 7 Hfthn — 1 2IEF 5RE QRIS DURE /1, I HARTE A
MTEIEE S35y TH B T AT 2 IS, X5 R sy, &AKR04),
EOT VN RN XTI, B R, 5LIRRELf () E H

WMPE—NNBIERECNf(x) = 2, AT Z B A AN
R=MNBIRECNf(x) = 2 — x, IBAABIRATER & 005 PO 2 gt fIG,  FLfh 3R
19057 IR 2 23R4T 1 7 R I

AR B ERREE X LR RS B 2 D2 4. T 20mr LA
RN, B DATG RS 2 S HE AL AR S5 I S 1

HRN1998244353 (Tx 17x2%8 +1, —NFHD U,

I IE) PR 1] 757 8sec/UOJ 6sec
2 [E] fR#: 64MB

2 AR

I\ Fn + 217,

FHATEE RN,

TEH AT A MEBEL BN

N Kn- 14T, BATHE DB, AR NI R & HUE — N - 1R
BREL, PR ASEEL, BB N EUCRZ R U U R L

G —AT, BN, ARRAIRFTN B B BUE — A, - LREREL 2T
Het, NSEHL, BB AN EAREAZ R BP0 T R EL
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ydcBIR 57 o fIR & FEALPZ XSIRY

3 MR

AT, A AR, RS IRITERREIRS K .

4 HiECHE

5| on | S =1 R PR 1)

1 5

2
2 10
3 40
4 60
5 10 80

¥

6 100
7 400
8 600

100
9 800
10 1000
11 BG4y
12 4000 PIREPN RG]
13 BTS2 5KE %4
14 oA N B 22 4 B A 25
15 1500

500
16 2000
17 2500

¥

18 3000
19 3500
20 4000

TRUE BT A NI R EAE[0, 11H9YE Bl A K T35 170, S NI BT e 3SR 247
ANE, BLBR TR B DLA B R BB SN TS, H A 40 B /N 1300

T A 0 35 9 B LA i

piFRNE E7E021] 1000022 [8].
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ydeBIL S HENIRES AL SURIRR
5 BENR
51 BiEl

FE10% I, HAE2DN N, RIRANT A HERHE — D ANA 2 MRS

“ANABLF, R 38 % 4 T
MEFEINN, AR5 SETELL 11 HIRES Pl 1) A
r i d
P = A IO B (1)
Iy fitx) dx
HW L, %4 AR B RTELL, )X — B b S R X SR T AL, B
LR HOELO, 117 5okl BT R P (X SR 1 T AL B B8 P, i — B 10 52 43 W B
FE[0, 11X — B @A 53, T B s

Qo DX I A TR Bk A BR BPE O, 11RO T AR R 70 B AE 2 A7 10 5 P B

1T BRI b — N H O & RIS AR T2, SRATTRT LUK A ) o8 4
Bx LUEAE[O, 1175 xfl Bl Ay R X Sk iy T AR, AT

P@mifﬂmm @)
1

R BT EXT998244353 04K, 2 f&—Fh A5 58 S Ml -
%m*|ﬁ¢mﬁ%54i£%%\ﬁ B, MOZSRBT AT 1 0 B A
W— B, BRSNS ETE R T IRER, SRARARE S 5 —
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ydcBIR 57 o fIR & FEALDPS XL

NI P:
ke<l
P = ZPI(O,ke—e)Pz(ke—e,ke) 3)
kezZ*
ksil ke—e ke
- > [ e[ pwa 4
kez+ Y0 ke=e

WUVRIL, BB TR FOIIHE, [ A0 d T oA E B
ke 1S, BUN fr(ke)o
WO E R, W2 F0) = OF S RECNF(x), WA
1
P - f i) f(0)dx 5)
0
T A B N 2 TR AL WX T R
f(x)=ap+ax" + Wx* + ..+ ayx’
B R R EON:
F(x) = apx + %xz + %xg’ + .+ Na—ji-v 1)CN+1
FFCAFRAT R TSR () (O fME, FEsR— Ve RSB,

BFEIE 24 O(S?)
THERE: OF)

52 BA2

XT3N R20% I EHE, fAn =10, IAHEEHEEWLE N 5B RE, Wi
Ny H LR

EXU =1{1,2,3,...,n -1}, BETESHLLRER AR T ESA, W%
FARMRII AR R T A CoA, BRERITE L, WA

i€A icCyA

1
P = fo F@[]E [ 1 -Fldx (©6)

IR, Af\gitanmd r 20N, b AE R,

R 24 0(2"S?)
TREIRE: OS)
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53 EE3
FATEL AT Z i 44 ) A

|Al=i 1 i€A ieCyA
Po= 2 [T ]Ee [ ]1- Rl d @
AC{1,2,...n—1} i i
1 |Al=i icA icCuA
P = Lﬁﬂ) > [F@ ] -F)ax 8)
AC{1.2,...n-1}

B FRATT AT BASESKR H -

|Al=i icA icCuyA

[[F [ ] 11-Fi)

AC{1.2,...n-1} i i

BRI L f, () AR B A SRAS 56 44 2.

Z RS, BATHIRMZE BN R, e £ EF(0)ER] - Fi(x)o
AR RS g (0K L E] TN, BA AR Z L IRIRRII R,
R 2 g, (x),

A 1 HE S -
8i,j(%) = Fi(x)gi-1,j-1(x) + [1 = Fi(x)]gi-1,;(x) 9)
FERR, MR TERE T 2ok, @RI, {FHE3EH T LA
K EAAEOnS ).

IR OnsS?)
TREIRE: OnS)

5.4 Bonus#iE

54.1 #HEL

P IR R TER, TR IRIE R A KA LIRS p g, LAl
CAEL S po

AR AP O(1)
TIREIRE: O(1)
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542 HIE12

AT N R BB SR, R AR T R M [, T LA BRAT]
WU Y BT,

IEJE R O(n)
TR IRE: 0)

543 ¥HE13-14

XFEEE 1314, RAMATFEHERRAE -2 E5HE 208X, H
e FAA1% 4 525 0n — 14822 HENE R,

RIFEE— LI N

1 n—1
o= [ []F0 s (10)
0 =1
PRI 4 IR
1 n—1
Po= [ []1= Al e ds (an
i=1

P A 75 B E R 2 L R AT

BFEIE 24P O(S?)
TR IEE: OFS)

544 —ANEMBEEE

WKL, TERE 4 SEE IO, BT T I sk A % Tt
FOTRRL. T AR BB R R, 1R 5 A0 B F BO L A (FFT) 4R
ik,

W B AR < i <n, $F )BT EE LA (DFT), HIFH—A4
BT M IR, 0L, o, o ) B, AL S IR .

e BHAST RAR AW R HHF 2T 5 F 5 5O () B

'l TR LA AR LN2IH T R
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T2 IAC(x) = Ax) + B(x), {EHATDFTZJEA
C,=A;+B;

[FEE, XFFC(x) = A(x) X B(x), {E#H{TDFTZJEH
C,=A; X B;

Fir AT Z B R Ig S, JRATAT L AN 2 g TDFT, e T4
T2l 5B W DFT i Ek, BhZA 2 0 nis H 4 R,

WP (R R A2 NO(Llog L), FRIURIHE I (R 2 4 BN O(L). 2

R IRATE B FIFFT, F B0k, 8k, Z0mS logS + nS)IH,
XFE I (A 2R B M 55 T s

AEIWMREE -2 IART 2, BRE2HIIKENOS)K 2 5
X EKEAHOMZ T, EXFEIEA R TTE. B AERATA AR n A
Z A W, I 2 I ot ok 2 fE PR AR, IXFERIE KT

T@S) = 2T(§)—FCKSlogS) (12)

A LAS B R BE N O(S log” S)s

IR E A2 : O(S log S)
TIREIRE: OS)

55 Hix4
FIREE, FRAIFEEBHER g, AOMT 5, W) LA BE FIFFTHEAT LAk
ERAN VWG FHATDFTZ J5, #8 7F29% R :
Gijk = Firgi-rj-r1xe+ (1 = Fii)gi-1j (13)
R, WATREI Sk, RUREEA g 4 5 = gc#i—T~, MBI
FEAE N

8ikj = Fir&i-1kj1+ (1 =Fip)gi-1x; (14)

2FFT ) EARSZ B 72 AT PABRIX B http://en.wikipedia.org/wiki/Fast_Fourier_transform
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ALK, $U51 g, O AE B B 3G ()5 308 g 2 IR B RGO 5
5

Gi(x) = [Fix+ (1= Fip)]Gi1x(x) 15)

EH%:GO,]((X) =1, J”JJEHE@EH

1
Grax®) = | [[Fux+ (1= Fip] (16)
i=1

14

WMEE16, X FH—Ak, WMRBACEMIE T F fME, #R0TLUE 5.4 407
Ui H 4r ¥8 BFFTH VL, 1E0nlog® )i I 8] PN 3R HGu(x)o T F, R LA H #2 F
FIFETAEO(nS log S) IR A] A 3R Hi

TERH T E N gu1x, 25, BT S DFTH AL RIS ED A R £ g, ()

AR A4 OnS log® n)
THEIRE: OnS)

56 EHES

BB, ARV TR T RROWAT BB A R 8, WX Tg (0 —
TCA R HG(x,y), B

Gi(x,y) = {Fix)y+[1-F®)]|Gii(x,) (17

XHTGy=1, WA LAHESH:
n—1

Gua(xy) = | [{Fixy+[1 - Fol) (18)
i=1

B3 £ BRAT A SR I B 5 T — 00 2 AT A oK 2 J5 45 10 2 Tk

T =762 WU HDRT, M2 125 BIMCE x5 7E BUR BRI, o6 208
R, FRATRATA T B gy, 0Ty 5 TR % T T T FFT,
Pt TARA R R, 6 56 Tyl £ T BEATFETRI AT, tf T—ANN x M) —
T6 2 G ATFRT B (8 B 2% FE N O(N M log NM).

T LA TRMDET, BT R ATAT LU 2 6 0 58 B —— SM 6 B FFTR
fit e 24 T B
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R A, EBBATH R R e x S, BT AR, 3K
TR nAS 22 B A R 70 BRI 3 I, EATTSREE R i R L1 e ZEA 21, Mtk
I PRI 1) 522 O -

n S

T(n,S =2T(,
(n,5) 73

)—kCKnSlognS) (19)

LA, B 43 v6 B FFTI B [R] 52 2% B2 9 1% A log™ T T, B [A] 52 A FEAX
NO(nS lognS ).

TERMG, 25, BATATEEM g1 (03 L f,(0) R BB .

ZIE, S AR

N EARE: OmS lognsS)
TRIEIRE: O(nS)

6 Rt

ST B TR T 5 2] AR 3 B R 5 Ca A L

SR SRR I TR B Z

R A R, BRI TRV B2 A2 T 2
RWCCFIR LT 5 FblL 2.

TR R X SR AR 1 B AT

ST R A S A A KON BB 0 74 B

BUFE LR, e, XIWTEER S AR S A

W20 BEUX AL R SR R R P R A L
S T 5 Bl A [A] 22

2015FERFEMILT PEERMREMRIET 111






FARDRAE —FKALKIIAPBINA TRMEBEBPS PiEE

IRR TR — R TR n)RE P R N A

TR ARIEE

PR —FERAMNS, HTERNLDLEMETIKG H i, B A TME—2
12 AR ASFME ., KNG TILAT LaGose ik, il —p
NBT 3 — E B gty (RME) FAFGRE A,

FESEFRMSLER T, RS B SRERYE 7 51 sb 454 (1 i L, i HL
R AT B SR, ATV 2 2 AR S5 F AT DAAElog B ) ) B2 o B R 4k
SO LEAG TR AT O, (EHOR B B — Se LU R R i S DL I S B 5 AR AR B 31—
L DRI A, R E A 45 R R B 7 B R AAE S IR R I AR T
e

FEIE P IR H I 73 B IR LB R B R 1 AN 250 ) j it 2 1
b, —RONE R AR VTR 2 2 AR ER. B PUNE N Bk AR
RS R B s, HR Iy ST i 4 2 2% AR B % AR AR IR T B
A AR MR S5 M, A2 S b S PR AR

HIRIX R H WA SRR SRR DU, Hen BB, cdqdrif
A, A BB RREIEL N H, XEERICERIE T .

ASSCRRT AR T LR F AR LR ZE S 7 B 45 F) s FIAL B 7y B 45 4 DUfEE 7E
2l 0 ) B 7 V. BB A T R R A R o B T 2 Bk AT 4E 4
W59k B2 E B4 T 7 IS 2 T e 8RR 3 2 [ 2 1 TV
B3 EEANY T e E g B ARIE .

LR A H A0 AR R Ui B 220 B SR AE LR R
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K UDIRTE — KA AIDDEIS TROEEDS LHE
1 HiE7DR

L1 FFHI5R

J7 5 53 W B3 56 4 o B i LA B 25 5 SR — Ry Bl A

BABERIEFF LRRBHN)A SOERFE— A0, X EE—BXIEH
] FRREWE TR LON/ H(N)AN X B FTOH(N)) AN B A, ) 0] Il AN 75 23 5 A4S %
A, (R FEAE S B A AN 7 S SO 4

L1l SEEHGITF

[511] 38k
EARNA B ad#idi < a; <N+ 1, ANMERE, SRATEL

o B ML (BBUR IR & LR
o Bl Mx = FTIER UK Na, HEx = N + 1 HFTHEJ LKA

1% @A) LU A#E F Link-cut treesEO(N log N) P[] YR, AL IX FIA SR R
AN K 2o

BRI R ML B EEEESOIAE, SRR EOW) L.
BB IR EON B R B E R K, &R Eo) %,

HE 2 FRATT AT LA FH 43 e ok~ 1 6 F 2 RO B R B B SR T R 4
BHWN)AN G 8, FIAN4N = 18, H(N) = 48 CGRHRIFE R E R —HL):

ot TR—PMAHE - MBEIEHEMIENER, BRI ERF
P X — YRR, B (R 4 FEO(H(N)). 15 23 1) (1) B ik 4 28 — b 2
71, HTHR ARG B RRZE DT DAkt — B, BHEIE 22 BEON/H(N))-

T R B TR LR AL AR AN Ok AT AR A — B R A D ik
F2JE TR AR B h T DA 7 7960 1) et B R e A S BT s o) Bk H X — B

B F PSSO M (R 2 B, FTLAMH(N) = VNI R AR, XXk
A LAZEO(N VN) [ [R] 3 o 7

L H k35 :-HNOI2010
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TR RE—LELIQRA PR A TREMESDPS AHEE
1.1.2 — M EMEZ—am5F

[1512] Chef and Churu?
UEN N Ha, NS, AR R B Waf (B =30 a,
[ AR a O BB T AR ) AN ANRAE, BEANERAEAT DL

o B (a)

o I f

T = B 4P — AN PEIR B AL TT BLO(log n) 3R L B — A £E0E, BT LA BA RE
X fior B

b — 8 — RS fAERRHN)AN 3 N H(NYBR, 364 — BB AL B H X
— PRI T LR, UERHIGEIRES X —ded D, B R 22 FEO(N x
H(N))-

T RMEM, BB ARIAEE R — FRIAT CH T AR EEH T a i H 3
VBT LR AR 5 523, I 1AI 24 O(N/H(N))s

St FAFAN M), K 1] DX 8] 35 2 BRO(H (N) A B FIO(N/H(N)) AN X ),
HH RN L AT LAFEO(log N) I TE] A i ke G 44 BEOIRZX AL B ], RN X (]
A CAFEO(1) s T P fifE

ANV B B 4E 5 HEIR B Olog N)-O(log N) I, T A& BLIK) g 5 4= AT DA
5 = (V) 5 24 B T A S AR R P, BT LA RT LUE FH O(VIN)-0(1) SCHRRBRL s 18 24
DX )R 1) (1 BE 5 A 44 a, -

BT N B X AR, 3 AT, A2 T D X TR R A Ak T SRR
W BT T — AN Eame e i —NMa®, Bl s g i
W] LA R B D S B . 4 T A B BB O(VN) S 73 R O(VN) B,
PNE SR T EAEBOVNYIFO(VN) AN H R, A R 7 B 2 R i 2%
ZEARIRPT,

X RE I ] FIAS SO TT LU BION/H(N) + H(N)), 4H(N) = VNG ]
R NON VN), 2[RRI NOWN VN

2} H K :Codechef Nov 14 Challenge
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R PRI —E TR PHIRF TRHREPS MEE
113 FREPROXEEDRIIFR

[513] Chef and Problems?
EN N M, HNDWE, BIREGHLr, K La; = a;M < i, j < rif) j—iff)
i KNAH.

el

e S T A M om B ik H—EXANXIE, IHHEAZ
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5} 18] 4 E O(nlog n), 2% 18] 2% FE O(n)s

ISource: UOJ #87. mxAIflh AZE
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WA AR 5 E R A TUNSEDS EIRIN

IWAZ ERER

XFTER T IRLASNIER 23, B A O — R AL B

XFTRA, Sl A LT DPEUZHAL B K, SRS F 4 X DPALZE 1)
AR R 5

BT BOEMN DN EE T MER S — DN EREGHIITER, T URENE A I ER #R AT
DEAE IR

A LA B MR B SCORAE NGB MR, 3R 70 e A PR ER 7, R — A
#7, JEDPEAHZINY & IFEK, IS 55— #87r FIDPEUA KA R & S BRIl

FER E R e 8 R I B P AT G R RAE, X AT DUE & IR I RE g ¢
T I BEAT AR AR SE

i B LA LT (DPEZ A B 5 JF

BHE DT

AEEIN B RN DPEA NG H, SRR REZO0Mnlogn)l], KA
TR ] 5 75 B R N BN G 8 2 O(log n) K.

FREM P A RIERE, A5 FERIE A DPEUA &R — R, BT
DAL E B, BT LR (A 5 4 & 0(nlog n).

B EAEETANES, BIK/INAN, AT DUER, X4 A%
N — N — N EH R R EARSBITOWN), BT A& e 3 T i EA Sub
FEO(N), FTLLE B2 A B 28 FE 2 O(n).

3 WWAZEERRSiE

KU LR mrif, JATAT UL N AT /A

TR —AGE A GRATIRE N EO7D, B AN 45 XA S5 T
Pk B2 )G, SORIEBBN G, SRR SEth 5 EO A EO I fE (19
A ERER, B0 RN I E R,
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IWABBXREENERA TUNSEPS TR

BRE

>N/2

%R AT EIE B KN AN, ﬁn%iﬁi‘%T%,ﬁx, I HAAE ANy, &
LA, ?ﬂh}\ﬁylﬂ"]jﬁd\jﬁ?g, WAy — %€ LI FExE M. Fr LR
AJE, BORBBEBBANE DA T4 frllria 2802 0(log n)ifl.

3.1 [fE—] BkEEE I

dh—MAL N, KX Ti=1,2,..., n, M5 S kgt 14%30 1 T B Bk 1% 2%
B, 228998244353 (Tx 17x2B +1, —ANEED.

n<10°

#2HEE

R I NG SudF s, RREmE R T7 mE, KNI B 553

A3 F XA LTy, Ry A, HHAE - 13 I 2. i
NI, WAMZEZANI ERRAN LTz, 11— di]+ flz[l— d)ME] fx] ] H
(HAd,, dyRRx Bz 5 B AR I D,

WANZEDIE

HARRNMEKIN, flulf ] AEE—DNZ A, Rl — DLtk
i, AT R v Exmif Ead + x2 I E flu]F. X8 KEATH B0
%o

TR R, RBIEubl G, iR EEANEE, AR5 R R R E

2Source: UOJ #23. [UR#1)] BZEF i1
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WA AR 5 E R A TUNSEDS EIRIN

O ZOACRHR, 1N, PRl BTa LT RIE SRR, 18 8g(x).
BATHEAN £ (x) - g() FIRENE BB Z IR EP AT
KT 3R F(x), 0 Sl 2 0 BB AR 2 TR A0 + FRTRAESR, 5242 O log? n).
HSzERATAT AT A e AR R B O i 2 T ek ok, RE— Ak
03, BREMATH) = T(n/2) + O(nlogn) = O(nlogn)if] 1.
MEENO(nlog? n).

3.2  [f58E =] Tree and Sets’

A ffn NEEEADNE, B&LE—ANKEL CREPAREKEAR—E M
I

Aag MR, B RET AN EL Y, d KR (1 <u<n), =48y
TEIXAS s Y BA M 45 5y 545w A B d. W45 5 2 [ EE B N
BT TR R o B AR PR

PAEZRAE— A LR E (DAG), i L:

o XNDAG Z/DFHn +q N5, 241200000 N4 512400000 2512,

o X TH—2%14, WHREMNuiERy ), I2u>n Hu#vo

o XTEERMTAE NEE (1<i<q B —NESx, Bn+i NEEAET

i AN A BAUHE — 4 %1%

o X T4 Mg S E(,2,...,n} FHEAES Mk (1<i<q PN

mxs AFAEZEn + i A4 B B x AN AR

1 <n,q < 10000

w EROIER

Jedh IR EINRE s, AR AU RIS 3, F HA T AN AL, B R A
Z JH = REMuIZ .

SRIGBEAT R 55008, BRI 16 R B O A — AN PR R B BT A 45 s 44 R 3
HOMIESEH, ARG T RIS, X TR s SR E A N L B AT

o T 206 2 HUCR0(ogn), BT BLIE L S HUCAOMmlogn)if). (B g =
O(n))

3Source: 2015F &AM
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(UABABXEE R E R PUNF DS Fi%tn

UAZ EMIER

AT USRS JE R i, A SR RO IS 3. TR IR N 2 1)
AN s E T — N

BATT LR IR R — A, B — A3, e EL, RS UEH
XFEI6 I E B ZE O(log n) .

O NG %, ERAR L S — AL R R T

HONFRRINAE, KON EDP, BIX A R, a2 W
IV 350 3 22 ) 00 A — A RiT G AT Jig G8OR B il R, DAARE — 358 43 2 P 4D I R i
R, BATIEIX —3 5 U E— A8, il size[i] A7 5 H B AR AT N
KA BERAAIL rIE, 8, sizelil = N, &—Amid, Y7 sizeli] < N/2,
B sizeli] < N2, SGi VA58 1L mid) M (mid, r], 3R 5 2 H (L mid)s mid.
(mid, r]iX =FR 5> Z WM. XA ERsariad, TN, ik A%
F£O(log Siz]Z[i])+ oIRsriaH L. TR TR, EESRASIGTE
ANIA L3R BB A1 5 0og n).

Fir CAIEIL ) 2 HOE 2 O(nlog n) .

4 link-cut cactus

4.1 FBAUAZE]7R

BNAANN B ) @R (1) 2 — RN E IS E BRI, a4
AT LR B ROEA, WAl LR IBHUE RS B.

1R Z B2 8 in) @A DL link-cut treefif ¥, 25 Elink-cut tree, FRATEETS 2link-
cut cactus, A& FHRME A DB AN 2 17] 7L

4.1.1 link-cut cactusHIZ5#4
link-cut treeZE 7 () &M 19— ANEES 7, T R2FRATAT CL4ES A N E i — A8
) [J/\

TT o

okt
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WA AR 5 E R A TUNSEDS EIRIN

WA, #hRlink-cut tree—FF,  F>45 10 preferred-child, F 5214
HERDOR, HAth) LT R R,

LA N sed, BREmii oy )

XF =, Tlilw LE RN EEANE AR R4 5, 18 NA.
FATE S Hpreferred-child A Hh _F 8 J5—Raccess B 45 1, 12 4B

TATKG AR BIP) d i i FH S0 e ke ke

XTT IR E A 45 R R BE, I SRR, FRATTRRIX Bk MBS
CRP B A frextra® Do

4.1.2 A fEsplay E4EHFIAENER
FERRL BN /L B o
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WA AR 5 E R A TUNSEDS EIRIN

R LASNEN B SAMBZ H 13 CGRED, AT € BRI
R 1) A S R A o

413 BFRIBFER

e, WA RS SHEABSE b, TRAUME LA —%il. (HERA]
FEAEIR KT EINT — A RORYEY ), T BLSERR EAST 2B XA Ol
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WA AR 5 E R A TUNSEDS EIRIN

414 —HEFRIBR

WK, bE—Raccess | &5 miA, XTI TABE L S5AMIENLAE gD, H
FERINIX 51 W splay 4h s fEA BEE [ splay .
BE R A O

4.1.5 accessiZ{E

2K ttlink-cut treeffJaccess#E 1,

i M tiTaccess B4l fix, AT B xEsplay L IHT— K ile.

R eATEIR L, HRlink-cut tree ] —FEALEE,

0 e XA IR ABEE I 70 4 P i B T CELVE BB BRI IE OL, ARG
LA BHE RS ME 1 2 i K

IR G HEXIR Blsplay (AR, B0 19— 1 ol EAE N ABSE, JH¥ 0 —
% B NENEE.

4.1.6 HRIRIRIE

K tblink-cut tree ) B AR 21, TEaccess /& X AR 1% 45 ) B A2 3T B S bric ok
A

T RIX S EBAEL T A AF BSE 55 B 4, 1 BAANE 5 17 A IE
fifi.
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WA AR 5 E R A TUNSEDS EIRIN

fift R 5 IR Faccess B (4 — N3, K EAMBAEsplay + (BT J& U, 40
R, WEZHAMB, FHEHINEST R AR L.

4.1.7 tn{al{sE Alink-cut cactus

PAAE ) Bl v i 6 B IR /ME R -

e iliu, SR JSaccess4h miv, ARJEIR [FIIX Msplay b A /ME B AT

EERuBEW I RER 2 AR, XM Eaccess B I HE{Esplay_F4T/Mrid
ZiZialICIR

418 HBHEIEZE

2 tlink-cut tree, XF FuA~45 &AL N H FO0)Raccess#E 1, 45 i AR
Kipreferred-child ) Ul e X B2 O log n)i,  H1 T % R preferred-child i 1) # F 5]
Tsplay, FTLLEET 5 24N 0(n log” n).

42  [f5Igm—1] Push the Flow! *

— M RN E, (RIERA BIASEM, RFUE NS E.

B MEE, BN ERERBE—FKUMAER, B0l n mASS S 2 AR &K
i

1 < n < 100000

0 < g < 200000

link-cut cactusHI 3% °

XTT ARG, PIANEE R B B KRR X PR AN 46 i 2 TRl 4 B
()25 5 1) e /IMEL

X TR ER, ARIBSS f2 18] 1 B KRN ABEE b 145 & /MBI E &4 6
RS ERME, BT AR UGS MR 1 25 B e IMELIN B A BRE I R — SR A N A &=
F.

) A i I AR FaccessitAT 1o

4Source: CODECHEF PUSHFLOW
SIX AT L link-cut tree R ff e, HF AL E A EA .
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(UABABXEE R E R PUNF DS Fi%tn

B — 2L AR, BRI 210 1 — AN R, SR fFaccessiX 2514 11 5
— AN s, U R BRI — @A SN I A N E L, B DA E R B A
CIP

I 1A] 24 FE O((n + g) log? n), ZE N 4 O(n).

43 [HER=] — R B |a)En

BB, BORSCHFINGA. M. b B R A) R e B AN
FE AT IE S

WA, ANy E G, BBy A fa ik ie B,y
IpES ke

B — AR BE R Al N S 80N b — A BB SO R A

WA AR T AD N E I S BUR R E, Fe/MEL A

43.1 —AFlalR

2y BRB, BORSCHFFINGL. M. AR AR B AN T HEAT 2 el
7]

A] LA FSelf-adjusting top trees>K i, B [8] & 4% £ NO(nlogn). X i
FE[LTAI2) A FE4E A 4.

432 HFE—

AT link-cut cactus R4EF I N B

XTTREAI, AT BB RS BMEAER AW T (i RIXAH R
AW, A KL BT

XAERATRAT 2] 71X N ZE B —ARAE R, 7T LLA Self-adjusting top trees
(BAN fRIFR N “top tree”) 44

WHEEREATHAERS, fElink-cut cactus F AR Flaccess, fR )5 fEtop tree b HFAT HE
PRAERD AT,
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WA AR 5 E R A TUNSEDS EIRIN

XA N E AT EAERT, AR Flaccess, ZAJFIXHR Tl N E fEtop tree L&
— T, B Top tree I T ERVERI AT,

fElink-cut cactusPaccesstEER, 2520 %] O(log n) 34 Kipreferred-child, &
AT OB e B0 g W o i, T2 E 4T 0(log n)iXktop treelink Al cut: 1,
BRI B0 (og® ).

-1 F i s top tree, 5 E0H 5K,

433 H¥Z

2% F& B 2 Hlink-cut cactus>R4E$,

Fthtop tree, W] PAfElink-cut cactusff) &4~ 45 /0 E4ES LN ERE B, 3K
AKX AMEIEFR N “top cactus™s

— RIS

PAT T B 15 Eid NInfo, fridid NTag, 4 HESLH Info+Info,
InfoxTag, Tag*TagRlf]. J¥ETagh LLHa*x+bIEAKRK R, A CARELAR
.

fEtop cactusf B —A 45 mi b, FRATLEY LLUR JLAME:
* x
KT REBRARENEER
e sum
FANLZ S B AR splay &R0 88 LB TR & R 015 & A
(& FAEREE)
e sub
AU ZE & AR splay R EE BT 2 509 FALAEE B A
(e FifE 2D
* ex
T EANTWABENE — &, Aex R T EAMFSIENallE
e all

all = sum + sub + ex

e chain_tag
FAA UGS A AR M splay Rk I HTA 4 B HARID
R & Tl A EA47IE)
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WA AR 5 E R A TUNSEDS EIRIN

e sub_tag
FORAT LA B AR B splay ROT I EE E BT A 4 S 00 A0 A EBARIE
R A4 F ARED
e ex_tag_sum

KA ERaccessE| MLk, aBsE F4T F W sub_taghife

H A subPA T EMZBE T NZE AN FADNERKR S, BT 24
MBI FEETTRE NOM), FrAARER J)Ksub, Rz &4 45 m FH — BR -1 4 4
(Wsplay) RK4E# sub.

FRCE T

chain_tagH fEsplay N HEAT F 1.

sub_tag MEREIFANNER, #ifflichain tag + sub_taglEx.

ex_tag_sumEP M MABSE I OA MmATsME A KbRId, fraccessH|
BRI AL BZ IR BT MEE b

accessT®1E

HERaccess 2| &5 i xit

WERXAER |

o i xJii K ¥ preferred-child 5 x#HE A MO RE L, FHK 1Zpreferred-child A

YEAP TN B P R

o W xI) B preferred-child 5 x A L SO SE, 44 & preferred-child A 4E 4
TN B R, A N EAR ISR 4 e

IR XA L

o K LT MImIIT, RFIABEE Lilex tag sum, KHALLHIIME.
o FixiRBsplay (MR, EFBIEN LM%, IFEHARN AIE B AR,

B8] & B

link-cut cactus 4 & [ & 24 & A O(n log? n).

accessTEM IR BN O logn), FrLA4EP RS 550 N EAS BRI 2
E&%O(ﬂlogz n)o

B R N0 log” n), {HAFRLL E—NEIEEN,
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(UABABXEE R E R PUNF DS Fi%tn

44 [HIER=] — &8 0)]f EXT

BB, BORSCEFINGA. WA ek B R TA) R e B A A A
FEHAT B

WX, ANy E SO, BBy T ] ik ie Bia)E, e
I B

B — AR BE R Al N S 80N b — AR B SO R A

W] ) — 2R — AN B SR AL

4.4.1 —AFlo)R

g — KRB, ESRIERINL. WA, X34k AR A TR AT Bk )
kR AL

top tree - ANBEFI R4S kK.

TNV [ YES B T IE B o — Fh 2 Bl dfske

HH T BB ORI R S5, 4Edrdfs /7 A 4544 1T LU HUtRBE%R.

B HOIRBE R B RINNT, I AEBOREER F— R Rl & I RE
E0(logn + T)IWFE], — i) TST%VE%?EO(; log® m)HIR ). (AR AT LA - fli7
RERAES I 751, laeElOlogn + TYRMEE S 24 E)

a5 FAT B A 5 1n) R B BRAE B AL () N dfsFE ) xR & R RAE

2
FOM M ERAE, LM HUREER 1B/ O( "jf(i)"), A EAEM
I 1) 55 2% BE ik S O (A f (n) log? n)e

KBRS, BRIREE

FATHlink-cut tree >R 4E3 IX BB I — A EH 5, SR G 49— A0 R ) dfs /7
Hllo

EXANfs A b, B e 4 B p ek fEdfs /7 B2 — B X Tl

FAT7E link-cut treefJaccessi 72 FR X dfs [ 51 HEAT AH N 1) 1 22

BB 4 T B 25 xff) preferred-child Uy y, 5L ATy Tt B K dfs 7 31
(DX TR H e, R 4 A x e T
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WA AR 5 E R A TUNSEDS TR0

IXFEfEaccess | 45 mixZ Ja, MRBIxIXZLEEAEAfSF FRANXE], T xrEdfsfy
FWRAXIE, TRMEEATEEAFHERE T

WEIRSAE, BHRREE

B E R s 25 f, = ATER T

R Aalt, XHEREIASES Na b e C BA. UNBFRRRE S, KE5H
FARTHRD

R e, IXERRIdfsF 3 Ne ba A B Co

1B e AT AR Madfe Bl e

H JcaccessHR, HEAT T O(f(n)) ik dfs 7 #AE.

SR JE R e F O eIk dfs Fr g A R AR 2

AN BRAT X6} JEUAR B35 MR 2% B AITZE IR dfs 7 [X 18] Rl dffs F7 380 R 10350 4 4T B % b
1Co

XFEAESFE B LA e b a r(A) 1(B) r(C) T o (r(X)R AKX IXAR-T- 14 1) dfs 5
LR NN)E 71D

R T AN S BT R T

Al fEaccessI B —IXIEHH, KE— FEEAKE TXMIER, WRAM
W, B O IKAfSFF X AN T W IR dfs 7 51 B 0] 2.

XFERRREM R f(n) = Ologn) T o
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(UABABXEE R E R PUNF DS Fi%tn

RIS AT A BE R

X F A AL B e, BRATESAR. accessHl N (I 45 /5 5, BB K BARH
(rdfs 7414 b 25 805 8t R EP AT,

18R /2 f(n) = O(log n).

TR TREAF R, RATRMME R REO((nlog’ n) I E IR .

442 WAZELEER

AT 72 A link-cut cactus S KRAEF D N EITERS, — IREEAE T UL R Oog n) IR
BB . TRIEAER T f R, Nodog®n). HRESANEF G
2RI, fn)FEHEO(og n).

T4 H f(n) = O(og n)AIIE M«

Jlink-cut tree4E #7 F) 2 AN B AR o, HL4E 37 Bfaccess 3 (1) 55— FF,
T RAELCT L85 73 Slink-cut cactusZE 3 (8 #1734k, 4 7E— K link-cut
cactusffjaccess, i TLCTI 2 — KaccessbA 7k, 4 —IRLCTHJaccess#B R o 4%
TINHWEER 2, &1 TOWZKMEIL, XU T, LCTHaccessfii A B IR EL
#&£0(logn), FTLLf(n) = O(logn),

TRIXEHAE TG MEIEO(nlog’ I IRFEN AT .

5 E%ig
I CCRHR I 2 ST A IR B pL 2.
IR AR e RO TR S 75,
RS R 52 e ST I R 2401

S5 3k
(1] B R55, HRVRBNASME KA O ) R0 A% f 24971 R, 201445 [ SR IBA I 5L

[2] Tarjan, Robert E., and Renato F. Werneck. “Self-adjusting top trees.”
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FIXEBLAREENERN A KBPZ FAIE

RRERN R EERENH
KA B

=

ey ERE&EFIRTHAGEE, AESZOR R ALXEE
R AT T B4, ERSARRERARKAERAILS, 5205

R ek, B P RE —ME LS ME, FRET —RiBR 5 A

1 EERBXREX

fEEgT, WG =(VE), Hi Vv EA%E, E ULk,

— BB AL RIASE M(M € E) R 5K B —A N ITRL.

SE X ANLEE RN o, R 2 UL 2 R R ILEC.
BN, SRR R UL A R B R AR LA

VCHCH ARy CECd, AN VL EC AR Y AEILECIA.

PATFR— A AL, 2 BACH BRI AR VLRSI 3 mie 2 VL A A
MONREC R, AEVLE T )RR ARE R

R, BT S AR VLES S A UCES, FRoNTeE PTEC.
ot FUCHEC i — 2534 (u, v), FRATTRR w A v BN AE.
WIARFFR U, BT RBA n RFRRERSEL m REREWLE.
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AR E R R L KEDS BRI
2 I
BE P ONPER R T AR, SR AL

1. PHJEE S &R .

2. P AR ILECIA., ARVLACIA A

JUFR P& — AR IET B

R, PATHEW L A1 2 BT ARV R B

B EAFVCACL UL ARG IA 2 2 1, A R SR AR IS !, T2 T DL T
KN +1 HARIR G FATHRATHE T B HUSOX AN IR ST

IR, B AR RO A MO ILRC R Bl R R AN R
AW TR RS A

EIE 1.
—AER M ARG HRKER, RELFHRG P RAER %,

UEFA 1.

BT REE ) R EER K +1, B MHFIL.

FEMA— N KRGEER M 95 EZD=MeM = (MUM)\ (M NM).

MBEBEGZLTAEH D FPENENEHKESL N2, BEH 2B AL
ARA AR B M F= Mo

XY D E TR, AR, BEANT, P MM GAZHHL. HA
RBFRKE—RAGE, HF M, M 892685 E4 B,

&£ R, iR M > M|, W D®—g&E—5% M P&
ARG R SRS, BB T M R AL %,

Ak, REALZ KWEE, LA ET %, HHFik

P13 S ERATT AT S ) — A SR R DL L A VAR SR BRI B B
ARu sl FIETHIFET, HEHRA B
S, R IRA BN GG S x R, W 2 00R, KA
B x R
VR L ROUTAL IS RAR DT AR, AFDCRCIA AR BRI ALA. TR (E, RSO R
TR, IR BRI
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FIXEBLAREENERN A KBPZ FAIE

BRI a — b W) )5, BT A x WS P T P,
M a - b A FIE P E KL AR a - b, BT a-b REEE,
YO ik P S (VDI SR TUANTR], X RERE LRSS AT x L O REER] a, b T A
B R AG AL UL BTk DA AE N x R RIS 8%, P 5.

FEXAS S5 7T P BRI 2 — b Al MR R nl, B
ME R )
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K EIIL AR A R R KERDE FRES
3 Z“HoEsKLHA
3.1 BEAEZX

3.1.1 EIEREk

N THRTTAE, FAFPE = B R A AEY, B al i o
Ao

UMK A & 8, AR A& R — w2 AN, AN Ed
HIEEAS R o i HR I B

EERN) T LA BGEIRILEC L. B EREILECL, XA A
ERAGEARILACIA. A B A E RS DL B,

PRI FRATAT Lhgs — o 4% Bk 07 SOE ), AR 1 A, MWgsE
R AR AR T LR AR BB Rl e AHERIUAT [ I rh e ] B AR E
7 T CReNEER, IR 0 rlE T A

F o EER A, MR EL— A*%ﬁu,Muﬁ%Dm,ﬁﬁﬁﬁ%~
AViEbsd, PMRIEEZ ViR, HR PR R o R £ .

PRI — U B T R 2 O(m)

AR B EEES, FRAI0E H ) DFES B0 3258
RUNEMZE O(n) MRS A, FRBEEMREZE R O(nm) .

3.1.2 Dinic kK& KILHE
oy BRI ] LR A0 S X 25 37T A AR,
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FIXEBLAREENERN A KBPZ FAIE

WL, WRADEA SEREN 1K, A8 SRIDEREN 1
MR, JFEOR IS MR AG R EA 1 I.

B KRN g B R UCHED,  Hp B R IR A2 %o L A DT P 22 o

FAVE ] Dinic H3% 1, T LUE OGm ) I Ta] 5 2% B A SR A5 K D B

XA 2% B A QAT 45t g 2

Dinic HIEI R — 0 NWiP. H—PSH Om) FIFFA BFS #7ZK K,
$ 02 O(mm) BIRT R DFS 3T 2 53T,

YT o BB, T RERIA A B 1, 55 20 DFS BIE &L AT A3
O(m).

SR Vn %, BE N O(m ).

vn i Jg, l ﬁj Dinic HiEE— R EEZREG S 2] T MR EIG) M2
FERGIEIE 2, AR KA T Ve

B %}ﬁmkma%né AT VCHC IR FR 22, BRI AN EAAZ L&
W B, BB, KEEDN Vi, XA
HEANEIT Vn %

XEME YA ICECIE TR O(vn) 38 1%, WAt 28 Tk Dinic IR &%
BT O(\n) 6, BEIREEN O(m+n).

'R SRS, FIBBIRZ B H W ZENE, WTREAELRIT N A, AT
I m] LS A BOR B AT 2

A SUEIE AT AIE WV SR B0 T — IO P AR SRR 8%, T Dinic — #6578 SRR AT
B DA AR5, P RMASEERN T .
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FIXEBLAREENERN A KBPZ FAIE

3.2 —LiiRRE

EEET, & MM AW AFRRRKILE, 4 DA MM FIXRZE.

W D AR B, ZBRFEA N, Hili T MM #RERRILE, . #K
FERRE (RO AT EU 2 B AR A 1 %),

KU, AEEWAHCRULAS, — AT DL 57 o T AN A 10 11 B
AR 57—

Feal, PS8 S UL RS IR AR 22 R T A2 B 3k, O SEASILAC
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SR — N EN A R, AE NI ES +a B0 —a, Hbi&
BRSBTS TR, TR A Ak, XN 2 22 5 E L 2 1o

o zp+=2a, WIR BZMIL
o 73— =2a, W B2A 1.

XU IIE IR R ANE AL (BOSTEF BE I BB L), KRR LLRFFAE
NIRRT T .
NHEEATFESIE a FHUE, AXERDUE S H PR H min:

1z i 2R

2. fo—Wes e=(u,v)s u e S v RV A

3. (f, —we)/2s e = (uv) u,v e NEFR—ANE B HAE .
4. z5/2, B Ao

B KRN a AAEAEP L. SRR R, VLRSI MAE 51 &
HR, WASETRRARE.

Pl a T FEAETEAE DL EUE] min (R 72K,

ARG 1, A AKX IR S5 26 A 3 R AT LAAS 2155 A2
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ENO0 T, AT T ERIT T

Hrfa,b 73 AFRRIEITHT. RIT IR, RITIRIR T IEN TAERUR 7 a5
HR e, TR BRSO BAS Q.

RN 2 8 3, HRAE B FH RIS T B . WRIEM
ANANE [F) — BR8P A R TN T — 2534, U)K

XFERANESIRBI) . X—rBa R )E, HHEEW LA BUE N 0
HIBERTT, BENT —F B

i 18] R 2% O(mn?).

FIZRA = o B P R 4E 3 slack 28 5 (1 75725 0] LLBCE] O(n).

6.2 NMA
6.2.1 Fc[a1E A [EdBiE 5 o)

255 5K n(n < 200) D RLRITRT AT B, ARG R SRR T P R
&, A Es— X

PNV T 2N > (i, A6 IR B AR R [ B (RIS ml BE RO A2 1)
KO, HrpoE IR B IR 9 s T ) 5

H Floyd 5835 O(n?) SKH I w5 (10 P P SR it () e A0 o B HIOR 7 B
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FL b, EIWILECH AR IZ AR, EGRE R EIE DL — 2
Xt DL ) AR BIE 7 I RE A SCHR BT A 4, AT %I v LEAT I AT, A A
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U RS AR I 3] 5 AR B
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[1] Wikipedia, Berge’s lemma

[2] Wikipedia, Hopcroft - Karp algorithm

[3] Matthew Kusner, {Edmonds’s Blossom Algorithm)

[4] Zvi Galil, (Efficient Algorithms for Finding Maximal Matching in Graphs )
(5] Xt, (BEFB|AITAI), JHHERFEH AL

[6] BRIZLAS, {CodeForces VK Cup 2012 Round 3 D. Minimum Diameter )

(7] BEH, CERABILE

(8] Vuidiom, (G Im BIVLHED ) FEm 5D
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SATH P B SIS R AR MR AR & E AL X R,

N
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1
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BESEHF
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R, s m @AW KK ), EEME TR B, I,
I TR) 2 (8] () 9 e A5 RS 1 IE Bl 2 1 — M 7 2 e MR Xt I8 s B 4T 7 #r
M HAE LB R 2%, FEM RN, b & 2=V 2 FiRE T 2 )
HAM P OHW L, ZEMERPNH T,

AL#% R INiREE

MREIZ R T A e IR R KRR FE ARk R AT R IR
=1, MNrFre+A) 51— REVNMNERE, MRS B
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dv d*r
“a T @
SEEBZIET
R SEAE — AT A DAL B R BUARKR B AR, R T A 28 AL T
7k
HALIRRD R

Xt — /\IEB’JE%$1‘T§OW, iR AL E R Br ] L N v =
xi+yjg, P18z rfea o E

x = x(1), y = (1) 3)

KR RE TS LR N T A E ISR R EAIAT

dx dy
X = R = PR 4
ST w @)
dv, dv,
= —, = — 5
“ i’ YT )

ORI L AT AR IS 0 i R A R, B
v=V2+12 (6)

E &z
R 20— Rl WL B L R IR AR &, 50 s 57 B AT LA R AR [ O

Fexd i AR oRN [ AR RME— T E . X REFRATTRITT 5N 38 L w A1 f3 03 FE B A8
=, B

do

= =, 7

w 0 (7
dow d*0

B = o (8)
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NUNFAER GER2 SRR, HEXBITRKZRLIT N E, AR
%), HAIPIZTT 10 B BN dl. R LT 5K Rdl: = Rd6, ﬂfFénmU_%’ 1
VIS B B v, 15

dl. Rdo
= = — = R
Y dt dt « ©)

MM = v, + o, IR REA 2 By,e B TINEEX B AMETEGE.
AR A PR R 2 3 LA Ee B St (12 3 2 )

1.1 JustaJoke!

1.1.1 FBEXE

FE— A2 MR G R AE Vv (38R 2 3/ A 32 3. B RGO Kk
PUEE oy, (v > v B8, HAEENZIG. B. OMWARFFER —HL b,
KBrE EGRTHREE 1.

1.12 4th

WBRIZEN N AT, HTBRIESIEEZS), d=v,-T.

BARXIFAE — AR 23, HGEAE R 2 3 HB A A 3 B 5GA A
[ T%%FE&HB'EE’Jl.ﬂﬁ]‘ﬁfﬁﬂzﬁl_dﬁﬂfﬂﬁ z35). GREDNN MR
FEw=—. FTUBAAL TS E LA, BARIVIAEEY, = w- r_Vl 4

T BAE R Ny,, HIEmIE v,—,/ -vZ=v,- w/l—i %Uﬁﬁdt_—

"hdu 4969, 2014 Multi-University Training Contest 9
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R+ R- arcsin(v%) "R arcsin(:—')
T = — = 2 = 2 (10)
0o Vr Vi Vi
0
R -v, -arcsin (:—1)
JH:d =V T = 2

v
UL, PE A A DA, BB BRI S, R
HEH 2 FACN SR RT,  F g Il e i 8] = 2% L O(1)

1.2 Magic ?

1.2.1 MEKXKE

An DN NAEAL T — DK i I AT, DU [R] AN AR 3 AR
BRI, HAEEA NG 2 HEAR NS 4105 17~ — A Nigzh. SRiB b7/ 2
[l

FEGP T2 BT, AYISERFE — A5 IR O ) 22 e 2 )t

1.22 LRH 8/

W RAEEFTR, H4NANA. B C. DIUHALT—NAK NI IE J5 R DY A
A, DA R AN AR S R E 1B IR K, AR N AR &5 HEAh e i &7 7] R — A
Nigzl, Kb EFHEMR .

', v VAL
[ .o ! [-vAt .
)
v o7
B g 1 C B C
2POJ Challenge Round 5 A
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MR Ty R, 4N NIRE 2 AR R IETT TR HIAN T b, R IETT AR
ARPe BREMA TR S AIE T T 1 O
ﬁﬁ%ﬂ%%%*ﬁk%¢&ﬁ%ﬁﬁ%%@oE%ﬁ%*ﬁ@ﬁ@ﬂ,

TRy, = v - sins. T 5O IVIHGEE B d = . PRI,

4° 2sin

n
4

1.2.4 ZHa)RE2

%—W%%%R%%ﬁ%%ﬁgk,@mZW%WﬁEE%ﬁﬁﬁkﬁ%
FmarEE 7, fAv=v—v- cos% =v. K,

125 Bo

I T A ] 38 P ATT EER T [ 5 AL
BHE W, RER L2 Rk A R b 45 ot m, TS H BUR Pk
k. B2TEEENEY, BRTBEMAKXET, WEEREOW).

1.2.6 f#El

v, = V-sin— (1)
d = l (12)
B 2sin®’
d [ [
t = —= = (13)
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1.2.7 f#%E2

2
Av = v—v-cos—ﬂ, (14)

-~
I
I

Ay v(l—cosz”) ()

1.3 817

1.3.1 BMEXE

AN/ HLEL N, 0) H 3 BI(X, V). AHIX — Bt T 4 X1 4 Jan A X 35,
I3 FHERH S X AT, SR XIS R e SREBNE H b i e /D 75 2 R T
[FIRE, AGith ek — W HE R 2 gt L

1.3.2 £ 8aa)Rn

“ B B, W S AL WA BB B, W
| B, WL SASRRNL  NEASIE, E5)
BB CURATE A KR vy, TR AT
e gu, (o < va)e EERAR A BB RO ), 6 A

— 1 = wmmnstE B,

1.3.3 REa)RA5Hr

R AR TR A R B3k — N A C, 1558 M AT B C N CAE 3B H I
=N ML~ L = Vd2+X2 [—x e
. WCHIE A M S5AMEE Ax, WHKTx) = . e ¥ ki FH s

1 2
MAZoe 1% R AR 0, [ L i /ME,  ERIGR H I R B A A A
dT X 1

- - __ =0 16
dx  yNEZ+2 7 (16)

/4 'd A N 2 My
fitf: x= —2 » XA RIME R BT DA S oK T
e
35203695
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v2—v%
. -d e v s R . -d
@51 > L MRk E R A — L 4 FEEB.

>

- VAR
HIRIX A SECGHAT R A M, FLSRIE W] DL — S AR e {45 45 AR
Vi

HONEE. WACHTEH 77 B A N0, W(16) AT LAE : sind = — gl
2
)ﬂsing =1 115

m_n (17)

sink vy

FERCEI(17) SO L 05 E, AR AR 2 T P

FIAN B e BOSE 0, 7.2 A0 5B A T 48 10 5 B, Bt
MEETAREAS T “HP s .

1.3.4 B

T B 1.

R “HTAERRT, 0 TR, WS F RN + IR, A
SR A A o =

SULICE PR T BRI, T, ISR, R
A (OB, K B P A WA A A SR AE 0 A B
EH S A I, = XENTT. S ARVE RIS R ALK, B T
1< i < il Rsindy < 1, RORAEE S 2 4 S B0 o 7 1 5 3
b

WSRO, il =4 K.
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[ 7 ) 3R A

HEEESHETEER
JR B AmPI B R, AR R o, AT IR YE R ShE e O
p =mv (18)

iR AR E R (FRREI T, p=Yp):

dp
F=—"
dt

TGN SR

19)

Theorem 1. A2 F Fla A xR, NI FphFlag,
HESTIEERBA BRI ERE R, B

Theorem 2. XA FF BAER, NI Fp HFE=E,

HEEEIE S ERETIE
RO LR 2 0 SO LR B E R

L,

E, = Emv (20)

KRBT WA EN TN S R B REE B KA S i sh 2 A
AW, R AR REILNAE, -

Theorem 3.
dW = dE,, W = AE; 21

WK, HEREPAWIERNE, NS EATEE.
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Jot R URI2AE 48 5SS RS 20 AAE B B (@)oo e AR$EShE S EAE
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&

mpvy + nmpvy = mpvig + MaVvog
1 1 1 1
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ez bl A, Y EH AP AN NAETIESRES, BN

IOR/NAPIAIF

(my — my)vio + 2movy

- , 22
Vi my + n ( )
- +2
vy = (my — my)vyg nivio (23)
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THRE — FRRIGOL:
OFm; =my, My = vy, va =vip:
@Fimy > my, Hvy =0, MWy, =—-vig, vy =0
A LR IX SRR AR DL 4 Wb 38, T T A48 R ok A i R

— 4t RalE

YRR R TR 4R R E O R IR Qe v,
Sy A BT, R O o, Mo FO AR L A 2 ;><£_
JEE}EE?#@@ISEI‘JE ,l{_:_':'f‘k:o m,./"?zc v:
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2.1.1 BEXE

A ERKIDIERACTHIE, VEEN (N <109 AMRENRLE ST
B3, G NREE A Ry, WIS ST (7 sUR T D, B
ANERHONEEE A AR R 2T N RAOIEED 0 i v = C (CH%RHED
FUNERIE RO RE R A B . JEAT0 (Q < 109) YlRfE, 4rARI%K: OF M
AR @I ZIT B KN R

2.12 o

I B /R — 24 0 PR R TR R D, R e ORI, SR A A
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do?)
dt
flffFve = v+ 2CT, W2 Ul /N BRIE AR ()~ 7 #OZ S SI G I iy, ZNERTA] )
AR KN RILLASUAR.  Fr DLE) ] 1) SR W AR R K/ DI/ ER, IX
MV Z L MBS AT DR, X B A TR,
i E] 5 22 FEO((N + Q)log N)s

2C (24)
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22,1 BEXE

W — AW x HIFEEIRG UL En (n <22) DMEE A FEMESER SR
bR, —IFEREATERER IEAEBR G b, HEHASHERABR, BRASILNE A& F15 .
MLV SER—ANVIERE, BAESm (m < 50) AR &K AEN, Frg R AR,

“bz0j3570
SPOJ Challenge Round 5 C
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RSN T PSR B RN B 9. O HE L — MR
RiEA, BATTUSHHEEX, XEHATIH.
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27)

M
77/‘5: l = T o [/‘ ’
fif 1S N JITEA

N

M 1
LN =5 ) = (28)
i=1

N
Z LI Y B Ry SR, BT Al SR AR SR HHH(N) = Z %
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MR LB RS, SREmASTHIEAEARER, WA ES
F&a

I, LB AR U, Bhi = it 1S 23275 2. 07 2T B
HIFS SRR, A 2 B Tk A2 — Ak 32 1A -
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72007 ACM-ICPC World Finals I
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ZH B, ERIS Ha — IOL T S IR T L.
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Us LS E =i s L Ly LA A A
P (a) 0 1 FH 5 H T v A A B R T R T A5
IR, — LR,
IR, — IR,

U, - Us,
U, - Us,
11+12+I3 =0

ATHRA
_ (R, + R3)U| — R3U, — RyUs

I
! R\R> + R,R; + R3R,
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MW e @R U . IR A EEOM + N3).

42 EIPAMLR°

421 BEHKXE

FE—MNEN (N < 500000 A5, &% 4 E#HA — AR =
10000Q T FERH, B i1 s AR i — AN BEAE [FIFE ORI B PH e b, R0
KA K AT 50. M (M < 500000 FAEVE, 43 WiRh.
OFEuRIVIZED BB — AN KN IwtR H A RFS Flur R
@i il s AR R CBEREHIAL L N0,

422
WA A B XA N T YR, (EAR TH BT BAFH AL 5 4681 K AT
oW T A O, AR R AT A,
Hroot. WILHF &l T £ G Nson;, LB Nfa, FEH Ndeg,, WHNU;, &
i fa, 530 EAJE AW, OB R, fa R R LR N L. AW
JEson; # WG DL, SRR R G, AR R AT fURIR T R

LR+ W, = l]fai - U,
ILLR+W, = U;—Uix € son;),

le - I

Xxeson;

9b20j2805, CTSC2012 day]
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FRERFERPHYIRITR FUNSB P KR
HE IR

1

i = Upo, = Wi + U+ W, 37
Zee | Ur Z( ) (37)

AT LA R B U FIN 5525 U 1, ML T BIUAH G, ) 10) () I i AN 25 2 B2
Kite TREMFZEREGHEN — UL, B0 FERHESC R, EIOYIRRE ) ] f
155 T LA E 4 MAR Y RirootJ T 96 B J13BHE 1o 55 5 B HUMU 5, B3 BV 1) 5%
R, WU; = KiUyp, + B, HH K MB 2 R SR £ -1 H 5 Al Fi 26 K ) R 4L
BARU, = K U; + B, (x € son;), HLNGBT) n[t5:

1

U; = Usg, — W + KU +B.,+W
deg, f Z( x)

XeEson;

1 erson[ (Bx + Wx) -W
= Ufai +
degi - erson,- Kx degi - erson; Kx

1 erson,- (Bx + Wx) - Wi
- Ki - degi - erson,- Kx’ Bi - degi - erson,- Kx (38)
JEIEA AT RS, B Bhroot AR BB A4 i, FLSif R 7 AR

%?%T*ﬁ%%ﬁ%ﬁﬂiﬂw%=zAZ(m+%ﬁﬂ,%uﬁ:

Xeson;

1 Wi
U==-Uz — —
PR D)
1 W,
Ki:—,Bi:——l 39
= 7 > (39)

SCRE AT KABHSTT LA 5 336 4 Ok, 0 ) 0 IRF A% 7T LLAE IR O(L) (L9 £
KR KD SBHEU, THESOW BN 15 R T B SRR (B 5 ) T %
HEKABEITT, 28 HE 7T LU B O(L).

SN A 28 FEO(N + QL)s
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XRERFRFPOWIEIDH FUNSEZ DS R

43 HREAR'

43.1 BHKXE

AN (N < 100000 15 5L HAEATT /U2 — MEER IR, BEAHZE
PR =25 0] S B BH I S 2 (BT D) Ak, WAL SE =% S
LT R =2 FLMPIE B A RT3 x M MY, A0 (Q < 10000)
AR, S RPFh:
OAG e A e BH 1 BEAR 5
@) i) 7 2% 28 2 TR P 25 35k HL BEL

HP A ESe (0<g<10) KERL L.

432 fEE1
AJ DAA T RE B TSRS REBBE, A4, 1. B TE) R 4 FEO(Q - 2TN?).

433 fE@E2

FEE LI ) JAE T B B R B0 2. LB B RE Al nby “Y — AR 1115
W 1) PR AR 2R AR B AH %

E X5 SEAER FLES NS (x), Transform(x)& Ly diiT—
R Y - N, AFAF A GARAT S EAHTE HLS () i 5 26 P9 9 32 Ha BELAA) Rl —
AR, BT NGS5 WIEBRSFHIMHER, WAAEER A0 LR
HHS AN HIE, PR IFERZ DA R BHE AN FHZXMHA, XA
“Y — A W] DUR 2 S b PR SE B

N1 TR, Ha R 2 B 2 — 2B I HL v in 1 7R 4 B ARPE T 2% B 117 1 i (1)
(R

10b20j3556, CTSC2014 day1
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KRERFRBPOYIEDR FUNSE—PF FEH

A BN R A RGAR . HA By =
C. D. E. F. G. H. IyilZt i34, sl
FE AR HLRE, T o B EE I ) L E (R DAE AR
VUG SN0 ). T rans form(D)I, 755 KILH
BN T ERPR CAOREDRFEHEM. it 2 F
HTranform(E)MTransform(F), e RMEZNTA
KlIfr, WIERBEEKNSCE——A. B, CEREESG
H. I=R0HE. BT — 25 Adm 2 8Ok T3 e, th H 1
HTR 2 AT 13 A% e g 75 B R {6 #5960 Il ) PR AN 4 4R AR
BLIEANE. B R B —AN5 x SHI 5 FE 20 R AT 45 21 S5 30 B

N
W

N
A

~_"_~

T e DA [ AR Ay AnART R — B B Dy — 2% 1) i) FR) 7 A 4ol AR A - 4 i )
Hex 5 B a2 W2 R R, A B s, A7 s (R34 8D,
E. F) HBKIKTransform(D). Transform(E). Transform(F), Wt R T
T RMUT “Uegm” BT AR AR, RN AEPTR. Rt B
BEIE M BT e B0 O BE R R,

H T TransformiZ F2H — % B H Bk GX B2 3 & &5 88 1 “Y — A%
7, Tnf IR R RENOM?)), BEANFIERIR R 2 EH0Q - (kN + 5%)).
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XRERFRFPOWIEIDH FUNSEZ DS R

434 A3

Hszmd k2, ©an] UK AN [ Ul & — MESuL. 49 1 RHE S
AR H. A% R Link — Cut Tree RiEATHAL,

NT iR, WILATELink — Cut TreeHt ITAN — INRIRIA I e RN A5
YE4P3 x S HLPHIL, ORI ZM ) 43 5% A AER I3 AN HBHED AT, 5
A3 TR RO T B Y L 1 Wi Ja P A AE R, XA AT B
Py FRUEE 7o IR AR S 8 R E Link — Cut Tree 155 i) 1355 KK
X, R EE ERE BBV, & IHE BRI, R K IH A = E oo
fife— N TR R,

i 18] &2 24 FE O(k(N + Q)log N + 5°Q), W] LU L 4= iR B -

5 RL

HIBLE LA BT A (5 B 2 B R 8 BRSO R 2%,
Bz Y (TREM B WS des) T wlr DU s B A — A
on AR R B A AR S5 P I e R, T A5 i i) RS DL DR M k. IX
WL 7B g0, AREIL 115 B B e i R

RAEER, RS R TR LSS BA AW, NSRRI S
WV 208 B, ik A R ERVPRE 48 AT G 52 21 i R — e 8
ZiY
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XRERFRFPOWIEIDH FUNSEZ DS R

S5 3CHk
[1] MR, CBUETERAITGM), EERE AL,

[2] BB, (Fot ARG S SR B3R T 220 ), T RS2 BOR R 24 A
#o

(3] &4, (% (WEZR)), JLnURE L.

[4] FERKR, (s BRAKDL 38 SE SR B OB - R G i), PP L RS BOR R 22 R
s

1715 P 1k
[1] #1.1, http://acm.hdu.edu.cn/showproblem.php?pid=4969

[2] 1.2, http://poj.openjudge.cn/challenge5/A/
[3] #%11.3, http://www.lydsy.com/JudgeOnline/problem.php?id=3695
[4] #%12.1, http://www.lydsy.com/JudgeOnline/problem.php?id=3570
[5] 412.2, http://poj.openjudge.cn/challenge5/C/

[6] f13.1, http://www.lydsy.com/JudgeOnline/problem.php?id=2048

[7] #%13.2, http://icpc.baylor.edu/download/worldfinals/problems/2007WorldFinalProblemSet.pdf

[8] #14.1, http://poj.org/problem?id=3532
[9] #14.2, http://www.lydsy.com/JudgeOnline/problem.php?id=2805

[10] f54.3, http://www.lydsy.com/JudgeOnline/problem.php?id=3556
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AXRHAE AN REDE_TOPF FTLF

F R T8

KIEW5H =TT

1 &
201545 F DAL E 3P, —il I ALY &AL %A B A7

1 mEXE

e, ANeh BT, R 25 H 1040 5 N\
iR BR A 1FD, A AEBR#1128M, %7 Special Judge.

2 BTt

2.1 AnERIEH]

TR, FRRIENBHRMNBBLZIEZRE, BOETAIRN 1581
G MR S5 AT AR G R T SR AE P AE A A E R I (WC20143EH
EML, FIWC2015AKKFEF), 51K T RFB KM,

S NTIX P IE L H AT, “AERENL” R R M, SRIEE—NTTRE
PN, “RRREFT” ZEHEF MmN, Rerfmt. WiEsWma %8
s Bl “HERE L PR R BARG ), [EIETFFIN CRKRE
77 BRI AERR P IsT AR AS, FFEEF AR KM 2 iiil.

FEERMP =R AN BFEAEH, SHERMAET LALE TR
R TR — “AEfENL” SRIZRIN, “RRET” KRR, X8 “%
SRR 7 B 4 H B R H SRR T
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ELNAE R KIEHE = +Mhs FLF
22 1Safhit

X8 @ H AR DML G B g T PEI, A 5T A % 7 4 4H i N\ B HH B
VAT, NAZRRZ NARE G .

EIXE S EAE SRR Z, /BRI EGSEE, Y1058 Nz sk
AEAS 3110757

2.3 EIIBAENEDIER

1AN90%r, 3AN704%, 2AN60%r, 2A504F, 1A204%, 2AN104%, B&AL T T i
R

24 UOJRBREBNIE!

H 45 PLJS, #E£Universal Online Judge E#HAT T 8% LLEE, R FTA ATFHL
BAENI T 20904, 4A804F, 3AN704F, 2A604r, 1A50%r, 1A40%%,
403048, 1A204%, 5A10%%

25 BORE

X FSLPRIE DL, P EELS~3020 B ROZ AL REAS 211070 X B REE HY HYE
RT3 B A TR AT BE 1 SEBR TG

3 BBERER RS

3.1 Mt =1,2,3

R=AM R B S, AR AR, i SR A it
il 3 = k1

TR A ) 2 i IS S 2 R e T ) RO RE T AR B LR B 1) 0 B
% (B, g A A TS AT & B A LB A D

3.1.1 ikl
BINGE22, HH K N2 R bk, HARoRI & 2k
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AXRHAE AN REDE_TOPF FTLF

MERIT 96325 5y R BT R OB, AT A5 H B o of g R 3 7 3. M0 dA o
R0, BRI B A Rl

3.1.2 i E2
EINE33, B KR 35245781 itk R, oM LB K 4 = 4

7 E L.
[F] o 7 5 31352457852 533 PRI, wI AL REP R ATH: VUG
‘%IEIL:”O”, ﬁ%ﬂﬁjE%, j;E”O”ﬁEE”l”’ TE”I”/E)&”Ol”o

3.1.3 MiXE3

EINAE12, R K NS314520 = HEd B, =R B R BOR SO
{H2OMH 2 — Rl

HERER1531452 =32 + 11, WH R BAE T A K E 121 =i
il B AR 7 B HAE T BN

IR AN TN S 48+ BTk AT DLE L T .

3.2 Mt s4.5,6

X = AN S B e R S, B N SO R SRR A R, AR SR — AT
— A, BTN Rn + UTEAT—AEG HAaa 554805 50 % N g SO B X
RS

TR AN e 1 3 A R B R T BRIk T i 22 T T e D AN 22 I T
=

KB4 A R RAR ML AR fE AN B LA, R A RE R AN s
B, B9 HEHZ104857601,

M104857601 = 25 x 222 + 1, X JLANML SR AT 8 5 FFTA ¢,

321 Mk S=4

a2, BT
FATTAT LA 22 i ) 22 T R v 5
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AXRHAE AN REDE_TOPF FTLF

322 MiX=S

a2 Ui, EHEEIHIT,
FATAT LU 22 1) 22 T 0T 05 15

323 iKsE6

SH— 2o, BHEFIT.

H 104857601 RFERYE T, XN & 0] PLE I =R 7, (H2 A
2FFTE AT ?

TE B B A S br B (e + 1202144, B AHASEORAT L T,

TR SH 5 92 Br A (x — D131072, o )R B A5

K A6 i N R 5 A R R AR BE AL, H R IRATT T DUSE W da S A
%(ax+ b)1771470

MRYE S — iR 5 —I0, A3 J7 1%
a7 = 22131490, b7 = 43392819 (mod 104857601)
AT
a = 23333333, b = 33333333
EANER—BHRFEN, RN,
IXFEF AT DL K 554,5,6 7.

3.3 Mits=7,8,9

R=AM R R 2, S e A QAR R s gk, Horp
MK R TEA IR 5 82— FRH

TR 1) 2 i AR B 2 % e T e A A U T £ 7 DA B g
e EEaY AlINVASER

331 MiKE7
BECRIAEEE10°, WHUR, FERIEFEENL. AR 2% R s

F208 400,
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AXRHAE AN REDE_TOPF FTLF

MR DL, RN SEE, ZERNL0, HMEREr0. FIFELE
aiFloodfillsk o] LAf T«

3.32 MK =S8

S0 UIBENLA OB, 38 BB, BB . A 1A (2
AR ELBK,

WEEERIN, B FE A W s (D b BR AR IO A e KA | T Hdfs BEATL BT LA AT BA
A R AR e

3.3.3 ik E9

i XS S8AHE, (EA RN & — B, ZRERRBEEMAKR,
1M H I T AN 8 115 Ol

] AR AR 2 B A ), (E AN 2 e +oo, AIRISRIEIE N R &
MBS DR £ 873 T AT 1R 11 A2 P a5 1) 5 A2 A A e KAL) /ML

A 4N B RHE T G R IR RR & H AR R A A4, T8
M) = AR E SR P IR,

CHoR, WAL — /N BTG b =), A @A R, B bLE
X E TS

3.4 MiXe10

MRS T0ERAR P REFI H H O XTS5 58 AT IR A 1 S il 2 1R
XEF o

{H A2 B T8 H P 7 2R A G 7 =0, BT DB R T A i A\ S B
AR, 04 SR AT R T BL TS

4 BE

FEELIN AP 7SR, AR SR RSO T AR G ai Uy R (1 185
i L LUJA = 5 2 A AR 1R gl B k.
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ALBVAE WIS REME_ NP FL¥
5 B

i LS S R R

I ] 55 31| A 280 4 )R IR /S5 A1 5 B0,

T 3 ) R TKOBT B & T 22 S R A 1 77
SRS 0 ELI B SR YITBA 53 R0 2 B8 1) 4 [ - 1 (1) Oler
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DP By— LIS BHHE—PF KisiE

DP B —LEAL LTI

XTI — o SRIESE

1 &
ALK A LFEERPT T oF LM E X2, ALFHET % T4 DP
AR T ik, fe— AT

A
it
\_‘_
>+
ke
N
*
St
3
_4
A
B
&
B
e

1 3518

DP (Dynamic Programming), BIZNaFIK. J& —Ff i 42 5 n) 750 i A %
{7 B 18 1 ) R R SR A 32 1% I ) 7 v EILEEE, DP —H{if5 BE5wEd, U
HESRETeMul FAE I, mHRIEE R, MREZ.

—USE WA, AR, DL DU TR ANSE AL ST AR T LAY
WX OAEFIEHN A, ACEAH——3d. /EEMAEEE T — &%) DP
MAE T, FHehl 7 — Lol E S B IR AR, ARSNGB
() 7 227 SR B 2 Bl 1R 3 B

W ARSCERENARAETT, # R 7 R W45 B R A E N
T A

2 HEES

2.1 FEFEFRE MR

FEAS AR By SR v sk Ak, DP B 88 BIH0E KA CL R 3000, HOfE b S i B
AEH— N ARIIE £G) BRR—ATE, 1M G+ 1) TR £6) Fe L— MR R
FERE A 193], FBAFTRI f(n) #iAT LS AL £(0) x A" FITER. 1 T-40 P il 12
GEOTE, DX TEE AT A ERYGERALE AT,
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DP By— LIS BHHE—PF KisiE

DALt T — SRS B JF AR RBOCAE R 2 IO, R LA R84 Y
Fei L RALALIZDP,

22 {IEEMR

- DP U LA R0 SR 1, I T DA R PR o SR AT
MAERT. 0/1 BAGRE—MUTFIOHIF. T Boas bR R A 2k
MR T, T L S MR K (B T

23 MMURESHHE

f511. (codeforces Round 265,Div 1,D)

PR —ANAT—RKFR, HFRPH kRS RS WIE R4 R
B, AAEFLITE, SRR EHAMIIE - XL, FMbth X
T: AFBMBEMAEENFE, BRERZHMENELZSANFEA L, WERLE
A ~r+ 1] PHFRERMBZRENFR BHEEE, WRZELSALS
MFROFRS, WREAEZHEERSE, BLEHESLE, TUNRE2AELTA
MRS, FRANIGERENELi 2T, KITT n AREBERFE PHHE,

FIECH: n<10°, k<100

2SR, TSV A LR e T AT B — Bl 6 54 2 (01
SRR ST e AR BB 2 R

B fG ) AR OAH I j IR T, T | ARG 2 & .
AT LA EIDP 7

f0,)=0
j+1

f@D=%;;ﬁjUU—LmMUJD+mMﬁm+k_

L. .
k f(l_l’.])

1
k\j
XADP HREWER CLME] 0) T, BILFEATT LME B AR 8T S 1572,
SE M 2 R AR T NIRRT R AR ? EARE S, WRCEHE TEH
A p H%EE, T RAFEISEGON p+ L HIBERA o Bk, WAREARGE T4
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DP By— LIS BHHE—PF KisiE

R T (%, AT BEIEON 2k + 3k + - + Tk ~ ¥, W LIGHAT
MTnR%%%%%ﬂﬁﬁJ%EEDﬁﬁﬁ&%%,ﬁMEVEEﬁﬁﬁ
WKL, WIGAET00 ot RIL B ZXA AR, B R A SHIEFEH
Bk WRLNB, FE L B~ O(Vn). HLRATHRLBRT 1 O(m+n) KL
o

KRBT TIRACRES I T73%, fERIE T B R ERBLT, BEEIM TR
IRIE, AR PRI )T

2.4 HHE

M Z O A P 1 — KRR, (H LT I A B BB ™ 1 (Y DP SR VE BE
ARk, TSV —IEIET BERRME B E NE, orERmEE—2 0
JZDPH N o

512. (topcoder SRM 526 Div I - Level 3)
— N nANBHELS, —ABRXBS. BARESFTHEMLE—ANE (&
REMAERET), £ KREEABRRERT, KT+ S HAGMERE.
FAETEE: n<50,]5] <500,K < 10"

AR — T IRIEBE. B T HZERINE, #ik 16, ) ®on: &
AT AL T S 1 j AR, EEENLE A E R S EZRITERIBIL T LK
IR 5 5 DP Jr e

1 n
FG == (fli= 1 trans(x, ) +val(x, j))
n x=1

Horbtrans(, j) RS B jAIFGEULES, EMAN T i NS SILERE] T
WEEL, val(i, j) R R IEEC IR AL e f(K, 0) Hi/e 2R 14E.

FE AR A 2578 ILIX AN R 7 Rt 2 A R A B Tk oAb, BRARIXAR IR,
HRHTEERER R CHO(SPlogK) ), F&Ttikilid 4 e Mt FRI.

WHRFTH —3k f RER, sEe RIUE i BERIIRE (FHL L2 i > |S|
W, SRR j, A fG ) - fG-1, ) = EE! XA DU A A
H TS I U B
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DP By— LIS BHHE—PF KisiE

BT DAL 7 x N T, BB x+ 1Rk E %,
VUERUE U x + 1A SN B A N A BRI UL RC NG BB S K
NL, BABRTEH x+ 1A B SFIA KR KL, S5 e L- 14
FTAA R M x FMEIZAT LR, 87 L— 1 PR apL R 7. B
FOEU, M x KT LI, % x MRS x+ 1 ADE ek stk v 577 50—
e BBl EIRR A TR X AN SR R R T A < 1S | AR ED
e BN O(SPry » 2 LUEIE .

25 DERESTHTE

f£ DPREH, WRSA AR IARW AR, XN UK E
1170 AIRATIZ FORIE B — BB 5 RCR. T IE —EEEERA T T,

513. (topcoder SRM 639 Div I - Level 2)

—REMF R n AT m NPT BT LZERFE A E, FRKTIU
B —AN01 4E 1%k & o HFRBET AR —F T A RH K-FOGTRIBAANAET Y
%, REHF®RIFE—T. WENERIELELSGABENETOWREAME, ®
HARfgfe ke —mF L2 L@, AEERBUETRERA SV MHER. 45
TR % BAL L | T 6948 /2 R FEE T 6912 F T Flo

n,m < 250

—AMREBESARE A W fu,d, L r) BoRERKR GRS B LR w, T
Fld, £, L8 r 07 FERNAZESE T ORI T W25 B,
ARG IR R T AIRES N true AL

ERXANIERRER R, TFE . F b FREEREET &S
LB BT A I ). AW (ud) 5 (4, r) HSR EAEWE. k3K
153 BT — T B A1 BN AME T,

FREATR KO, WRENESLEH T XRS5 — k9 m
s, wE:
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DP By— LI5S BNHE—PF KBk

[FRE B gt ARR T IRIFERI T, AT DR IS ) ) A m) 5 S 90 v s A
EEM .

ZRERAE—MREFY, —E~AH N, —SmEELR,
Wyt VHVVHV o BT HEWA HV Z #5250 00, Br DUaT DUl o — & 5]
LHALAR A ) H #AHRE Vv AT, s HEE B v B HE H BAT . Q.
VHVVHV — HVVHVV — ... - HHVVVV . [t VHVVHV §1E%MF HH 5
VVVV &ik. FTUTATRIIRBEET SBERHTT T, &ENERMAHE ST
MEITITT STk EREITITT &

EFER AT DR BRIt RS 7, BRBER NG (BE X EE
H90RE), H f(u,d) FRERARLTRITH BB, T2 4R, BB
Mezadh 7% 4, XA HESCR 7T E AL — Tt T LA R ox®) 7, 2R
JUEiAlid 8

ERMAIFBAA LR, FXEERFET fu,d) PHw A d 2R IT
). 52 AT AREZREL, H AR UL B 5 T . R £ ARk
ARERIHTIR, AL IL P UERAEY S e — T2 . WERALE] TR, HT
PP B AR R, B BUB L ST IR 88 0 T DA se it &6, Xkt E 1
BARERAR A Dl PR BAT W] AR A B3 R4 5 56 T 9 31 70 &
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DP By— LIS BHHE—PF KisiE

FER R N ESL N (a Eriis R B, ATAZEH fu) &
AT FORKIAGE S RET B B3 u B DL. XPEE RIS T 0(n?) .«

£ Em sl 7, RATRIMAL R B )G, 5 44EIRE BB A dr ik,
AR T AN TERMIT HEIRES, FEFP IR 28 BERRERAR. A% € 1 H P
AR REIRAF AN H RSO

26 FFRERHL

Ko (8 e A, s B3 SRS (x, f(x) SflfE — 48P b, REH—
SR BRI EATT, IXFE— A DP Bt il A — 8 Be s HOR KR 7. IR
TIETT UIMSCE SCAE S0 E RS R TR, s 5 SOEEE R RGOl i H.
R 22 ) 18 R B 2 5 I A

514. (topcoder SRM 610 Div I - Level 3)

—MNnxm®gF R, —%H K, FH4E (a,b) REBEA—1NF. BX
TRy &, 2R Fn+m—|x—al—|y—bi| 898&%. % i IRBELIRT AL
Al dx;, ANETBDIRRALL dy;,, —TFBHRTAEEZTEE, KR K&K

K <1000

n,m < 10°

AR x 5 y L F BB AR, Fr ART VA SC “ 7 BRRES Y
AR WITENR x 5y 25, B ONBI, B fG, j) N i B, NAE
Kb S REARAR A R oK . IR A%

fﬁJ)=Qgg;fa—Lkﬁ+n—u—aA
AL MR A 03 ORI Tk, TR ARSI 7 . 4 1)
BB RATTURIL £G) 1 FEC AN, 50T LR 40
HEW. WM, RATATLAE A F ke G 1) R ATAE x = u &b,
W2
A R AR T S R
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DP By— LIS BHHE—PF KisiE

fG,p=fG-1,j+dx)+n—|j—a (j<u-dx)
fG,p=fG-Luw+n-|j-a (u—dx; < j<u+dx)
J@G,p=fG-1,j—dx)+n—-|j-ail (j>u+dx)

FATATLURIL £ - 1) 2 £G) KRR R o HE B i sl 0 BT, PR —
N, BRI LA n+ ) - af FIRREL BT RABRATTAT DL EL IR 4R R B ek A 2 By
HIEIP

SOREMAALE] T O(K?) .

f515. (codeforces Round 172,Div 1,E)

B —2NF7 x(l.n] 5= g,a,b(a<bax(n-1)<q), #HA1<x <
NS <X <q) e AEZER—AFIyl.n], By, <qga<yy —yi<bo
hE BB R I (0 — x)?

FABTCH

n < 6000

1<gq,a,b<10’

WAVEIIEDPITE:  fG, ) FaRHE T y1.d], FHHy =i, X (e—x0)?
wheZb. A%

£, ) = (kéljlg fa-1, k)) +(j- 0P

WA AR TE @ BRI y AT DA S8, X 1k 53 1K) DPAR A AR AE K g
IRATIR S B — @R 0%, F fG) A BREORE R @&tk
ATTSERPT A5 R B R i (i R 5 B — R0, Rt RATT T A
M5 E— @ EFE R 7R 4E 5 X e Bk 2, R AE S () R i —2
IR PR B R o

HRE: On?)

BT ZRERBCRE % 7, PrUFRATe] LE 4R A1 S8 BONIX P
AR BT A& AH E o SR A AR 1B 21 7 e 3 — IR ek B B e JRATT ORI A 1 £
VE#R 2 W] AR AT R SEBLIT, B AIRATTEDIAE R AR FEFE N O(n log n)
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DP By— LIS BHHE—PF KisiE

2.6.1 INES

Fes AR R AR A B — L8 Ah 7 VR AR AT DUE T AT S22 R B4 o
HAe” W5k 2 I3 IRAEAR R AR o SCEARH KBS L5 s oL, i HAA AR
Hommdn Nk W 5 EAEH TR I E A T BdE LA 7 =

27 BERIAEHDP #HH

WAAZERWMTHE: Hm NMEE, o M E. B EEREIERAERE—
Mg b, JFFHSBREAN TR R AR, RAEHAEE b KERER TR T
R AZERM, REEANCERB T G, ) BrnmRELE FAH T
MEE, BREERIZ /D, BRATTLLHN & IEXEDPEA. LUiifE &I o L
5 b ARG, WURMAEab EEMT jMEE, a+ b ERKRERIZ D, R a
BEM T x KR, bR Ty KEE, BAGIFEHRA T x+y IKEEME BT
DR EAR, &3 — DK x WA S — Ky IEHE SRR x + y KI5
Ho HIFTIAHRBAR T UBRRRENER T HRRAINZ A A&
FEEATE?

FATAT DAAEIZAN 7] Y Jg B —KDPIR E F: B — K x MU E M —
AMEN xS, TEANEZNAm. BIFNEN x5y WEATFELR
O(T(x,y)) I, 53— MEN x +y 5.

AT | DR HIBE s, 5T RIRYE T RFEHE R,

& T(x,y) = min(x,y)
XAME SR L, R AL PR IR A FERE AT
FRREIRE: Y, O(min(x, s;)) < Y, O(s;) = O(m)
B LOZAE LI IR EE R O(m)

ET(x,y)=xXy

XA L2 B B Bl L SE TR R AR S, SRR
& O(m?) AR O(m®) Wl KT —xi, FATAT LG B R & BUE ) R,
AR — R, T, y) HESMZEEA THMNITE SUILE T % X
AT EE R R X A S EAN] LCA MR RIHAT T .
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DP §9—Leff {5215 BHHE—PS KB
FrehZ G O E RN Om?)

ET(x,y)=x+y

XA FRAT 122 Bk U B N B3 /M) B 9
BUERB ISR IE. FATAT LB i R A s 1 & B Y s
KB GRS B RIS K2

HE B, RSO BB kik T RUE RN L2, BT K6, 5
TR 6,3 BET KT, IR EASE R T S, BJE R T 8B R T RA

HT Ty =x+y, (Rl MBS BRI R R FE ST B A FIBUE 2 A

complexity = Z o(s;) = O(Z s;) = O( Z s; X dep;)

iisaleaf

b dep; N i IR
IAEFATARNRIM 719 R R LA, PALS fO, AT RAHE:

S9 = S§7+ 83 (1)
> 286+ 53 (2)
> 3S1 + 2S2 (3)

(D)=HERIQ2) 2 R N6LES 2 HI A, FTLART DA 2] sg > 56 5 (2)F(3) AL
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DP By— LIS BHHE—PF KisiE

MAE G R BLAR AL s, BT R AR R A, DI B R
f:

Sroor = Fib(dep;) X s; + Fib(dep; — 1) X s,

Horr Fib(x) NEERFLZEINE x Wle Spoor IAFTH RALEZ N m o FUILA]
PA#3 3] dep; < O(log n)

FrLAZAE LI E 28 FE N O(m log m)

HseRAHGEIEs B WM. THRE A/, A8 n) DUk 246
51 EEH.

56, (1% 8 7 2015% | BN Robot( 7. 4) )8 %7 %)

BanH n N2, CNWDPH K CZET A F —AF &k “Haas
A" WAT—FE5REBK, nFHEOERBEKAImSE, AEHR Q KN,
R E TR R A6 RME.

n,m<10,0<5x%x10°

EI2.1. B — XK I R EHEHSANA a1, a0, ..., ay, BRI min R 89, W
[ 9B A O a) 9.

KT R 2.1 WIERE, TRl PR LURT ATE WL Robor fift iR 2 o

R E R 2.1, WAVESIFPI KRBT BN x 5 y BT gt LA &
R 2 — BB T x+y WATZ T B TR BEUI NN x 5 y BT 4L
min BAEH O(x +y) WEIRE, FrUlEZEMH Tx,y) = x + y WL, &K
e 1 25 SE M BUD I ZRBOR — 8 min o TR T IRAMITE, PTUEREN
O((m+ Q)log m) . RWHH &L T, WAL IRERLLEZR O(m logm + Q)

3 BE

DPIRACTTIER R E 2, AL)FEN. AT G400 00 B H BT, &8 E
&R T %

4 it

BRCCEHE 2 S RIS 10 T
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DP By— LIS BHHE—PF KisiE

U — I FR & 12 0. W2, SR T 2 4R 4G T 1RO
AR o

B TERAIaT R 77, BRSPS RO A .

AN — P 8. AR, BOREILSE R 20 AR BIA S K.

SR FLA T A 3 24 BRI e (22 DT R] 22

SRR A B — AR 0 — H IS flAS 28 0 9% A1 BT

5 SEEk

[1] topcoder SRM526 Algorithm Problem Set Analysis
[2] topcoder SRM639 Algorithm Problem Set Analysis
[3] Codeforces Round #265 Editorial
[4] Codeforces Round #172 Editorial

[5] Robotff# @it i, by FKIEHE
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Product 5 IRES TRMEEDPS MG

Product AR &

TR AL

1 tER
1.1 BEmEE

AN = T8, p% M = [T, pYs Horbp /& W A [ 1 2R 2

RAGNFT IR A B AT R, W EN = [T, x5, &%
XF10° + 21 B,

XTI, SR T B < i<k, #IH X < Xiro

T2, BRI B R <i <k, #HHX < xie

XA T ) AR B SR T T B R < i<k, #Hx 1t M.

R F 815 R IEMEK S35, RA T 825 R IEFE G657, M
HOIERR 3110 7

1.2 AR

BAT A I Hin, ke
EERATAN AL, i RoRa.
LT RATAD AL, RIS b

1.3 Mg
—AT AN, RoR T IREN AR E.
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1.4 HiEScH

HHaH's | n a; bi

1 <5 | <5 <5 <3
2 <10 | <20 <20 <

3 =1 | <108 | <10®| <25
4 <50 | <10° | = <20
5 <50 | <108 | = <25
6 <50 | <10° | <10° | <10
7 <50 | <108 | <108 | <10
8 <50 <10® | <10®| <15
9 <50 | <10®| <10®| <20
10 <50 | <108 | <10 | <25

iR v6FP, WAF256MB.

2 —NMTEEGE

FJE A AL, SN0 R XA EON R A
(0, RN IX ST RO B B AT — R, SRIXAER X R4 5 i Al AR
NG X B ) ARAL B R A2 R, T DARRAT 28 I — 22 T BUR AL R
BN RIFPA, B AL AT S5 8 R AT R/ P K &R

2.1 KTEEHHE

B EBES TR, BT BCE AR, BT RL R AR A
()77 SR J5 vk L IV AT

FEBTPIRAR, S0 TEEDA RS, s 25, TRTLEERT.

LR A R 1 7 S B0 223 . T A IR Fr 7 o bk R T A
R ] F1 7 SR e St i 48 L

KT AR s, # 5,0 WERER T HAAREES = 50

BSRAS R AR T T R TAE, T A B X 0 A B A5
M, R FTE BRI R T E TSN,

1 SR X B PR 02 ) I
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R RSN EN R RANTAT 7 BRI A R L85 3 A5
M 22 RN AN THEON S AN AT X 53 ).

IR A ZE BR ) O RS . FRATT AT DA — AN R, MR SN R R
gy, FTCAEE R IR 02, 0B RER R —RIF I EEES R PSS
THEJLX.

BRANECY DR, FMRERGI, A —NFEMEML T Ed
Bl B E@S A SR RO R, Wt S .

BN HaA S, HAES axi =k, IAXT R REAR S TH4EA
BRI A AT PR B 1077 S48

ﬁ%@ﬁ%ﬁﬁﬁ%,%zm%ﬁﬁ%ﬁ%ﬁ%ﬁmﬁm’%ﬁﬁ¢mﬁ
MG ZRGETTFR, Frbls 2 R isa !

%uﬁ%ﬁ%ﬁﬁW?

RO B TT S0, 4 T OREE L R AL

LS Fmn N RIEREES, e«(G)RRGHIIAEL.

@ﬁiz/l\fﬂﬁ]\jﬂphpz, s Pmo %B/A %%’1?‘920]6%1 "'Zcmesm (—1)221'6(@)0

PSR SRANZ AL, AT, Yees,, (- 1D

g = ZGesi(—l)e(G)’ Fﬁu%ﬁ’@?ﬁ%m& 8pi°

R RFEUATRg,, WHUEX FrEa > SR EERA, X TEG, BUE
N1,

KskEmE s, MHER, ST eHEEENPUE, Wldnt
REMES, WEAEREAUE, WS MeEs ST E R,

BB AR, Wk =0, BAEERBUEMN AL, 50 H 5w
YL (-1) (1) = 0.

ﬁ?ﬁ%ﬁ@i@ﬁ%ﬁ%@@&,@&ﬁﬁ%iﬁwﬁﬁmjﬁﬁé,
IRJEX P N n — kA ST A EIBUE SR .

WHn—k > 1, WAFNO, ALY HA Mk = n— 1K, Xtg, Aok, ik
g, =—-(n-Dg,,g1=1, FillHg =D"'G- 1)k

SEEX RS, BLEE AIE AR 0 R B DTk

KR LOP) RIS IR A1 AN S AL R P 51 i) j, a2 il
THFRFR. FMRALTFTRAGFLIEZ,
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2.1.1 XxFgBYERI S — MR

KT gBUEA — MATETEZANEREH, 7EX B AN,
X MNEES, Lgs RRENES N FIE S B BUEM. aRS| =1,
Hags = 1o
002 2 5 B DI PIAS Blvy, vae TR — AN E B B AR AE (v, vo)IX 5514,
AW IX KM R B, 2N @K, HHXRAEIAEEL B CUE AR
X, AUEATAH0. HEAREECA FEEE, e 2 Hkr, KRBt —Eff
FEy, o)X 25, Ff HERXFD A EAER, 7515
FEBAHEX AN T, FHIEMIA TS BN RUER L. A
BEX B G, A T X SRR A TR AN, B 4 A SN T

»

PG T — WS, S TREASvQR <i<n), v, <j<DiE
W, RARXFIDRFANTFEED. FWEERR DG IXEER RIS,
Fiblg: = (=1)~'G = 1)!

22 KRTAEENERFEEMCE

KL BB, TTRUX A, B MR RS IR S, BRK
NS pa e e SRIE ST A py AN BOHTED,  po B ) S5 5, AR
JEAE B 1 A AR [0 1R 7 88 A P 23 352 20 1 B0 2 A D 1.

BB RGN SN KBRS, RERHBREBEEFNT R, %
FRAZENWA, R RN FHIEAFHF T, R #5FA KN R
SRR X 5re MR —AMFSEa N KA RITEN S, HhESE g i =k
23X a M RARTTX AN, Bl E A5 T k. BB A 7 R R 5
T @)y fERTT R BRE AT,

TRV S S M SRR A 7 R A A T A AR [ i
A e Ff— A48

BRI R, T ARy, BRI AN 2 2 1) (G AR .
BT LA AT DL JI MO I SRR, SRS 25 e

ERERAR I O T Py

3 T S 1 2 O % 4 2 TR P 2 R 8K
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P Z BRI T P4, S S @t & 9 Hop R e SN R a5 2T,
LFRNS < T

L FS)RRITE M RTH RS < TR ZEEIRL, gS)RRFMAK
YRS HEES

A f )X TN FdpHRIITE, f(S) = Yeerg(T)*w(S,T), H
Fiw(S, T) RoaRBEE T FE, MR T XA TREAES P8 k.

MEHFRRS) = Sear f(T) + u(S, T, WELREEHHuS, T).

FEREdp, ERMEEES, RERRIER —NT%E, BHEIFSN—
N FNAT TR AT AR AN SN 2R S IR IBUE (=D G - DY T—A
77 ZE 8 Ja IBUE N T S 26 FEBUE I,

NT PRSI, AN TEEITR S, Ml OE TR S
s, i TEANCNYL, P

WLARE AT LR IR Ndps, 5, BIIECEIETERM TEL < pZ I THE, 2
AL TEESIFEREBES NS |, FITREHFREES NS, FIBUE .

R R % 4wl e &I 7T, MAEBRS, N (X T),S,\TiXAIR
&, HAhY TRRTHEMA, [FE R LETX AN E S NS0 KA I 0 BUE R
ES, ik HTIX AN TR T R WRTIXAFEPM Z 7K, B2 B H)G %
PEIXNRE, FONIXE AN TEHEARTTX 55

RFERCREECNOTE, P)?), SRTIXFEAS IR A M %, S, —E RS K]
TR I HRIPIRE, S,— @RS T4, pt REXS W TFHER S, A
PAIZE 76 SR AN 3] b T R B A% P

FZREEMEZR, BeS)EHERRFHMEEASG, BAEE—ERKE
KRS IRPEA S, WHEY £(S) *w(S)-

TR IR HERZE RS K o3 i DA TR, RS R R R B
MR %, RJGEAZALED ], SRR N 8.

2.3 X TFTRIEERIBurnsides | FBHIE

A FEH SR I, 4 n] B AR AE 2 T A2 IR £ AR BT A R B e 2
XIRRBES SEFH AR MR AN, BIIEXSFRAES . T EE AN 4. Bt BAAT BA
FBurnside 5| # fif t

XTHEABEP, FHSFRE T, R DT RAERXANER T AL
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HE2 T8 /M 3 10 TG 2
LA 24 T B R0 B RN R T 2 T O 20
Gy, MBLRKITIRSY, SRR % A B L S R BORE .
FIRTTEMI, #2658 R T R R4 B2 TS KT R, B4R 5
ta N SORHEL aei = ke TREA
95 R T — A BT i T ARG - DSBS, BT A R

k!
™
ko a; o ©
[T, i“a!

24 MEHEHAEZEEAITH

BAMNERR DR FEL, T —ANENEOR S, HEHEE
I Burnside 5| B 45 2| 1) RECH 1 HAE S B NE F R G R 2R TR/ 54E
AR, A RS m NS 2, AR F RECON(-1) .

WR—NEHoHm NI A, A1) = sgn(o)s

FABurnside 5| H, HX AN B TS A X K RXPIEAEH NI TR,
XA R R TN

1
o 2 X7 lsgn(o)

toeSy

R AP IIRRTCR P AR, Bae REEEEREMN T Az T
XA TR BN, B RS Tkl BT COXAE I SIE 58 T
—‘{j_'\o

BB — AP AR S R KA Rpr oo oy BAAE— AN EHAEH T X
MFEFIAEY, DATIXA B A RN TTERE TR DN

IRAFAE — DN IR, ieAFn ROV REAL = 11/2, TTUA &
HAMEE AN HOEE, R N AN, B R A A TR, AL
E T A0

AR T B, T RAEE SRR T A TR, IRk
A EHXFER AT, I H R M BB Bk

RKERZAHE, REAE-E, WY KA.

VX A B R A BRI Oy e e e i R AN L. R
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2.5 FE—AStirling#

PR O R, an R PR 8 R S5 R RN G, AR
Z B0

TAT R BRGNS IREES (A 3N m B B A, R R kAN e R B4y
YEmABHES I VESL R (=1 *s(k, m), o s(k, m) 58— Stirling 5.

HATTS (= i) = Bf sk, i)xs

WMRREGHITHE, 2T R R sk, m). X8, w7 LURTT
6 PR i R — 14 ]

2.5.1 {5I8R CountTables’

K« mfPERAB, BRGAFAEL ~ c2 W, I LERITEPIT A REE
AR, LB R SE AR R

M T AN RN A, I LA 4R ~ c2 ),
SR A9 AN 2 S 4 575 A A .

BEAN SN, WA —4EH A BB, PIRIARFE T REON(]) « nl.

TRERNYL, s(m, z)() «nlo

IR R B $edp FStirling 2 3 A A B R RO T, (ER S ikt
AR R A 55 1 R SR A

3 — P TERENELRH
TN REHBR TS, pixi = affEHI L.

3.1 ETEIZSHKIRMIE

A LE SRR EE 0L AT BAEO(ma) KA S G AR L
é\dpz,s%%i—\‘iiTﬁﬁl/l\iﬁ’ 4%\*”%57 %B/A\dpi,s = dpi,s—p,- + dpi—l,s"

23kiE: TCO 2014 Wildcard 750485
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Product B IR S TROEEDS s
32 ETEFTHMIR

SIEE: Y7, pix; = affE U HUR N EUZ — A Lhatbilem!”, p, A I % T alf)
WEAHE S m - 172 T

{87 B (1) F B, ﬁﬁﬁ%?mﬂﬁ%alﬁ, A DA g3 BE ) T A AR SR KR
FARMAE T A - SR TR SRF 5 0T LR T3 R, i
LD (R, Horbpo)h— Aa%?xE’J/A%ITELk— 1 2 Tt

(lw)"

RFFAEI, 40 BET LU IR BRI Lo = S0 (15 )i, Horbi()2
—MNREAE ISk - 1200 B jRAIAR, A IX— 8B A
M2 G XA AT b p(x0)I A [FIFE )5

Fir LA AN IR R A 5| BRI 4508 17, FF BB i 8 2 1A t sk
1 EEL.

WISRHNTE T Him = lem, p,BFTEUE, B4 AT LAAEO(m) B 18] 52 2% B P 3R
FEIRE.

T 5] LUAS B B B m + 1AMME£(0), f(l) o, flm), BRBER B2 f(n),
2 B R B BB £ (n) = S0g(= D" f(pmstete 3% AT LAFEO(m) 4 5

(m— J)' j'(n—j) °
H:]lo

32.1 3I3E—ME SRR
AM =lemilpis Zxi= M+ (0 <1y < Do WURME Tri im0 1 A
ji%'i';}EEEMZ:"lt +Zl \pikri=a. Zc=Y" pixr, WHRa=c (mod M), 4
BAEREL, 6= 550 FAc <mM, FTLA%SE > -m+1, FBAMmEC8( "),
XT?T%MH%B’J%/\ﬁ( oA R A R I m - 11 2 A, B A
e 2 i

3.3 ETHEREKMEIE
It AR B BON R TL, 2 0 2P SR a TR B SR AL

nzx’"‘nl_xp e (1_xp)

i=1 j>0

&Ejﬂ%m o B a AT I R 5L
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BHE RN R L, XN RSB S. KorBF e
TRt RETF 13 BB HER R, Tl ShaS MR RErS 1 XA da .

Ls = YU pi B R DU R AT DU BIOGs? log a), T I £ 3 AT DL A
F|O(s*loga), 7] LAMERHFFTIEMEIO(s log slog a).

3.4 ETHALdpIHMEE

Bxi=Njs02/x, (0 < x; < 1)y TRAMB TN AP «2HI01E M. Ldp; ;&
N A EIEE I, TR IAREU N « 270077 AL TR AR 2=
s 2/, FrPAYi > sBASTT GRS,

FrLlRESEA I sloga, AEX TRHARMEHOIE O, BIEE R
F£ N O(ms log a)o

3.5 ETHS S

RGN ER S MR i, Al DU e s T 0 285 70l it
Bo Hp MR, A BUE A AR KB B Oms) I E A4 . AN B
LB TR AR 73 0 3o ARG AEOGm) I B 25% BE fiff 1o

T TR, FHESXMNERRAK, Proimg s, 7X@ A4 n] L5
B2 3CHR2]6

4 XTRI=ZN=MEZX

FEIXA ] @ L [ T O GONAEAE — A jidi s > b HIndE IR &, BRIy T
B N ) Yo Sij = djo

Lx =15, p}s WEHLRE DN BIR 77k

WY sii=ajp WRxt M, iU FRTG 1545 s,, > bje

1deNa;, b I K AH.

4.1 EiZE1
B A AT R, RERIEESAE.
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42 BE2

FoA Tk <5, BRATHZIER — A —AEThE, BN ARIEs %7
BFPAE,

%W‘j/l\ﬁﬁgisi,l..p Si+1,1..j5ﬁf§ﬁ7 ﬁ[l%si,l..j < Sit1,1.57 ﬁﬁ/é\si,jﬂ *ﬂsm,,‘ﬂzrm
BA PR ﬂD%Sz’,l..j:SHl,l..j’ ﬁgé\gﬁsi,ﬂl < Sigljrle

XA A EE ] —AMRESS R AH AR I AN BT 28 HH 7] () 8 & A T 84> B i 2
B IR L s > bjo & fis RN ELTERTIAN TR TFARE NS 7 R4 R4
Wl gs 0 Rom METERA NS, & TiM L BN, B0k, Mt
RABIUE, S5 R A EPRAS.

FIHNIREHCNOPk4Y), HREIRENOC), HHomA.

IS [H) 52 2% 2 N O(ne*kd™).

43 HEX3

FEAEHn =1, &= sy, LS TRIL 4 =a, REM 1 X,
a2t > byo

KNG <t <+ <ty PTLABRIZL > byo

W06; = iy — s Rto =0, AT ti= 35, 6;%i=a

RIXATT R AE RS, FEHX T6A6 > X FERIRRM. X T+ i,
fep=b +1, THHi£1, ¢ =1 SHFFHE2, Hey =by+1, XFHr
fi+l, ¢;=0.

BHMT Y xvi=a - X5, ¢ ifAR TSR,

B FH A T B4 A2 R ok £ B 27 dp o2 st mT LA i

5 BEEILANSECE
51 HiEl

FHRSE S ERNREE MR XA B, Fohe R RS T/ E T NS
KT B T A 18] B PR R B0 R BRI 5 e

TSGR AN AT BRI e FRED 5 IR A S . 7E BB AL T A R s
A AR, SRR YR I SR AN B T X — 4E X N AR
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W4 v] g — 4 2 AL ), W EE e 4o mcE T NEmE, A
Ja ¥4 BT 2 2 Tt Rk K 7 R4

BN R KN NP, oy s pr X — BT NG, TBABEREYT, pixi =
alf)4E B R E g iR 2

HE4 A AAEO(ma) AR FHE LR, dp; ORI T RTINS, S s,
ﬁB/Adpi,s =dpisp, +dpi_i s

FIT LLIZ A 18] fE AT ATEO((n + ke) Py) Y il

8 F(N, k)3 K N> 8 kAN T2 b 3 38 T B0 7 /AL g(N, kRN 77 fift
JSek AN B BB 7 S

[l S S i) @, X T b = OFIIE LA x; # Lo

SHFF 2, BR AN, k) — gN, k—1), =Ry = 1107 ZE

XF T F 0L, Ah(N, k)2 7S KN T i A 77 4% i3 3 1 8 HL 23R — AN B0
1R RE, AN, k) = f(N, k) — h(N, k- 1), HEtRAME, =1, Ba—E
x> 2. FIREMEZATL, FIN, (=1,

5 (8] 242 N O((n + ke) S5, Pi)o

52 HiR2

B N R B ANT AL BRAEAE — A jiH 2 si; > bRk a) & 10 T 2 a) .

FRMABR, R Es ;> by WHlads; <bjo

XF TR I, MO0 LI AR & 15 i S R )t gt R MR 20 8. R —
AR T RS, MR AR D

BBEENT R KA AL, pas- - s Py Rdpi RN T ATANEENSE, BATAS,
WAdpis = dpisp, + dpicrs = APis—eiype BIIRZIX — 4B D, 17 5o

I 18] 2 2% FEO(Pi 2% (ke + n))

53 EHIER3
HAEFEMREFIEN, WRAaN KD NREN R, B4 Ka N EN
%%Kﬂ@%%,m%%m%%#&%&T@ﬂ,ﬁm%%%ﬁﬁ@&wo
FrbSHF— 4, REMITL, (@ + DRSSO 7.
ke = 2505 FT A R4 IR LA R 129512, SN T 5 AR, X AN E KR
— RO
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Product 5 IRES TRMEEDPS MG

AT SOETT R0, SR AIE T T mslem™  p IR AOEUE, B4 T LLAEO(m) I
IS [ 2 209 P P 3R HH T

N AR, A BT I o O R A E BUE ) E AR Mk = 258,
R,*2N5040.

TEAR 2SI LE 4R 7 BRI T DU dp A 5 HE X Ry WAL

e s % R IR e IR 0TS 4E, R — AN KN Ap A N B R e
HLO--- by, AR08 LA B RO = L BT (1 - 27, 53 T oh B
NEREHAD; + VIS, FrAAT DA mik 2 05, fEO(m?) A4
WIEFF, FHXTndE R X #AH .

UEI 73 F 2 2 FGmI, A2 w] LUK REI2 ) B 2 R DT ke (R 3 36
Jowxcs TRARE LI FN iy S0 — ¢ TR L, BT LART EAZEO(nk®) T 7]
HRENEHER. 7

TR TN, B 4EZORMME Naj, a;— b+ 1), ,a;—m= (b; + 1),
IX S8 U A] LA TEO(mA®) N B IR] AL BE SR, BT DOKE BT R AN 25 R 10 54 FE B
FO(nk + k).

ﬁEPQk = Zf:o P;P;_;; %Qk%%%ﬁ?ﬁﬁﬁ%%ﬁﬁ]\ —u
AN, B IR o 07 R a .

BT LU ] 2 BE N OR S5, Py + nk® Py + (nk + k) (EXy PiPiy))o

SN, B

=

6 RLg

EAS A B AR T — MRER PO SR B R EA ] EEANL. 15
TATHAUR T E AR XA S A, @I AR R A Burnside 51 #E,  HJEGIA
THEER O A, B S — MR T IX AN TR IR AR — A T3
X RAETATI, I HLA T e 7 R o L SE 3 — A

XA EAEMH RS SRR, 22— AR, FAETH T
AR RRYE, PTRAR A TIRZ LRI, (H 2 B ReAT 3 — L8 3 oUW 2 AR 1)
5, LRI AR E S5 M TT R AL

T AR IRYE, S5 =904 TSR —RAVE T ARl — se vk, A
A bR bR DL, 3% R A0 JF LR T DU 2 k. SRS i A4 71X

3IXANA] LI G RS B SR I G R P 3 bk, T IX AN IO 1 52 44 B vT DA ) 2 2% X
BRL11, (3]

2015F 5B RMIL 7 PEEKMEIEAZIE 228



Product 5 IRES TRMEEDPS MG

AR R AR IR s IR SR AN — IR i

AR —TEMER, T EEEIE T UK AECE DR, A Burnside |
B, wRRRHE, AR, 2 A5 AR RS 2 .

X F— M B A PIE T O 4 i Burnside 5 BRI DA, G F RAEESE
BAE T A TE R T, B0 AR € S5 M K TR BT BOE Bea AT A T
e

BARRXIFAR DR, AR ERFUFERE O —E
AR

B4
S [ T R AR 2 SRS T B
RS e APV IIE RS
SR b i S K 2 SRS L ) 2 AT 25 25 v 224 B R [R] 2 R S AN 5 .

><\

SE 3 Ek

[1] E. Landau, “Uber die Maximalordnung der Permutationen gegebenen Grades”
[2] #& &40, “Codechef CHANGEf# IR 15

[3] Jean-Pierre Massias, Jean-Louis Nicolas, and Guy Robin, “Effective Bounds for

the Maximal Order of an Element in the Symmetric Group”

[4] Hansraj Gupta, “On the Partition of J-partite Numbers”
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KT LURAAE A — KO DTIRR TREBE DB FIRE

KT LURRE AWM —KEFE R LIRER

TR )N e P 2R

i &

AACM-ICPCSE &, W% A AR AN P AED £ REFLHE
RALEE 69 R Ffm B . ALANGE T MRt X R AT a)— RN, HFr
LR E0IEE T F A BEEMIaLES, 2 T RIBLEHA G —F 47 £ N
E

1 518

S R 5E 38, R AR a] DL ROy AR L SR AN QR X =
Rz —. BVEBHFEETMEIFRE S, SRS Sk THRRRE, M
R 51 F HEART), AR A G 2R AE 7). Ol LL iR & L AR 1
RRER T BBHR SE LLAL, A AR R IER CEERDY, #HLaEm Ghid
B0 S MEFE NN, KRBT SR, A7 AR5 0 B0 #efilid 47 %
i R 14 34 T T V2 A Af R R RO T ) B, DAVRUACAE i N B i L, LS AR U 3 i
FRIHFEINZR, SAAFAEX PR B, AR & A L) — b R4k .

PR B 7 — Le DLRACRS A R e, R N =38, IFXT AT 7 —
e ASCIAEZ IR .

BT, N T A AR WSS IA I, R ROHE F STy
X LA S 205,

BB, Gt T AR A L % R R R AN 75 TR ARG B H
PR SCHEAT 208, TR B ARG 4. T 4l T RE % 0 SE B

FPUFTH, g T LA S AR A Il I S ) SR X 2y Y R 7
R BEAT A, BT A4 T R WS S IR SR G i — M EL B 7 (3 19
(RS
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KT LURAAE A — KO DTIRR TREBE DB FIRE

BRAEASCE &, AT, AREAH T LA AR L XS] P
THBRAN R TEACRS AR Y, K s 45 AL A GRS 23 A 465 15 K

BRHRTAEE BAR-AER: A8k ARR e, X4
9T R AR B L ARG B TR BRI TE . PUXSE R EDY
AR BATATCABE T — 2R (02 R ARG R I 1D, B TR A W&
SR HATT U BRSO DU TS fftid. 1 1E BRI EE R BIX — 2R
Je AT A Y R R
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KF BTN N — KR IR SREEE B SR
2 FEENR

2.1 YmiFESHULE

—ANRPEAS I LA, KA RE S AR S B ) — s g B
PLASTE 5 ARG, DRI G A A8 20 o T i A S 7 98 2

RT3 PR 9 20 At (analysis) B 7o XA EE0 I AR, R JRACHE figt bt i 2 A
T, JHRIERIEQIE A PRRR, PRFRREEAL S MESiEs, W
N E MU B AL, AN Rl aeAY, RO HL AL AT 22 1) Kz
WA PR RE “ =ik 25,

JE SR N ER B (synthesis) #B 7o X ANERA I LA AL, MRS A 1% [2] ) 45 22
AR, B H b S A, ARG 4% HARE S AR, XEATfHE
X (] R R AT R D R T L A8 16, AT REAE R — AN 20 AR
f,

BEANER > AT LA s T B s AR A A M IR . 1R o)
Bre AR PSP B R S AU AR X — NP R A IS A
AT A1 i 2 [ 5L B — MBS TE AR AL P B, e )i i A5 2R b R 1
— LA R P 3R

BT PSS ICH S MEERESS, — AV HZE RS — &2

PR U X TSR SRR BU AR, DU BTG A B, e AjEdoubleds

B, BintZl Ay,

I1|A =A + B x 123

2.1.1 REESR

WNES TS — AR (BRI MR, it — N RE T
(A &) FIF%.

12 e, RIS NP R iR ER: (A, =, A, +, B, %, 123}, A RA 5B
WA EARIRST, W=, +FBIRAAER, 12380R AR A . 1A
PR IR L g
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KT LURAAE A — KO DTIRR TREBE DB FIRE

Identifier id =1
Assign
Identifier id =1

2 2

Operator +

Identifier id =72

Operator 7 %7

Literal 123

TE 2 P A KR B 0 B R M a8 2 VE N — DML oy TAE, B —
U b AL BEEEAN YR SO B R AL 1175 3 A 2 18 R AR DBk o a8 1) TR
e 1BV BT a5 AE AR AN 3 R0 2 A #1805 20 A 28 A NI P sk
W— RN FRFEEM S T — AR, 1R M a5 KR e 1K 2 —— 1R VE
PrasiR [l Nk — Az Bat2il, PLERNG, 5K EE ot as
BRI EREATIINE, B UURH AT, PLUSEHE

2.1.2 EESH

EEA M a2 — RIA R, iR SERE LR IEN. RJEWRE
AR, R B Al B]— PRAERZE

STATEMENT
LVALUE
IDENTIFIER: Identifier [1]
ASSIGN: Assign
EXPRESSION
EXPRESSION
IDENTIFIER: Identifier [1]
OPERATOR: Operator "+"
EXPRESSION
EXPRESSION
IDENTIFIER: Identifier [2]
OPERATOR: Operator "x"
EXPRESSION
LITERAL: Literal (Integer) 123

CERIFBA WIHA A5 59270 A 5% 72 e Ak BEAS [R] 38 S04 A L S 2 1Y
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KT LURAAE A — KO DTIRR TREBE DB FIRE

X R AR R 2 F R U R E 2 % 1 K EUE 55

EIRE S T IXBRIE R AR B AN B e, (HR — MR VE 1T 28 7R
ST AR H — BRI R A O, X i, /0] DUIB BRI BRIE 5 A B (1 4
AR

RZHOE T DG L] _E R SOe R itk R RATA — &
=W, BICYKE . EMRCRA . ERTENR A TS
PEFI T R0 X BN SO RSGEN IR € T4, AAELMERF L. Al
REAE S T 10 B TR

213 BXSHh

T S AT AR A AT _EXRE 1R SGREAT W B SRR A, X —
BrBL i SO5 T & PER BN 2S04 S L

STATEMENT
LVALUE (double)
IDENTIFIER: Identifier [1] (double)
ASSIGN: Assign
EXPRESSION (double)
EXPRESSION (double)

IDENTIFIER: Identifier [1] (double)
OPERATOR: double operator + (double, double)
INT_TO_DOUBLE (double)

EXPRESSION (int)

EXPRESSION (int)

IDENTIFIER: Identifier [2] (int)
OPERATOR: int operator x (int, int)
EXPRESSION (int)

LITERAL: Literal (Integer) 123 (int)

HIERIEATH S TR AT HARSER I, AEEE i BOB H ek
By e J B SEARF LA R — BR . CRFR AR EEAETRIR o T s AL s 54 ). 7E
WX B, BT EaE e T (TRIEFD R, melihE 1
—IEHAT LR R Ik, AR TR, AR A AT
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KT LURAAE A — KO DTIRR TREBE DB FIRE

214 HEEBER

FATT A B G 2% 1) WO S R i A LT XA, T R (RS R X
Wetim 17, —BEANNE (F—E S BOARVEES D MG (F—H
FRiE S AR HARMES B, MEESIINMANAE NSRS, & MEERIES
IR PRI — FE S .

SR, ERORTE U AT (AR P R v R RE (1), R TR VE S T BT SR 5 A VRS
SEE —— WEES NS X BARFEIRAT R RS E sk, R, K
T ZE A AR A A

L R R R A e = k. fE =S 2 BT IR — R R R
X ——iBVEDAG, BfEMM B HEEEH, (BRI KA A FT DB 2535
1EDAGINNZ. BRI =il

MULTIPLY (t3, id2, 123) [t3 = id2 * 123]

> | INT_TO_DOUBLE (t2, t3) [t2 = int_to_double (t3)]
3 |ADD (t1, idl, t2) [tl idl + t2]

ASSIGN (idl, t1) [idl tl]

2.1.5 KRBERL

NEENE T R LRSI A VSIER TN AN EN

PATE D], =HhEADH R (O #R 2 — LA AT, BT LA R AN JE R 1
i, ARES PR E SR B, A EON =S & — 35 Wit —
AN EARARIESHEZ BT DL T (HIX R W R E KRR IR A, A AL
e, FrBLX BEAEEER 1, A3 BRI W] A B 225 SR

22 EFRIHESH=MIHER

FEF BEUHIE 5 R R IR R e 10— B .  IX BACRS VA gL & B4 R
1247, R, AR BT, RE S TR AR R A LA AT IR
BATIOEA, XA RE R B E 5 B e W =R se Bl g 5
Lfi i SEEMRARE L.
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KT LURAAE A — KO DTIRR TREBE DB FIRE

22.1 TEEHIF

FERRA 7T, G P & — MR HURE B8 3 2 16 B TT ST B9 B A% e
R A G VERT BURB AT B Boor B A I AR B X 1038 5 — Ada 17 2R s
Co++a A2 A 56 429 19 7 SR 5

222 SEEMER

RA T AT HE T — MG S R AR R SRS
—NERIERIE . EE B R, F MR RERURIE UK, X B
Y T O A S e R NS 5 BT RR B E. AR e R
AR o, ARG R, ERER, RS 5 A R R AR A B
SHELLZ —Fog &R i NiE 5, 1R 2 A 5 A2 58 R .

223 BRASEW

X —T7 AR REAr he ERXF TN, gnieds — IRt b PR A
TP, AH R A Ao —— X FERAS 2 7RI, AR JE XS R SR R AT R R
HTHEERRrCEed 7 —E i, e ENZ M, ik 2 kg
BER—ig A AN 2 T, XBIESHEERIKT CE2RmIFEESHAE, [
i XA e RS S M T A M. Javarli & — MRS MEES, JavafWiL & id 9w
PRAER “FE7, AREETavaE AL E R IE AT S,

23 BRH-ERER

2 - /R VE S SRR BRSO RIEF . AR NI E T AR
VRIS R B L e -3 7RV K

HAENHNA =< String > HHPARIELL TS, < String > — M5 H,
CIRYSSEED

e an DA SCEE AR 1 B U IS B iR T

EXPR ::= TERM

EXPR ::= TERM + TERM
EXPR ::= TERM - TERM
TERM ::= FACTOR
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KT LURAAE A — KO DTIRR TREBE DB FIRE

TERM ::= FACTOR » FACTOR
TERM ::= FACTOR / FACTOR
FACTOR ::= (EXPR)

FACTOR ::= integer_value

Hinteger value &R 5 FIHME, AL/ 5. fEwmiFEaHRY, BEFHEH
R, MEARER B 48 5E X
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KT ORI R AN —ZE QAN HIRR TRERR Bk ~IRAL
3 EAK[EJF: 735 K18 X e

3.1 REEKESZTE)

giit—BtPascal (VI OB, AR E “ e mHEE L AR
By BAMRIRA BANTIEE. SOERE S, BT BNeETEEN
—AET. ERAZ 55T

{THIS IS COMMENT}
‘THIS IS A STRING’
(A * A) shr 1

PLESCNBI: SB—47 RAE—AN o0, RIARRES: BT — 8o,
Bl ff s e =176 Hoo, Bl —MRET, PAIRIRRT, —XHE
T, NIRRT mE.

R, XA AR 75 23k T S — AMRNE 7 as

3.1.1 JEESITES

TR T 8 ST VR T I AR Sk, RIS TN HER
HEER N ES AT/ RIEXAIEZD A RS R W7 X AN 2 28,
TERXA @A, AT LA R =F e A2 /28 e (0-9), #r
PRFSLKA (. A-Z. az), Hith.

| |const int TEMPTY = -1;
> |const int TDIG = 0;
; |const int TSHEAD = 1;

4+ |const int TOTHER = 2;

6 |int charType (char x)
7 {

8 if (x == '’ ') return TEMPTY;

9 if (x == "\n’) return TEMPTY;
10 if (x == ’"\t’) return TEMPTY;
1 if (x == ’"\r’) return TEMPTY;

'UVA 189. Pascal Program Lengths, ACM-ICPC 7 /il Fll4& e I [X 15 ZE (1989/1990F £F)
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KT LURAAE A — KO DTIRR

TREBE DB FIRE

12 if (x == '_") return
13 if ((x >=70") && (x
14 if ((x >= "A") && (x
15 if ((x >= "a’") && (x
16 return TOTHER;

17}

TSHEAD;
<='9"))
<='2"))
<= 'z"))

return TDIG;
return TSHEAD;
return TSHEAD;

NTINEAE “TFRTE” RSB AR T RN R, BATHSE —Da
NIVE B RACE AR HER A . B UE B — DRI X, XAME AR L

Fie R BRI AGK AT AT

N VNG R E S i

D22 b X RN L

namespace Stream

{

char buffer;

4 void Init ()
{
6 buffer = 0;
}
8 char nxtChar ()
9 {
10 if (buffer == 0)
1 buffer = getc

12 return buffer;
13 }

14 char getChar ()

15 {

16 char ret =
17 buffer = 0;

nxtCha

18 return ret;

har () ;

r();

PN RANE b R FR (e A\ E B A, AN TR P AR R

namespace Lex

{

string buffer;

void Init ()

N
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KT LORBNBAN— LMD TRR TREBE DB FIRE

7 buffer = "";
8 }
9 string nxtLexeme ()

10 {

11 if (buffer.size()) return buffer;

12 while (charType (Stream::nxtChar()) == TEMPTY) Stream::getChar();
13

14 int TYPE = charType (Stream::nxtChar());

15 if (TYPE == TDIG)

16 {

17 while (charType (Stream::nxtChar()) == TDIG)

18 buffer += Stream::getChar();

19 return buffer;

21 if (TYPE == TSHEAD)

2 {

23 int t;

24 while (((t = charType (Stream::nxtChar())) == TDIG) ||
TSHEAD) )

25 buffer += Stream::getChar();

26 return buffer;

27 }

28

29 switch (Stream::nxtChar ()

30 {

31 case '+’': case '-': case ',’

32 case 'x': case '/’: case '=':

33 case '"’: case 'Q@': case ';’:

34 case '(': case ')’: case .’

35 case '"’: case '[’: case ']':

36 return buffer += Stream::getChar();

37 break;

38 case '>’': case ':’

39 buffer += Stream::getChar();
40 if (Stream::nxtChar() == ’'=")
41 buffer += Stream::getChar();
42 return buffer;

43 break;

44 case '<’:

45 buffer += Stream::getChar();
16 if ((Stream::nxtChar() == ’'=") || (Stream::nxtChar ()
47 buffer += Stream::getChar();
48 return buffer;

49 break;

50 be

51 }

52 string getLexeme ()

53 {
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KT LURAAE A — KO DTIRR TREBE DB FIRE

54 string ret = nxtLexeme () ;
buffer = ""
56 return ret;

58 |}

X BIRATE R R, X Bt fd fstring >R Af A7 Al 2. FRATENTE, BR T
BN AN 47 8 AR LA, RN 1A) 3R 0 SRR AR T DU I B 5 5 SR A ) I
TSHEADZE A (5 7 45 1t B — AR IR AT B SC 8 7 (VF 788 7 3K 0 A v I 7 5 55
1), TDIGZER [ 745 Ui Bl — B B v i fE T

312 SIARETHE

AR EGE R T IR OR B I TE R A R AE R R T e DURE T
R, JFHB, ARG, Bt AT RELLNEOE U L

BAPHATBOERRRE T8 D& T 2 e FRER 7 H . A X6l
B IIPS SR NN ZCRE St - S SUWN

TEIX Z B 56 A j b )R T 302 /2 (B 40 X "The most general form
of a numeric constant is illustrated by the constant 10.56E-15. The 10 is the integral
part (1 or more digits) and is always present. The .56 is the decimal part and is optional.
The E-15 is the exponent and it is also optional. It begins with an upper or lower case
E, which is followed by a sign (+ or -). The sign is optional.”

NECRHT R AU ANBUSBIBRT S R AT IR ), B2 R HER St
7

RE 5 S WA AR :

1 |1f (TYPE == TDIG)
{
int Statu = 0;

4 do
{
6 while (charType (Stream::nxtChar()) == TDIG)
buffer += Stream::getChar();
8 if ((Statu <= 1) && (Stream::nxtChar() == '."))

9 {
10 Statu = 1;

11 buffer += Stream::getChar();
12 }

13 else
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KT LURAAE A — KO DTIRR TREBE DB FIRE

14 if ((Statu <= 2) && (Stream::nxtChar() == 'E’))
15 {
16 Statu = 2;
17 buffer += Stream::getChar();
18 buffer += Stream::getChar();
19 }
20 else
21 Statu = 3;
}
while (Statu <= 2);
24 return buffer;

}

3.1.3 SINERE

Pascal FERE ) SRIE 2. FRIRIR B — SRR D R ECE R 5f — 0 1
AT, RENXZ G —NEFE S, BN B0 S . S ml
PLid ik ZEIDE A S NARBS{ R AN IR — pi, B2 RIS DU E /AN 2 LR
.

AR RAR TR B T

case "{’": {
while (Stream::nxtChar() != "}")
buffer += Stream::getChar();

4 return buffer += Stream::getChar();

3.1.4 SIANFEFFH

Pascal H iR 3 F 75 B (R SRS 2. BRIRIR B SR — DR br i B s 7 R e —
HAa e S, AKX LGRS —A A SR ES S5 5. st e LUs
RE G PELL FACHERIGIE X — i, N 242 R I A R

begin
writeln ('’ '');

; |end.

XA AR BAR A 5 5 .
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=

o,

REEEBY B~

case '\'’: {

buffer += Stream::getChar();

while (1)

4 if (Stream::nxtChar() == "\’")

{

6 buffer += Stream::getChar();
if (Stream::nxtChar() == "\’'")
8 buffer += Stream::getChar();
9 else

10 return buffer;

1 }

12 else

13 buffer += Stream::getChar();

3.1.5 EHsLIamts

INARAY EACILRE, 16 TN 7E e B LB AL PR A SO R Fr BOe iR AL
S SCEUAI I XL, Gnf1..2]e ICRFZESR A UE B4R 10 S i XK/ 5K 212, JF

FLA A B 38 3 AT AR . B AZ 24
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FT RN — KBRS RR TREER| B LRL
4 YRR AR RS A E) &

4.1 —AESpythonfEiEzR>

U5 — MFREAR.

SCRFPIFRE A

LRMEER): BaE=iA. e AARHN, HEHFHELHEH. Fiald
REVTESR: WEHESF on. B k. ¥, TEHA, &8, BEHES.

2. B A print(FE A B R, B EAL B R]Y)

X B R B o] LR 6AL T 75 B 5 T i H A% A A m e i
AT 2= /DR — k. NS 7T & Python3iE 1%,

411 X&omEThiEa

AR A S B AN STL::map 4 228 5 44 Wit 3 (E R w]

REEETIREIER), a2 AEMIT RS BIREER).

B TR AT LU B whilel§ 3, A MEA R — MBS,

MARREI Hr 8 BN — ME AR A R XA R E A Zprint, 2L E
o VER: MITIANE R IFASGEHIWT 15 A28 A —— fEPython3 HprintJf 4 2
—AN R, M RECT B KX A RAEATIE R VAR —— RN A
B2 J5 AEAS RE A3 P print bR BOHEAT S Y 1o DRI IR A 10 DX 0 7 1 A RO A 2
FERAEFRARE (ZFEHRHERDNAIEMRX T) N —idRK. REE
5, WOABMETER), RANES, WoykHiEa.

BERM S Re X AN R BUEIE A 1. BUAEA =Mk R A B U 15 A
A RIE N XEETTIE AT .

BUAE AR FIGA TR A% BB 23 WA SCFF s L 7o AR S A ST AR TER, th
FAEEIR T .

4.12 SB—#: 138, HIPRNSEREATE
HA VY2 RGBT 2 — 2 i e s

27K R (py), A FBNOHEE
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KT LURAAE A — KO DTIRR TREBE DB FIRE

AP — AT SR —AMERE, AR, B RIEE A P, 18
BFFRIA H AN BME M AR T T = B A]

FERXMIET, R ESCHFE S M, E A TR I E N (A EL. B3
FelRIEM AR E RN, MR RSN RASREA RS KA. 55
TSGR RERTE, JF H I A ELE AR SRS TS, JEAF S Ak TR M AR
i LA TeER B

FERXMEGE T, WRESFFE 2N HMIH, MAXABH: FUES
BRI, AL NS RS, RS AR A
Tk

413 BoF —RMEN, BREEHRERRERRARENE

UM T i 2 SR G 5 B0 i PR A BT SR AT — 5 5 A
B30, SRIEH R T I B ARG T 5 —— AR FIX M 2
AR A R O BB B IR S S P B T MRS 1 “ B0 G LR 7
“ZLR P T XARE, A ARNEE. REEEA “T7
PR AR JE A B —— TRV IR AR A 2 A “ RM7 BIAT. SRAE MR IR 26
BT T M, RS Rk R T,

XA E T, WRESCREE S0, N B TR H A RIE i g 2
W S L 7 o O, AR A T B R — AR B, 3 0
T,

FERAIGE R, R T SO B AR S, T S M 25 BB 7T

414 FE=M: 538, #EEREATEMNEESTHNRERHE

KMIEM L EPTRARLE, fESCELN, ORIGHE R 4. BRI, 2ZJ5 1
Hor e R RESTHR, RN 2 2. ik, 43I0 T R o i
R AR E E.

U R N W Rrs S Bk ¢ € ) P S MR- S PVANE (e Y A R O
TR IEFH DA IERT 5

BRI 15 F BB R IGE R RLL(DYERS,  SEBUR 2 2215 4R % fi
L
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KT LURAAE A — KO DTIRR

TREBE DB FIRE

CAAEON . LR AR i RIE A a2 (1 B R SRk 3k HHEXPR A

R R

EXPR ::= TERM

EXPR ::= EXPR + TERM
EXPR ::= EXPR - TERM
TERM ::= FACTOR

TERM ::= TERM % FACTOR
TERM ::= TERM / FACTOR
FACTOR ::= variable
FACTOR = integer

HHAN K —ALLO)SOEI .

EXPR = TERM REXPR
REXPR ::= ¢

REXPR ::= + TERM REXPR
REXPR ::= - TERM REXPR
TERM = FACTOR RTERM
RTERM ::= ¢

RTERM ::= x FACTOR RTERM
RTERM ::= / FACTOR RTERM
FACTOR ::= variable
FACTOR = integer

LLOMEBEB, 63— SOk F A, X TR LSS,
L A T P — A 7] 2 T LA 5 AR, A
e R T A5 A RE R 23 B R

void EXPR();

> |void REXPR() ;
3 |wvoid TERM() ;

void RTERM () ;

5 |void FACTOR() ;
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f—)

o,

REEEBY B~

)

void EXPR()
8 |4

9 TERM(); REXPR();

2 |void REXPR ()
EN

14 if (Lex::nxtLexeme ()
15 {

16 AssertNext ("+");
1 return;

18 }

19 if (Lex::nxtLexeme ()
0 {

21 AssertNext ("-");
22 return;

2 }

24 return;

»7 |wvoid TERM()
% | |

29 FACTOR () ; RTERM() ;

32 |void RTERM ()
{

34 if
35 {
36 AssertNext ("+");

(Lex: :nxtLexeme ()

37 return;

39 if (Lex::nxtLexeme ()
1 AssertNext ("/");
42 return;

13 }

44 return;

== "im)

TERM() ;

= 0=W)

TERM() ;

== Dg0)

FACTOR() ;

—— n/n)

FACTOR () ;

2015FERFEMILT PEERMREMRIE

REXPR () ;

REXPR () ;

RTERM () ;

RTERM() ;
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47 |void FACTOR ()

a8 | {

49 if (isDigit (Lex::nxtLexeme () [0]))
50 {

51 AssertInteger () ;

52 return;

s }

54 if (isSHead(Lex::nxtLexeme () [0]))
55 {

56 AssertVariableName () ;

57 return;

58 }

59 throw "Syntax Error";

—

X MR I FR T P S5 R A B T A R B BT AR

integer + integer x variable - integer
EXPR () ;
TERM () ;
FACTOR() ;

AssertlInteger () ;
RTERM () ;
REXPR () ;
AssertNext ("+") ;
TERM() ;
FACTOR() ;
AssertInteger();
RTERM () ;
AssertNext ("«");
FACTOR() ;
AssertVariableName () ;
RTERM () ;
REXPR () ;
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AssertNext ("-");
TERM () ;
FACTOR() ;
AssertInteger () ;
RTERM () ;
REXPR () ;

EXPR ::= TERM REXPR
TERM ::= FACTOR RTERM
FACTOR ::= integer
[integer]
RTERM ::= ¢
REXPR ::= + TERM REXPR
["+"]
TERM ::= FACTOR RTERM
FACTOR ::= integer
[integer]
RTERM ::= % FACTOR RTERM
[""]
FACTOR ::= variable
[variable]
RTERM ::= ¢
REXPR ::= - TERM REXPR
["-"1
TERM ::= FACTOR RTERM
FACTOR ::= integer
[integer]
RTERM ::= ¢
REXPR ::= ¢

AT 1 TR BLE Al AR ERBEAT TR 1o BAZ AT 73 R e i 26
O SRARRE 7 =2 1AM 1 110

I |valtype EXPR();

> |valtype REXPR(valtype 1lhs);
valtype TERM() ;

4+ |valtype RTERM(valtype lhs);
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=

o,

REEEBY B~

w

valtype FACTOR() ;

7 |valtype EXPR()
s | {
9 return REXPR (TERM()) ;

2 |valtype REXPR (valtype lhs)

13 {

14 if (Lex::nxtLexeme () == "+")
15 {

16 AssertNext ("+");

17 return REXPR(lhs + TERM());

19 if (Lex::nxtLexeme () == "-")

21 AssertNext ("-");
2 return REXPR(lhs - TERM());
23 }

24 return lhs;

27 |valtype TERM()
28 | {
29 return RTERM (FACTOR()) ;

» |valtype RTERM(valtype lhs)

{

34 if (Lex::nxtLexeme () == "x")

{

36 AssertNext ("*");

37 return RTERM(lhs » FACTOR());

39 if (Lex::nxtLexeme() == "/")

1 AssertNext ("/");
12 return RTERM (lhs / FACTOR());
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=

o,

REEEBY B~

43 }

44 return lhs;

47 |valtype FACTOR ()
a8 | {
49 if (isDigit (Lex::nxtLexeme () [0]))
50 return GetIntegerVal () ;
51 if (isSHead(Lex::nxtLexeme () [0]))
52 return GetVariableVal ();

throw "Syntax Error";

I B S ke AN, R T M AR A AR AR NS BUR R AN E 1,

AJ LA F while i 34 AL IX AN P

I |valtype EXPR();
2 |valtype TERM() ;
3 [valtype FACTOR() ;

5 |valtype EXPR()

o {

valtype ret = TERM();

8 do

9 {

10 if (Lex::nxtLexeme () == "+")
11 {

12 AssertNext ("+");

13 ret = ret + TERM();

14 continue;

15 }

16 if (Lex::nxtLexeme () == "-")
17 {

18 AssertNext ("-");

19 ret = ret - TERM();

20 continue;

21 }

break;
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40

41

42

}
while (1);

return ret;

valtype TERM()

{
valtype ret = FACTOR();

do
{
if (Lex::nxtLexeme () == "x")
{
AssertNext ("*");
ret = ret x FACTOR();
continue;
}
if (Lex::nxtlLexeme () == "/")
{
AssertNext ("/");
ret = ret / FACTOR();
continue;
}
break;
}
while (1);

return ret;

valtype FACTOR ()
{
if (isDigit (Lex::nxtLexeme () [0]))
return GetIntegerVal () ;
if (isSHead (Lex::nxtLexeme () [0]))
return GetVariableVal ();

throw "Syntax Error";

R L bR bR T BT AR, B RRE T EBNFI — 4 51 A

201551

SRS RMIL T PEEKMREEARIE

253



KXTFLUERIEB N AN —ZX oMY HIRER RAEER) | B AR
T Kleene 22 5 W R A

EXPR ::= TERM ((+ TERM) | (= TERM)) *
TERM ::= FACTOR ((+ FACTOR) | (- FACTOR)) =
FACTOR ::= integer | variable

PUAETRATIAS B 7 PR 5 A1 B A 38 U5 R BB o A B e A i e 0k it
IR FHEMEEENY R,

WmE Z MG ERE SN, RTEEMEES], B IA 75 id #2558 e]
PLT .

B I T ) SRR R S . XA 24T YEFACTOR ) 48 3 00U o | —
2FACTOR::=(EXPR). X}FACTOROM/EMEEEIT],

WMFREFRE R, BRI R HIZHE 97 1S FR. fETERMAIFACTOR Z
N E— Bt Rt Al DL T o X2 i R A 2 A IXRE I 2

valtype NEWLAYER ()

> | 4

3 if (Lex::nxtlLexeme () == "-")
' {
5 AssertNext ("-");

6 return - FACTOR();
}

8 return FACTOR() ;

o}

AT BRATTAT LA (S 3 X — 20 B A PP DN BE 22 (R RS P 0K Bl Kt AT B
A DB R 1 1) 7L
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42 — M EBSHC++HREEIMERLS

T B S — NC++IARERS. O 7 E R UL R

intAF &, DL AintEdl (SrmdEsidl) R, it E LR TR, i
Hcinfllcout#t Tint M AR ;s 2 RZEMETLE (AEEIRAT);
{87 FHint putchar(int) B H — #4545 DLEH—SZ Mt S50, indd 5 E
SCEREL OREHERTE O, HAZSIA; ififf), forfEH Mwhilen] & fwhilelE .

X E (35 o AR I R R S R SR B R DA . R UL 0
57077 TR/

BN R IE S

55 AN A R A IR R B A [ AR B R R IA i

5= A DU AN R R ok

A A R mainf ¥, HAS A HIEA).

NS LA S H A main B 2L

42.1 MR s2
BN S RS LT — T« 16 S python il BE 2% 7.

422 MK 3504

XA IR B AR 2 NI TR BN L RIS 5, A
g, IMARHEIEE, LR A71E LEhE HR BB 5 e 2 (B putchar 58 £50)-
FIFES WAy

423 MR S3F04, ERZEAEINR S5

FEZRTRIRE T, BATHE T coutflendl 2 8] (1) P 25 34 FL#EAT 40 Hr

ﬁTﬁﬁ*ﬁmmFﬁ%A%Lﬁ cinfg IR Z AN HBER)35 6, BATR Y
STAEANEANAT 8T, XER UL, BN S E R R v i Fm i A Rk 50
b FRAE B

3tsinsen P7003 / uoj 98. KRRFEF - 2L, EIIBAEN 15 M7
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KT URAB AL —

LIOBHNTRR

TREBEBR D PIRAe

RPN ISR BAENER. AR BREAE R LT KSR SE I PN AT
IS AT <<PUA B BEARZ AR A S5 75 5508 B ik sl it S sk DU EJEE
B . (RS p AT DA € s 575 AR08 s 45 2R Z cout ) cinfA]

i

5 AR KA T

valtype NEWLAYER ()
2 | A

» |}

valtype ret = NEXTLAYER() ;
do
{
if (Lex::
{
AssertNext ("<<");

putvalue (NEXTLAYER() ) ;

nxtLexeme () == "<<")

continue;
}
if (Lex::
{
AssertNext (">>");

getvalue (NEXTLAYER() ) ;

nxtLexeme () == ">>")

continue;
}
break;
}
while (1);

return ret;

HANEWLAYER &b # 4 N 12 5 UL L b e e AR s . (3

Fesmt

—41iE %ﬁ NEWLAYERG /& E4)), NEXTLAYERAFRAR T4 N#iHEE,
WE N AT RIAR. putvalueflgetvalue & valtype g < IR £, 5%

A

T getvalue ¥ SEHLRFE 2 J5 5] N2 B ML G I B4

4.2.4

MK 25

\

s

Faic—2
X E

5, #FIE—

MA ST T A

201551
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EARE Y, HLUTXRAAAE: intHAE, in&MWAE (WES AL m A
ZRV4), cin, cout, endls

FAT 5 7 P& nAeT Ab B A A8 AN AR P, FRATIF — AN R E AR B N A7
R Gl — M pair < bool,int > CFEIEN, PBD KFE RN R. HPBIfbool &
LI, ARFRX ANPBIR 7R 0 RAE N AF T A i € () ik (X A28 8 78 KEA
WAL B ARAFEPBIfint ), & —Nint&; e R —AME, BARFE R A7
FEPBIffintH.

FERREN Acin, cout, endliX =X 5. HFE I EAPBIFbool i N K,
R Einth 5 — DA Be HILFE bk i B R, L, gk, T LSRR
BeniX PRI RF R 2 T

I T /& putvalue flgetvalue [ —F S EH

const constENDL = make_pair (true, -1);

3 |[void putvalue (PBI x)

oo

if (x == constENDL)

6 cout << endl;

else

8 if (x.first)

9 cout << MEMORY [x.second];
10 else

11 cout << x.second;

4 |wvoid getvalue (PBI x)

154

16 if (!x.first) throw "Syntax Error";

17 if (x.second < 0) throw "Syntax Error";

18 cin >> MEMORY [x.second];
9]}

HAPBIS 5 R IRAE A g N H AN HE, @5 — AN HPBIfE Ay H
5. Hbool Nfalse, HintNiz®E 45, R~HIWIT.

I [int to_val (PBI x)
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2| {

if ((x.first) && (x.second < 0))
4 throw "Runtime Error";

if (x.first)

6 return MEMORY [x.second];

else

8 return x.second;

9|}

11 |PBI operator + (PBI lhs, PBI rhs)
2] {
13 return make_pair (false, to_val(lhs) + to_val(rhs));

4]}

2 ANPBIZ 5 AR I DU AR 475 22 T 00 FRIPBIAint KA A7 I f4 (B8 21 4 A7 i 4l
HhiE = A E

425 RKES, FEFE—: B4R

X RAR ARG 2R BT S S TR A TR
BN RRAAEA, FRHARTERER TRAER NI E. (HHTAREH
A SN BEAZ, FrLlca —m s B A H R AE50% L F, 100% LA T (1)
LTS, X R TR E OO BERE ST BT A 25

Xf— N ST — B NIRRT e T T I - 14
Ho IEXFLIUCAIX R ERIRTA T A E — NN AR A B 7R T A
RAFXAZ BB E, AT A RAEE B — AT AE N A E,
HHBA T BB TR EEELI WAL E . B ABIRI —Fh 2 HE
J7 R EAFET 1
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Address Content Value
by A x+1
x+1 A[0] x+4
x+2 All] x+6
x+3 Al2] x+8
x+4  A[0][0] A[O][O]
x+5 A[O][1] A[O][1]
x+6  A[1][0] A[1][0]
x+7 CA[1][1] A[1][1]
x+8  A[2][0] A[2][0]
x+9  A[2][1] A[2][1]
XM, FEHRBEA TR ]S K PBLSint i 5.

426 MiX=S, FHEFM= AFEEE

BRI 5 R 250, 27, FEEA PRE R A7 £Eint main 5 1) 0T
HE T

XA, 7 S AR B AR Ik A 1] L

BB I AR, AR DUT R E B AR AN AR
MR B FE A BT & eSS 5 0 b, AR — R AR %A T W ) Y
FEFE 5 o BB AN 75 B T ) BT S Y ) A Rl S FH A AR

FERAE — A, ATE BB R PHE A RS R IXAMER), R
BAG A B R TR R, I8 A PRAT R T R B I 1 D FR A i Y IR A AR
B RGN WS A T A B AR &

HEH— A ~map < string, stack < int >>K—"“stack < stack < string >> Ak

Bl HIE IR, J5E RS B By 75 W

4.2.7 WK SS, FFMEN: 2 MEA
FH—AN 36 398 FH B 43 B R R a0 i — A B
FF UGB I B R FOR A TE A 2R AL
R 1A R A A e 5 1 B g R

750
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int4 75— B TE A

FEAEAE S iR — A HIE S

returndf 7 — MR EHEIER), 2 HA — A BRI I ] U 70 B A o
— A exit(0) i 1k

FAb I O T A2 i 2 B S 1 s i) il AUAL BB e AL 2

42.8 Mk 6507

XA I TR ER). X 0] R T80 A — RS Byl I 52 Ab B
Rk, ARO6 AT HRAE L, ERCR EAR B AL,

N T RRPOX — R, 7 AR S — e R I S LR e A SOEE
SR G T B R AR B RE VAN IR ST

HEIEREM A IR Z LT, BENNERDER N EER:

—/NHERIRAE B R A5 B Hvector < string >. — A8 & 7 B 15 G) vector <
string >R REORAE T XN BN RS, LRSI /DN: ARRE T A
fvector < string >R REE A T EWMSEEI AR AR RS Ik RGE & H
ANz 517 RE B ST ge R AE T HEE =AM BRI & ERi &IN5
AT

— N RARAFHZ T Wvector < Treex >. W A% T GEfE R LN &S
HHAE )5 RUR LA BT A

ERHIX PR VER G, HRPAT IR T IEER BRI — AN S, A
LS FEH A PAT IR 2T 4 PR Imain i function 15 £

A 2l I 2 B ok U B R B AR,

429 MR Bm6FT7: — N RH
AN TR — A RS ik, R aRE g 1 ik R

BRIk
EXPR = TERM ((+ TERM) | (- TERM))*
TERM = FACTOR (* FACTOR) «

FACTOR = integer
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TREBE DB FIRE

EXPRY S I AL & S&: vector < string > B4 T+ 807", faxn T8 —
ANTERMAUEHIFF S, vector < Treex > & TN TERM s
TERMT5 S BC & /& vector < string > N=Z, vector < Treex >EH 5T
ANFACTOR™T £
FACTOR™YI i HIBC B /2: vector < string > H —/NJUE, Nintegerff] HAKEL
i, vector < Treex >N=5,

B BTEE R Y e SR R I FE I -

201551

{

}i

struct Tree

vector<string> VS;
vector<Treex> VTp;
Tree ()
{
VS.clear();
VIp.clear();
}

AN L) o TR PP S SRR -

Treex analyseEXPR();
Treex analyseTERM() ;
Treex analyseFACTOR() ;

Treex analyseEXPR()

Treex ret = new Tree;
ret->VTp.push_back (analyseTERM() ) ;
while ((Lex::nxtLexeme () == "+") || (Lex

— n_u))

ret->VS.push_back (Lex: :getlLexeme () ) ;
ret->VTp.push_back (analyseTERM() ) ;
}

return ret;

SRS RMIL T PEERKAMREEARIE

::nxtLexeme ()
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201551

Treex analyseTERM ()
{
Tree*x ret = new Tree;
ret->VTp.push_back (analyseFACTOR() ) ;
while (Lex::nxtLexeme () == "x")
{
Lex::getLexeme () ;
ret->VTp.push_back (analyseFACTOR() ) ;
}

return ret;

Treex analyseFACTOR ()

{
Treex ret = new Tree;
ret->VS.push_back (Lex: :getLexeme () ) ;

return ret;

IR R o AR AR IO (0 45 FH A R 2

int executeEXPR (Treex cur);
int executeTERM (Treex cur);

int executeFACTOR (Treex* cur);

int executeEXPR (Treex cur)

int ret = executeTERM (cur->VTp[0]);
int SZ = cur->VS.size();
for (int 1 = 0; 1 < SZ; i++)
if (cur->VS[i] == "+")
ret = ret + executeTERM (cur->VTpl[i + 1]);
else
ret = ret - executeTERM (cur->VTpl[i + 1]);

return ret;

int executeTERM (Treex cur)

SRS RMIL T PEERKAMREEARIE
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18] {

19 int ret = 1;
20 for (vector<Treex>::iterator it = cur->VTp.begin();
it != cur->VTp.end(); it++)

ret = ret x executeFACTOR (*it);

S

return ret;

5 |int executeFACTOR (Treex cur)
2 | {
int ret = 0, SZ = cur->VS[0].size();

28 for (int 1 = 0; 1 < SZ; i++)

29 ret = ret » 10 + cur->VS[0][i] - "0";
30 return ret;

31|}

Ve AT AZ 253X A s B 5 3 P AR R ) B A2 % ) S ST R AT RS 1 1%
UOBNR/E

4210 X8, 9,10
X ZAMER A SN T BREL X R A HTRE PP B AR H AT 3t 47 2t

4211 Hif—: RERITEIRR

Ak, Rk EA Y X putchar bk B #EAT 74l FESIN T H 2 LR
PUG, N2 ] LLAR S B ek ALl

BARBR YRR BRIERIBE R HIEE (RN RG] HFACTORZ)
BB —MARIRFTIS, HIBrE R AR — DR AR DB T R 1A
PR RRDL T AR WRAZREL A —NER, [NAAEBEBERIE
ROF N HME R R, AR R TUE Mputchar,  A1ER 2 U5 AT 1R
XA, AW, X ETFEH R, AR RTB FImap < string, Treex >
H AL XA B BN S BTEVERS T8, T TR EIAT AN T IR AN 2 1)
A BRASL AT pR B S 404 O3 S AT 75 AT
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42.12 M= AEEIEER

4.2.6 7 1 A AFE BELAIAE X = R0k B R
PAL R REFr 9

I [int x;

3 |int func ()

Ve

6|}

s [int main ()
o | {

10 int x;

1

2|}

func () ;

RIE4.2.6000HLH], TETFEPATmainZ 7, 2RBEXPHH, ANtk FFH
fTmainblJ5, AR ExHEH, Atk. A funcll)a, 752 FiExfHbER R [F]
FRIEXIX AN 24 R LA TH, - Bl main B B R ¥ AR R, X ARFGHE, 1
BR Hifunc T BIx N 2B 48 102 — R KIS 5 LLAM 42 R 22 X

TR B G| N EE g5t stack < multiset < string >>o 1X /U S5/ F R AR
AR AR F YN, EilnRERLl, BhREiZEREh R s
B AR AR IRAT, e, RIElmap < string, stack < int >>PIFRTH, 75 MR [6]
A4 AR s bk, MIRX A HIE S Emap < string, stack < int >>IERJK.

4.2.13 —AELIYAFS: return

return S FE T HH T — > BR BT

T LE AT VR B I A% A b W — ST AR 7 3R 6 T I 7 — A ek 00 A
X7 SR — AN AT Ak FireturniB A 1] 7] @,

TEZ AT s, T R — A 8imain, 418 Blreturn [ 5 5% 7T DL B 2
AR T (Al Hexit(0))s

BATH — Areturn fOPAT I FERI 7 O LB B

PATHIBBL: oM 288 3 T returne 8t 7,  IEAEHH 5 E AR IA .
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PATHI BT B A28 AT — R 5 [EER, B2 5] 23X AN R £ o 3 )

PAT BT B #EATIR HH— B s EE 94T 43 AR,

TATE R D], BEARW LU IR 24 2R 20 W returnt® A [F] IF AL T 44047 7B B
R I BEZIAL T HAT I B B B returniBE 4] A — N X2 U, 7T MEH &R
BRE Hreturnif ), SLHHK.

2015FERFEMILT PEERMREMRIE 265



KT LURAAE A — KO DTIRR TREBE DB FIRE

5 TMIEE: 6T BIRGEHIATE)E

FEANPTAE RIS BANZE o, A TFRy “ G R M JBE L BR ™ [ “
7, FTE CAGINET AN RSN B “ S5 1T 134N
K5Ee MATE4.2—FE A SRARA G, B A B B A R R (WS
MHR) ZJm, WAL T 6N RS A T AT HIAREE, At B4, 2485 F S
I BIERN A, e RA407, itk “BRRENAHE” R T .

F A EARRD SR ik T4.2 (RASKE FR DYy 2 — s fe ),
AR T4.1 GERAUR ZACA LA FHE — A ks EESLHD, X —smE R T %%
1, RESWPIELL % AN FIO/ACMEEFEH1 1.

FES TR PE g — A a7 o) . B 4] tH BLAE — S ACMLE 38, 2 i%37
bE 3% rh f AfE 1) ) L, A 81400 2 38 BA AL/ T+ A 14 BAATL /38 T A HY 1 AL
5. 290 JUAS I R 515 — SEARBI ) v 2 80 45 R AH 25 549 21 17 W0

5.1 Unreachable Statement*

e — B Coil 5 IRAC b BT AN AT RERCIRAT B I TE )

Cbif & 2CIHF K — T4

—NCbAEFF 4 T MfunctionH e

& Munction B 4% 2 J& function BRELA () (1B F)*)

R =AM, “print AR, “if (RIE) THH[else 1HA]]” A (IEA]*)”

printi% A SLPRE Lo

KL AH =Fh, true, falsefll “LEL _IUHEMFEMTFR”. ZnEMNE
A AT,

A& ini Y. AR5,

5.1.1 HIEFHESR
A3 ATIXAN W) B3 ) 43 BT RE e AT DA 20 B AR AR
1 BN FLZE, AR ES (3.1).
2. BRI AR (L4.2).
3. AT E g

470]J 3786. Unreachable Statement, f+—EH LA AFERREFRIT=E
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FIAT PR E 25 R AR BB TN — N, 5.2 1 5 Bl a5 R EAT IO 45t
RAEAE AT VEHE 25
T T AR 1 B R K T R ) S LA T

5.1.2 MINREESRAEN

FEAR Y, 75 2 BARTERR L AR AR, AR AT AT BAZ B 7 AN AT AT 2.
X B ARAAAR B SRS B AR M AN B2 M — AN G A4S B 1X
MG BAE BRI F Stream:: getChar() BR ZU 5 3.

513 EAESEREIIERL

— /MR A AT e IRAE S T T (43 8 R 3R]V A3 A A A T LA B AR
2R, HERFEZH T E—/NihsE Rl E R, & ZEids—Dgeh X i R4
FRALBAR B IXAME BAERE O FLex inxtLexeme OB, 7EBEIL BT E = A F A G
BT

5.1.4 BEDHTERHIEL

KB ARAIEAENEIRE R NI — DN HIL, WF4. 14038 7 F BEiE L1
AT DAEARIX A TAES

ERRR =N BOES), FRERFENHE D00, EES TSRS
BUEARXRIEXMELE, BX—EEANTATHRRER, 50475 e 2815
X—F BN ER BRI RN AT AR “ARAT”, MITRIE S T4 7 2N
WE S AT 2 R U AL B R BRI R, fERX — AN X R G TEIE T4
N 24 25 VR E 2RI BRI — 15

T2 AR AR A5 B E >, BRI NG VR S M nT LA AR )3 1)
A M. 7E5.2.1F05.2. 270 R AE H R AT B i E ot ds,  HARSCIL R 45
B,

B B Ak A7 {EelselUIC ] @l —ANIX AR b 3CT6 6 3020 LA uid
RLL()E K. ARMHRYE 5 B, — Aelse ' 2 B fe UL — A ¥ A UL B fRiflC fic.
R LETR S A AR P R e o O fE AT Belse B AT, AN — 58 BEAE AN S0k i
FRLL(1) 3%
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KT LURAAE A — KO DTIRR TREBE DB FIRE

515 ATHFIERS

AAT R H E B — AN BR S M. B ACEE— R A A, S R )X — &R
F el 507 JE . IR A U B 1 AR B 2 A IS L 2 A 3 B A
Y RAT R E AR IR B F JE I, ARG TEVE 2 A A A T B 1) AL B A R i)
FIHT.

AT 5 A5 7 SRR DA 48

1. 30—

2. MR 5 i — IR 1 A B ) i e

3. REEA T

TEAR A, XA AT VA € 28 6 & — Dmap < string, stack < pair <
int, int >>>M—int. /I F QRAFHEAS AL B 2 AT K BUE Y6 Bl B A AR 5 )5
BRI RE, 5 BB ST falseR)BUE TN _E AT & AR L B AN T
TAKARE RN M HsrackZ )y 1T T WU & e — D dr il 28 € &
Hin 900, YIRS, BB T MR,

52 TR

MS LRI AR B, AT PR E 8% 2 — ML AR, i T X MR,
AT LASEE—SE A Dy g

52.1 EHA%ERBIT

FE5. 1A |

iff R IE R R T A “al Fhp] >= 187, X Hak — MK ANBintE 4,
HEANTTEWERKTETO0, HHEAH: Wifali jlEIE0, Mali.jlrI oA
INTEET4 R HRK.

TEAE A, AIAT M T 2% 1) A el A 7 ) e AL Y Bl 5 DA A 40 W — /> 4
I RAEZ T BRI/ 1% B R B b — ARk B B AT

SHDU 4874. ZCC Loves RPG, %114 £ =1%
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KT LURAAE A — KO DTIRR TREBE DB FIRE

522 ERHEERTHEHS

FE5. 11 2Rk 1=

AR B (2R Mint B 4 fibool.  if 2RI A B O AR B 15 AH A

FEAE T, FATIERE S — P E g, T R R iR
B, BT MRS SRR CE TR I B AT 8 A 2Bk £ R R PRAE R 2%
J.

523 ZAMERTK

FE5. 1A 1

A7 B I 2R A it #e il PE B H R A A (Rly). iff Rk AL T R
“ax+by+c >= 0", FFHAAH|, [y < 100,

FEA G, BRI AREZ ) (xy) T8 IR — N 28 . F AR R i SR IR A7
EAE. A AR B LR — B A, SR TN SR
FHAZ () £ i T R AT

53 IhE

AR R REREFE A 1E [ IR S A i B8R +TRVE A A g R e
A ARG b, ASIIAN R B R] AT P S AR AR

IR PA) L AU R R — AR B RO ER AR ROV, AR 2k DL
A RF A TR IX — PR 2 T AR A 48 5 SE DL —— RIS IE SR DL K S5

M, 3R A A AE B L, IR AE RN 73 Htfa 5 K S 17 R ) 7 T
EAHRAE o

JEAT WP LA 45 A 1) M DL AT AL, (ERA B AT RLIR AR ? B3
PAEER RAEE 75.22M5 2301 1. X EACEIRE 51 K, FFIXA ) 45
FATEE BT,

97ZCC Loves AVG, # A1
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KXTFLUERIEB N AN —ZX oMY HIRER RAEER) | B AR
6 Rt

U CCRIR LR FE — N2 I IS IHL 25

IR R E IR =5

UHEASCE AR R 4 T R A B R 24417

JRUHIT A KA B R P Bt SE 3R M AR 01, AT AR LSRR 1 XA
X BT = 4T A A

SE 3 Ek

[1] Alfred V. Aho, Monica S. Lam, Ravi Sethi, Jeffery D. Ullman “Compilers: Prin-

ciples, Techniques & Tools (2nd ed.)” ({Zm P& R BR(EE20R)), HUAK Tk H iR
1)

[2] Robert W. Sebesta “Concepts of Programming Language (10th ed.)” ({ZmFE1E
FEHECEI0M)), EHERF D
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ERAHNMRSNAERERREE HXME—PF SFX

EERRANMERENHRERERE L

S e AP

mE

ATHARARE ARG B, ALRETREERAM, FOHTELR
WA IR, BAEEMT ZAE LA A X kiR k. REALLH TIL
ANADR S B e iR A 69 5 FR 0T

1 51§

TEG R RHET, BB — LG LSS MR A . b2 3
RTEGHH RS, WFEIRSR A fo R TG S MR R RE
AR, FIRE% TEHER, B 7E S E P B R R —— XA
Kg 7. EARHE, Ear? RBERAEESX, EEF EAEARFHNTA,
AR BTt R BEIE R T -

[ FRATTE R SO B BB, AT AR — AN o, fr, ... FI—A IR
TR () = Yoo fixk XN, FERRZ NZEFN A R . BT AR L
S Rm B B 0, AE TR B R UR FA Pes 59%, B DUAE R
BT )1, ffR T — A AN ) A ] R

ANEERE R, AR DA fo IXFER) N AR NG R — AN e
HAE LA BR B, AT = AR S = R Bk e 2 AR SCE i T — B R AL
(CEING ey ¥ & N S

FEARH 27, RXUEESH THREA TR E LU SINEEHE, Wik T
SLZ A T8 L Tei

PR ORE 3,4, 5 Wl =%, MW =FuifE Rk FH A HA R 5,
BB T

TESE 6 711, ASUEHGEH T IIAEE FEHE bR .

NTHE, BATIE R LA SR A B e 5.
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SERFHNMRSNARERREE HXME—PF SFX

LS 1.1. ZAVEREEAARE U ={1,2,...,n), E£PFn=|U, KPHENBRIL
TR BANK S f PRELS S HR U BTE.

B 12 X XA —NELS, A2XEATXWNRE, BXWHATEARNGE
A

= o

1B 13. A[PlATEAEIXNPREZIA1LNHAH 0 Flhe [x=3] kT x=308
B4 1 %0 H 0,

2 EX
BUERAMTGIN S L.

ENX 21 X F A=A, WNHAEH F:2V S FAF L ANEE5FEHK
NS €2V, s AT S RANRK FBEHRM, /K A IZEERAK
%S M ER. TR RATTH-NRZRRAE, A fFERALT,

185 2.1 FLBA CRQF, %, BMAFLRME KM, AL FIRKM
B AF L ELSFRBE, MmAA—NINBEERPATHENIR LG ELSFAK
B Do PTVARSI T REFAAG o, KAVAR F A T2 ROELSREHG R
P /8 69 3o

LB RRE L MBI INEE H AR T e L.
EMX22. X g WEAREBHEK, L f+g=h, EPhA—ANELRBH, B
hS /%/i:

hs = fs + gs (D

Bp 3t 2 & AR A,

WL R s + g5 BON fs —gs BRAT T L, FATATLAFE 02" T Y =R
PN T L N

BoENESFBRBOY T — AL WUREE, HAPRuhR/E39°8 0 1)
LG TFHHL
BE22. THEEceF, Se2V, SMAFT f=c RET—ANF S AFZHK
He, ERAHAONELSFRBI fo TR o L—NERGFT, AL
ik, BRBIM, T 1x5 KRANTAEBRH 5,
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ERAHNMRSNAERERREE HXME—PF SFX

HAT W MEARI - ETUERE T of MIM0TKR. T RRA)
REVEEEE

f=2 5 2)

Nl
KER—NMNEERTHEL.
Bl U = {1,2) L F =R, BATH f(x) = 5x2 + 9xV + 302 0] PLK IR —
M fo =5y =9 fiy = 0, fuz = 3 EERBHEL.
HEAIAE R REAR T, IR RAZ WA 5E X2
WIHIEN h = f-g, BIRIAVA ERIEXINER L, 4

D sy’ = [Z foLJ : (Z ngR] = > > (fx') - (erd®) (3)

Se2V Le2U Re2V Le2U Re2U
HARIRATAE (fixl) - (gax®) 2 LAMEFEAB R RAKN, RATR—A 20 B
TICIEE «, AR
e VL,Re2V: LxR=RxL CZHHE)
o VL M,Re2V: (LxM)*R=Lx(M=R) (Z5H)
e VS e2V: Sxp=5 (BARILH @)
TS ABATHATLLSE S (fixt) - (gr) = (frgr)xt®, FHERPERE A& R HEUT T
R A S A SIER . BRATATLUENE ce F FILREE
cx?, XFEREMEN TARER S e2V A ex¥ =c-x°. TREGRIFTLW T —
NN, FEHAE T FAENTH.
s BUBAS R 1938 5AT DAF BN F I ROR. T = FRATE 250 E B A
[FI = 8 SRR BT BAXNMELGI. FEBH =R,

3 KEHBER
AT L « R = L U R EinT LIS RE S FFBR.
EX 31 BEMNELANESFRAMHRBAELSFER L f = Do fs15,
g=Dscwgsx, EX f-g=h, XF hR—ANEEFREIK, Hhg #HZ:
hs = Y D ILUR=S1fgr )

L2V RV

NTTiE, f-g WTLARIIEHN fgo
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BEFMER SR AR ERE % BONHE b SYIN,
3.1 REREE
BHANESTRE, BIIME LRI figr B hyor b, XFEHITE
G BT E R [ E A2 04, B & TR .
AT 7 B B B

3.1.1 MiE%kE
FAIHLE U FHITTER ne BATATDAE S n B4R S IR — (n) 2R, A
BUATLLS L f = £~ + ", g(0) = g7 + xMg" IR T4

fg = (F+a"r) (e +a"g") (5)
= fg+x"(f g+ e+ frgD) (6)
= g+ + e +8H-fg) (7)

P CABRAT T i) AR AL B T 3R fg™ AN (f + (g™ + g, MIXEMESRHR
HEETEAE n XANTER T, LA U ={1,2,...,n- 1} X518 HEEAT
ek BT,

W B AN T(n) B4 T(n) =2T(n— 1)+ 02", fiR1E T(n) = 0(n2").

3.1.2 RREEESHT R
ARG — 5 s K R T R aRyE R HE
EMN32. FF—ANELFEBE FHEMEL fHOEB TR AELTES S,
AP
fi= 1 )

TS
Ritk, &ML foE B MREH fo
H 2 R IR, AT A4S 2

fs = D (=DFMfy ©)

TCS

'M&bius Transform
2Mobius Inversion
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ERAHNMRSNAERERREE HXME—PF SFX

P FAER MR, SIS 7 s A7 A HLME— 1.
AR (4) 25 2 S (7] B (8558 B B A e, 820l ) LAAS 21

hs = ) D ILURC S1fign (10)

LC2V RV

FAHIE, BT [LURCS]=[LCSIRCS]FU:

ils ZZngR (11)

LCS RCS
= (Z fL] [Z gR] (12)
LCS RCS
= fsés (13)

Frbh, WRFAVER b= fg, BATATLASARE £ g, XA RHGRE KA
B h, B AR he IABAESEE R EET, EREPUEOR H— N EA RN
LU AR 4 DL R B L S B e

FATRT A A, & O A S\T C{L,..., S PIFET NREZ M, £
RO = for BABETFRARCE i 09 S B L= {700 0= fion + 70

TATVET LA RIFE T E T R L S B . AN BRI B ) 5 4 B A
On2"). R T A RH:

Algorithm 1 FR# 5 LY 5 A
BN AR S
With: f B A
fori — 1tondo
for all S € 2V do
Jsuiy < Sfsuw + fs
end for

end for

return f
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ERAHNMRSNAERERREE HXME—PF SFX

Algorithm 2 FR# 5 LY 5 7 75
BN BB S
Hith: f SRS i S
fori — 1tondo
for all S € 2V do
Jsuiy < Sfsuw = fs

end for

end for

return f

XFE, BATHLRELE O(n2") I 18] A THER I AR & RISl

3.1.3 LbE

AT — N XM EIRE L. A SRR R B AR A AnilEE
RILIT A IR IR AE S S AR 4 55 S L S My ey lE B AT 1 —— 3 IH R &
P AR R £ 0 BE 5 BT AR i, R AR PR IR 2 £ A5 b B i i XN B
TR IA R —FE

1R M2, XPIMEIAAE N R AMERACHA R LIPS R ENEGR
P

32 HEHRSIHEVMERR

Y FRATHE TR A B L S A e, xR R B, A b R X =
AR, WRRA TS =AM E S RO, H B BSR L  HAr
e, XN R BT Sk 2 JE R B T R AT T, AN 4 S A R
e

IRANGER R FRATHE 0 S A T B 4R 1 A g ] B L 1 37 A e 1 4
fEe T f+g MBLLL LA R BT f A g (xR R BN, fo B
SR R T £ g (X RSO, B AT MRS RS f,
RE AL T(x), WAER T, WLARNMHAEE £, RESFEDS R
fs SR T(f), REERBET T(f) MBS 83, 0 HA 5 bL 1 3 S s e
2] T(f)o
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ERAHNMRSNAERERREE HXME—PF SFX

RE R, FATSEFIERE T WMRIE. fENRENYEIEE, &5 E Dk
RN S AR ) R AU R . PTEL, — MRS R R M A RR
762 HA 4 55 b 5 Jr A8 e 1 BITAT AR 5CHR AN O,

EIR R A AR FRATTH PR B R B AR A O(nlog n) BT
A TS 2 TR, TS 5095 BT DR BSOS RE 4 R i HE 5 H R
W] LU St B AR AT T AT n R AL ARAAAN 2 IR, R R BUE RS,
REEGTIER GEATEMINES /8

AT A5 PR 5 B 15 AR ) ) — SRR F) BEA

EX3II MF—AnE@EXxCF' fo—A%4L S 2V, &ML
X =[x (14)

EX 34 MF—AMnEREXC F" Fo—ANELSRBHK f, &MTL:

f® = fi % (15)

Nel

TUAAH fx) B—DNEXTx,..., X, B9 n T% R X

EMX 35 FF—ANELSec2V, 2L S WHiEqeENScF", L
S;=[ieS] (16)

MARATTTLURIL, fs = £(S), FATLABL LG 5 B AR s 2 40 B 56 & HOASAE
I RN RBORE, B 0 Sl 2 Al (. T3 0 0 1 XA
R IEBRIENETEARY, BT —1 01 W& x BbF xb- xR = xR, By
PAISHTF b = fg FATEE ERMRIAE AS) = £(S)g(S)e XEERATH NS — M
fie ke TR E A HE.

4 EEXMMRESH
PR RIATH— Py =g IR
EX 41 RXANRE A BIARE R :
A®B={x|(xcA) @ (x€ B) (17)

AP EMe o HZHFR, FANRAXABULRE AL, FUAE.
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ERAHNMRSNAERERREE HXME—PF SFX
HATH L « R = Lo R Bt ] LIS B G XK ZE,

EX 42, ZMNEXANELSRBHO TR E LR EZER & f = Do 51,
g:Zngugsxg, Eng:h, ;EI:“:‘:Y hf%"/]\%é\%%»éi, .H—I’ls I%/%:

hs= > > IL®R=S]figx (18)

L2V RC2V

NTTiE, f-g mEARHCA fgo

4.1 RREX
BHANESTRE, BIIMES LRI figr B hier 2%, XFEHITE
EXHREGRRITHE RN R E AR E R 04, 82 ikEsz 1.
AT BB B

4.1.1 riaTE

PREE G I B BRI R — 4, BATIE R W LE H A i Rk HATHE U
I ICER no BATAT DB S n (5 & AR — A {n) HOR, 5200 Al LLS Ak
f=f+alfr g =g + gt M. Tle:

fe o= (F+a"r) (e +x"g") (19)

(f g +fgH)+x"(fg"+fg) (20)

BATATCAFET SR (F~ + g +gh) B (f~ = f)g - g%, RJEm A
BRLL2 B3] frg + frgt WAMHBBRLL 2 B3 f¢"+ ffgs WATATLLS
U=1{1,2,....n— 1} XG i HiE AT 3RERD ],

BT R BR A 2, iZBEVEANRERTRHE Y 2 1) F A

WS B A E RN T(n) A4 T(n) = 2T(n— 1) + 02", R4 T(n) = 0(n2").

412 BRRRH LR

FARE — A I K TR I 5k —— PR IR R A A e, BRIETRIR
H AL SRR R 4R N 2 10 e 4 DUk ] B AR

JRSIE AL RIFERE V8 5 IR i, i~ AT S & 8 5 R AR,
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EARRMOM RSN ARERRE S ENHE % 291K,
HARERRN T NMESS A:

%Ekqwm:m:@] 1)
2 TC2U
XAHTEZR, B3 S ATER, CDSTEN 1. 23S NS, &ves,
%B/A%%—/l\ T c 2U’ EE:J: (_1)|Sr‘\(TeB{v})| — (_1)|(SOT)®{V}| — _(_I)ISﬂTl, Fﬁu
(=S4 (=)SnTeDl = 0, T Tevie (v =T, FrblIATAT DA EEA T #R
T @ {v) Boli—%F, Bl S A A, FERAEILHR 0.
FIRIXAERT, AT LA TE (18):

hs = ), ) ILOR®S =olfigx (22)

L2V RV

= Z Z % Z (_1)IT0(L®R®S)|ngR (23)

Lc2V RV T2V

= Z Z % Z(_l)ITnLI(_l)ITmRI(_l)lTnS\ngR (24)

LC2V RC2V T2V

=;§}mmﬂzewmmﬁzewmﬁj (25)

T2V LC2U RS2V

XHE R IATE SRR AR e
ENA3 HTF—ANELFEK FEMEL fOXKRATRAELRZEK f, £
e
fs= D fr=pn (26)

T2V

Batk, &ME L feRRAAETRH fo

2% 5 PR T 28 AL 9 HE B0 0 TR AR A3 A8 R M — () (s B R
g=x2 BIFD), HN:
ﬁ=%§ﬁ%ﬂmﬂ 27)

T2V

BAVHERENIRESIR, HA:

hs = fsgs (28)

'Walsh Transform
Inverse Walsh Transform
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ERAHNMRSNAERERREE HXME—PF SFX

TRINPAGR h = fg, BATATLISERT £, g 48 BURGRARH AR, %5 R KR
ERABE) by PR H A, BT AT M AR T RO R — MRS
TR /R A DR R AR 2 4t

FATATLLE B, B S0 RIS S MR (1,0 T4
HISE TN BOTR AR A TS 38 S T, BITREE S @ T € (1,....i) KBRS T 19 f(=1)57T
ZHL & O = g, BEHBIMTEAAME S A [0 = 0+ f0 R
Fsow = 57" = o

TATAT SRR A R L L A3 BR /R A0, TR R /R H A e
PRAR 2 40 (I [ 5 ZR B O(n27). RISt T ARTD 1

Algorithm 3 PRH IR /R A28 4
HWIN: AR S
it f PIIRIRAT AR
fori — 1tondo
for all S € 2U\7 do
L fs, 1< fsu
fs=1+r, fsup=1-r
end for

end for

return f

IXHE, FATHRETE O(n2") W] A THERL S A4 B R ISRV
AR, BT AR 5, ZEVEANRERRHIER 2 B F .

413 HEE

FATHE — N R M E AL, A R I i i H SR T IRR
A AR 4 5 IR IR AT AR e — R HEAT T —— 38V L B R AE MR R AT AR e, 1]
I E R AR R AE AR R A A e, IX PSSR AR 52 —HE 1

SRTAT AN BEVE RS TCIE XS RHE N 2 1) F AR, X2 — NN, sebr b
PN FEFRRERME L 2 A RIEL T S 3h LSRR &R AL -
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SRPHEERSNBRHIREE BRME D% SR
4.2 HEHRS|HAIER

PREEGIFGIR—FE, HIATETETT RUSIRRAT A e, X R B e, i
ORI AR HX = A RE AR, W REATEL =R ST RACRER, A%
I SRIRIRAT AR e, SEXS B 28 BRSO 22 Je B R A AR el AT 17, AN
I3 I R

XA R R BATHERE L] 52 & R G B A 5 A R IR AR AT AR 4 1 5%
e BT f+g MR REBEET £ R g RGN, fg MRS R AL
ST f g MARBUHIE, FTUAN T—AMESRAEE f WRE A2 T,
BAVESR T(f), MAFMNTAHSE F, SRR REfs R T(fs) B3 T(f)
HIRORAT AR, X AR IR A A Bt R4S 21 T(f).

RE A, A BHE RS BRI (FARIENEEE, #5F LM
BRIkt A AR R AT A e i) R B SR T T EL, — ME SR RECE HE— KSRk iy
7634 HACH TR A (T R AN 0

FATTAT BL22 A5 A PR KA AR ) 53— RRCAS A B

AT FFEIR T x5 M f(x) BIE S BEHTE SR A HIRFIE [ 2

EN 44 ST —ANAELS eV, 2LS WHFEQGEHScF, L.

Si = (=D (29)

HABRMIATLURIL, fs = £S), FTLARRAT A He it 2 40 FT A 4 & HIHRFE A
BRANESGFRECRE, KR WA S ME. FEE 1 WP HET 1,
FTRASE T — AN — e 1 (& x %A xb- xR = xPR, FTLA T h = fg Al
At A AT A HAE A(S) = £(S)g(S)e XFEFRATHM 3 — LA MERE T XA R
SER IR =7

5 F&EER

PR R FATT e — R 7 g vk, X IRFRATTE X« AR ES I, B
WHRANB+ o WA AxBRENL GPEMY, x*-xf=0), BN NAUB, T
& 1B E o
EX 51 BMEAANESGRBEKORBRATEER, X f = Do 535,

I'subset convolution
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ERAHNMRSNAERERREE HXME—PF SFX

g=gwgsxsS, RX f-g=h, P hRA—ANEEFREH, Hh #HZ:

hs = ) D ILUR=SILNR=0lfign (30)

LCS RCS

NTIIfE, f-g WLARHEN fgo

5.1 RIREE
EHHHNEESERE, ZIIMEBEEES AITFHEL nLIEFIR=S\L, #
frgr B hy b2, XFEAT FEGRPITHERIR ] E 25 & 03" K. X2&R
N iz (?)zi = 3%
T FRATT S R R A R

511 BUAREHER

RSP [LUR=SIILNR=0]=[LUR=S][L + R =S|, X@tEKEATN
F FREARREOA Fllz]) € NESFIE. @R mmE 2, AT 2
IIRER R EEA RN RIS L) + IRl = 1S

XT— Fllzl] EREEFELE o, AMDIBARN S o5 £ o BIE S T
MEREL HEEN XA RERA F MBS BATH os; FoR os B § I
) R

EX 5.2 BAVMHR—AF[2]] L ESREAK c ARELSRBIH FOELSELER
BHEREAREHTEE-—ARES 2V, HTF0<i<|S|#HRos; =0, B

Tsisi = fso B N
o= (EE N g 3D

Seat Se2U k=[S |+1

BAEBA T B FRATER A TG WEEHMRE R T, B f,g 4
Fee ok, AT A BCEATRES SRR E o, REKR o MEEGIFER
132 6, WAWH hs = 6s)50 HTEBEREINIZ O(n) 1), HHFZE On?) 1],
it AR B I TR] SR B2 O(n®27)

e G BRI PUEEIE R RE, BRI 1 WES AR
T o, v MBS AR e, X RE R R, bR AT AR AR, AR
Jo P LS 0 SOJE AR 2 6.
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ESBRBRYMOERSNANEIRRE X BEONmE_hs SN
512 HUREEWIRESEH

WEE| [LUR=SIILNR =] = [L&R = SI[L + R = IS, FTAFAIH A
UHL £, g HIBE A di BERE M o T SRJE 3R o 7 AR S R FR 2 B S5 6, IR AL
hs = 6550 FALBIBT R S22 022,

513 LbEg

HE BRI, BT REN I EGRN IR AR TE 2 i, KA
R BRAE, 1Sk br EAR RS LSRR A T LRI SR & 5 R G AR, B
ASARE EHERF A R G IR T RG],

52 HETHRS|HBIMER

T RHEESHFGHEREHESTIRESG, FWATECIRIE AL K 12 4,
ZECHHR, AR, FRATTE AT CARE XS HE L AR A R R U R E R O SRS S AL
TR A ) R, FRO AR

BV RE BERE. AR — MR AU R ikl oo 24 HAU Y W HiA A
0, FrbA—MESRYEAFEN T HACUE o AREA N 0. FATAT LA 8
HELE On?) B 8] P 3R Y R B e i 0 B n IRIE, AT AR B BESE O(n22")
B 1] P 3K HH AR A T U ale ik 30 e

TATE T LUE LA BRI FE (exF) = 3 es oW AT DLIEIXFE 5E
S R F RO R AT, 8 R AR R HE.

R RN PRI UER Y, TEERILESGIHER, £ENKES
REFHEGE L.

6 N
B TR RE B A TR — SR .
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SERYENER SRIBREREEE BXHE— T3 S9N
6.1 BEHEEHAERNHERSH

6.2 iR

WU ={l,....,n}e H—NANTEDUHERM. BEE, WRISFEL4—A
U BT, B ET8S RN ps. HURNLEREGHIIFEN U I
i X 4

YR n FIEEANEES S PRI ps, SR 2 /0 [R5 45

Bl n <20,

6.2.1 f#*%

WA p BRES TR, BLE kRAEHREIHEN S KR NES T
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