2018 Chinese Multi-University Training Contest
Stage 5, BUAA Contest, Monday, August 6th, 2018

Contest tutorials in English version

skywalkert
The difficulty levels that jury has estimated before contest were:

e Very easy: B, E
e Fasy: C, G, H
e Medium: A, F, [, K

e Hard: D, J, L

In terms of number of teams that ended up solving each problem, the numbers were:

Problem A B C D E F G H I J K L
Solved 7 47 2 10 906 3 193 44 2 3 1 O
Submissions | 29 4513 32 163 3444 36 1720 234 7 88 10 25

We must confess this is a difficult contest, as you might notice the wide difference between supposition
and reality. Anyway, we just wish you could obtain better experience and better awards in the future

contests.

A. Always Online

Shortest judge solution: 2670 bytes.

By contradiction, we can prove that for a connected undirected graph, each edge belongs to at most one
cycle if and only if there are at most two non-intersect paths between any two vertices. In addition, the
maximum flow problem and the minimum cut problem are equivalent, so we only need to consider how
to cut some edges with the lowest sum of capacity so that the source vertex s is not connected to the

sink vertex ¢.

Let’s take a look at the s-t cut problem. If there are at least two edges in one cycle that are cut, we could
figure out by adjusting that at most two of them should be cut, since there are at most two non-intersect
paths between s to t. In addition, if there are many cycles where some edges of each of them are cut, it
can be known by adjusting and contradiction that only the edges of at most one cycle of them should be

cut.

One observation is that if there is at least one edge in some cycle should be cut in the best solution of

the minimum cut problem, there must be two edges in that cycle need to be cut, one of which is the edge
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with the smallest capacity in that cycle. Hence, we can remove the edge with the smallest capacity in
each cycle and add its capacity to the other edges in the cycle, and the maximum flow between any two

vertices will not change in value.

The modified graph forms a tree. If we add edges to an empty graph in descending order of its capacity,
we can determine flow(s,t) = w (s € S,t € T) for the two sets of vertices S and T' that are firstly
connected after joining the edge of capacity w. Just maintain these sets of vertices by the disjoint set
union, count in each set the number of vertices whose bit in some fixed position are 1, and then it is easy

to calculate the answer by enumerating each bit. Time complexity is O(mlogn).

Note that flow(s,t) can be 2 - 10°, which means the answer may exceed 2%3.

B. Beautiful Now

Shortest judge solution: 158 bytes.

For each permutation of digits, the minimum number of swaps equals to n minus the number of disjoint
cycles in the permutation. We can solve the problem by enumerating all the n-permutations. That is,
for each permutation, we just check if it can be reached within k swaps (because swapping the same digit
is permitted) and then update the answer. Time complexity is expected to be O(n!) while algorithms
in time complexity O(n!n) may get a TLE verdict (but who knows?). In order to achieve the expected
time complexity, we may need to maintain some information about chains and cycles efficiently during

the process of searching and backtracking.

C. Call It What You Want

Shortest judge solution: 2019 bytes.

It is easy to prove that the constant term of ®,(z) is always equal to 1 except when n = 1. In addition,
Taylor expansion shows that In (1 + f(z)) is a formal power series over the integers if f(x) is a polynomial

over the integers with zero constant term. Therefore, a simple M&bius inversion may conclude that

n(1-2") = [ ]] ((—1)[”=11<1>d(x)) & In ((—1)[”:1]<I>n(:1;)) (] (1 - xd)“("/d)
dln dln
It is not difficult to conclude the degree of ®4(z) is equal to ¢(d). However, it is more important to observe
there are only two non-zero terms in each polynomial (1—2%). Just implement each convolution in modulo
2#(D+1 Jike dynamic programming of knapsack and the time complexity is O(3] din 2¢(y(d)) = O(25n)
since 2 x 3 X 5 x 7 x 11 x 13 = 30030, 30030 x 17 = 510510 > n.

This problem was inspired by improving convolution, however, we paid our efforts to reject most solutions

using fast convolution approach and not reject some brute-force-like solutions.

P.S. Be careful with negative coefficients.
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D. Daylight

Shortest judge solution: 4518 bytes.

Let the sets of vertices from which the distances to u and v do not exceed w as S, and S, respectively.
Assuming the distance from u to v is k, the intersection of S, and S, is equal to the set of vertices from
which the distance to the middle point of the path from u to v does not exceed w — % If we regard each
midpoint of an edge on the tree as a new vertex, the problem will reduce into some online queries of the

number of vertices from which the distance to a fixed vertex does not exceed a fixed value.

We call a vertex centroid if the maximal size of the subtrees of its children is the minimum when it
becomes the root of the tree. Let’s divide and conquer the tree. Every time we select the centroid as the
root, process all the paths passing through the centroid, and then deal with each component in recursion
after deleting the centroid, such that there is only O(n) space in each recursive level required for counting
the number of effective vertices from which the distances to the centroid of each component do not exceed

some fixed value and the number of distinct levels does not exceed [logy(n + 1)].

In fact, it is not necessary to add these (n — 1) new vertices. It is only necessary to discuss which vertex
is passed first from the midpoint of the edge to the centroid of the component when processing the query.

Time complexity is O(nlogn).

E. Everything Has Changed

Shortest judge solution: 709 bytes. Shortest judge Java solution: 771 bytes.

Note that the cutting areas do not intersect and the different cutting areas do not affect each other. Just
enumerate every cutting area intersecting the disk and then count the lengths of their circumferences

covered by each other.

F. Fireflies

Shortest judge solution: 2222 bytes.

Dilworth’s theorem shows the minimum number of chains that cover all the space is equal to the maximum
number of locations that cannot be reached by each other. Sperner’s theorem shows the maximum size
of the subset of the power set of S, where none of the sets is contained in another, is equal to (H 5)2 J)'
A generalization of Sperner’s theorem could show the answer to this problem is the number of locations

satisfying the sum of each coordinate is equal to M = |33 (p; +1)].

Therefore, we need to count the number of solutions for Y ! ; z; = M where z; € Z, 1 < z; < p;
(i = 1,2,---,n). By using the inclusion-exclusion principle, we know the answer equals to
d1cy (—1)Hl (M_I;;lielpi) where J = {1,2,--- ,n}. One observation is that the binomial coefficient
is a low-degree polynomial of ), _; p; so we can count the contribution of (Zielpi)e (e=0,1,---,n—1)

individually.

Page 3 of 12



2018 Chinese Multi-University Training Contest
Stage 5, BUAA Contest, Monday, August 6th, 2018

By wusing meet-in-the-middle approach, we can split J as X = {1,2,---,|n/2]} and
Y = {[n/2] +1,[n/2] + 2,--- ,n}, prepare some information about » , s p; and ), y p; individu-
ally, and finally obtain the cohesive contribution through binomial theorem and two-pointer approach.

The time complexity is O(2"/2n?).

G. Glad You Came

Shortest judge solution: 1139 bytes. Shortest judge Java solution: 1614 bytes.

If there are two operations covering the same interval, we can just keep the maximum one. For each
operation (I,7,v), let d be [logy(r — 4 1)], replace this operation by two operations (1,1 + 29 — 1,v)
and (r — 24 + 1,7, v). After that, the length of the interval that each operation covers is a power of 2,
which means the lengths are only O(logn) types. The remaining part is just to enumerate operations in
length decreasing order and split each operation into two operations of equal length until the length is

one. Time complexity is O(m + nlogn) and space complexity is O(nlogn).

H. Hills And Valleys

Shortest judge solution: 166/ bytes.

Enumerate [z, y| as the range of values in the flipped interval [I, 7] that have contribution to the answer,
and then find the longest subsequence of A of the form 0*1* - - a*y*(y — 1)* - - - 2*y*(y + 1)* - - - 9*, where

k* represents any non-negative times of repetitions of integer k.

I. Innocence

Shortest judge solution: 2851 bytes.

Let’s solve an easier version first. In this version, we are given N,{R;}, K and we have to choose N
integers x1,x2, -+ ,xn such that z; € [0,R;] (i = 1,2,---,N) and the bitwise exclusive-OR of them
equals to K. Applying dynamic programming on binary digits, we can classify all the situations by the
highest digit satisfying there is at least one integer x; that is strictly less than R; on the digit. How to
count the ways might be the difficult part. In fact, we already know that the lower part of digits of some
integer x; can be any form, so we can leave it first and determine it by equation after other integers are

determined.

Now turn back to the harder version. Let’s apply the inclusion-exclusion principle and try all 2V possible
states (i.e. positive case of x; € [0, R] and negative case of x; € [0, L — 1]). We can speed up the process
of dynamic programming by matrix exponentiation for each state. Furthermore, two states may have
the same effection from K if they have the same parity of positive cases (and negative cases), which
means we could reduce 2V possible states into only 2 kinds and optimize our solution. If we prepare
some information only concerning N, L, R and then apply dynamic programming for each K, the time

complexity for each test case will be O((M3log N + Q)log R), where M is the side length of matrices.
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Our standard solution sets M as 8 by the way.

J. Just So You Know

Shortest judge solution: 5085 bytes.

The process of guessing essentially constructs a decision tree, which is equivalent to make the Huffman

encoding for all substrings B of A.

Let’s take a look at the suffix tree of A, a dictionary tree consisting of all suffixes of A (with appending
a non-existent character $). It can be seen that the string formed by the path from each node to the
root is distinct to each other, and the number of occurrences of the string in A is equal to the number of
leaves in the subtree of that node. Since the tree has only n leaves, the tree has at most (n — 1) nodes
with at least two children. It is not a bad idea to merge the node that has only one child with its child,
and then the tree will remain only (2n — 1) nodes that is convenient to count how many substrings B
appeared in A some fixed times. This process can achieve linear time complexity by constructing a suffix
array and building a virtual tree (i.e. the compressed suffix tree), where building suffix arrays in linear

time may take advantage of induced sorting.

Let’s try to calculate the cost of building a Huffman tree of them in linear time, in which we need to
enumerate all possible B in ascending order of the number of occurrences. Denote ¢; as the number of
substrings in A that appeared ¢ times (i = 1,2,---,n), and we have > 1" | ic; = % If the number
of occurrences does not exceed n, we can enumerate the nodes appeared 7 times or the nodes appeared
i times and (7 + 1) times respectively, and then update the corresponding cg; or cg;+1. If the number of
occurrences exceeds n, then we know the number of such nodes does not exceed 7, so just using a queue
to maintain such nodes, merging the two nodes on the head of the queue, appending new nodes on the

tail of the queue can achieve linear complexity.

By the way, although the time complexity of our standard solution is O(n), we have tested and found

that some programs in time complexity O(nlogn) could pass all the test cases.

K. Kaleidoscope

Shortest judge solution: 1248 bytes.
The plane expansion is just a kidding. We don’t need it for solving.

This is a classic problem of Pélya enumeration theorem. By applying that, we can only focus on how
many ways to set colors for orbits meeting the conditions about the number of colored faces. For each
situation where every d faces have the same color, we could utilize dynamic programming to count f (i, )
as the number of ways such that the first ¢ colors have been selected to color j faces with meeting the
conditions individually and we only care about states satisfying d|j. In fact, for the rotation of rhombic
hexecontahedron, there are only 60 distinct equivalence classes which could be formed into 4 types of

symmetries. The time complexity is O(4 - 60?n).
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By the way, in order to make the division in modulo p only once, you may calculate the other parts in

modulo the divisor multiply p and be careful with 64-bit integer overflow.

L. Lost In The Echo

Shortest judge solution: 5116 bytes.

This problem is a bit complicated, so only a brief description of our solution will be given here. It should
be reminded that it is not helpful to find it on the OEIS website since it has not been solved on that; it
is also not helpful to find a paper concerning it because there are few papers to introduce it. However,

if you are interested in this problem, you may write a paper to discuss.

Let’s take a look at algebraic expressions that only contain plus and minus operators or only contain
multiply and divide operators, such as a — b+ ¢ and a/b * c. If we rewrite them as 0 + a — b + ¢ and
1% a/b* ¢, we can see that such expressions involving n variables have (2" — 1) distinct kinds, because

expressions like 0 —a — b — ¢ and 1/a/b/c are the only exceptions.

Let’s take a further look at algebraic expressions that only contain plus, multiply and divide operators
with brackets, such as a 4+ b/c and a * (b + ¢). If we divide items into several operation priority levels
such that each level concerns only the plus operator or only the multiply and divide operators, and
every adjacent two levels have no operators with the same type, we will be able to count the number
of distinct expressions. Denote f(n) as the number of expressions involving n variables such that the
last operation, if exists, is an addition, g(n) as the number of expressions involving n variables such
that the last operation, if exists, is a multiplication or a division. It is convenient for us to count the
labeled objects by the exponential generating function, so let’s define exponential generating functions
F(z) = > > f(ii)f", G(x) = X n>1 g(?}#, and we have F(z) = Zk>2 k' = G(z) = Zk>2 - Fk(m)
In the first equation, we enumerate the unordered combination of k subexpressions and then add some

plus operators among them. In the second equation, after we enumerate the unordered combination of &

subexpressions, we have (2¥ — 1) ways to add some multiply and divide operators among them.

k x X k x
Define that Ep(z) = Zk22FT(!)v Eop(z) = D kso 2F,g,) , Eg(x) = ZkzzGT(!)v and we know
F(x) = Eg(z), G(x) = Esp(x) — Ep(x). Con81der1ng the derivative of Er with respect to z, we

know Ep(z) = Yyn SO = (@) ey T = F'(2) (F(2) + Ep(x)), and thus for n > 2 we

have [z"|Ep(z) = + (Z? it F(x) - [ (F(x) + EF(x))>, which can be calculated by divide and

n

conquer with fast convolution in time complexity O(n log? n). However, lots of typical problems give the
function G(x) and require to calculate the function F(z) with the equation F’'(x) = G'(z)F (), which
are quite different with this problem. The unknown functions in this problem appear in both sides of
some convolution, so we need to arrange the order of convolutions appropriately for calculation, which is

left as a practice for the readers.

Let’s take a final look at algebraic expressions that contain plus, minus, multiply and divide operators
with brackets, such as a — b/(c — d) and a + b/(d — ¢). The influence of distribution property is of
great significance, for example, these two expressions mentioned above are equivalent. In fact, except

the expressions excluding any minus operator, we are always able to construct another expression with
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the opposite sign for each expression, for example, a + b + ¢/(d — e) corresponds to ¢/(e — d) — a — b.
Therefore, we can find out the answer by counting the number of expressions ignoring its sign or excluding

any minus operator respectively. If the sign is ignored but the minus operator is permitted, we have
2k—1Ggk 2k—1)G*
F(z) = Zkzz T(x)v G(z) = Zk22 (k#
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il N AE FE B T e P A e

o EHH: B, E

o BH: C,G H

o % A F, LK

o HX: D,J, L

T 1E A e R A H BRI
E= A B C D E F G H I J K L
Bid#E | 7 457 2 10 906 3 193 44 2 3 1 0
IRAZHE | 29 4513 32 163 3444 36 1720 234 7 88 10 25

R UUE BT 45 R 5 S braf R I Z R 2R K, AN LR w1 A tnfy, A4
BB R REAE AR I LE T P 3RAT B FR 22 96 A1 5 ) 4 T3

A. Always Online

Shortest judge solution: 2670 bytes.

HOIRAEE, BATATLAEY, X+ — gl em i, f&IA7E RS — Db 2 HACE R w8 1
AL R E L P 7oh, RKTAMRDEREO A, FATA FEGEH i 5> 5w R NI AR IR
s B ¢ AR,

& st BN, QORI EE 7B O, WEEREET A FIEE L MK, B s
Bt B2 AWFAAMLRELTXANI . BAN, RSP 7 — 22, W SRR AR A
A UARTE R 22—

—AMEGE, WERAER/NEIF — DR T 2K, AR EI TR, HEF %

HEEB/NMIL. B, AT DR RS PR R RN, SR HMILm EErEE,

4 B R R KR A B E AN R AEAR AL
LSBT AR AT R B R L s B IR AR, R DURTE T TR
B w E‘JLE%LLE‘J%’\@% S AT H flow(s,t) =w (s € S,t € T). FHIFEELET XL L, R
G RERA 2O I TR 1 B TR R IR ARE O(mlogn).

VEE flow(s,t) WTLLAF] 2109, XEMREZ R ARG 263,
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B. Beautiful Now

Shortest judge solution: 1584 bytes.

FE TR ES, LRI AR EE T n RE BirhIEIR R, B DT DU T A 1 n
PRI, X TR B, ARTEREEREAUME b KA SLEL (BT A B A A D
AR WENAERERZ O(n!), Oln) MEXRAT RN (WA REAERD . 7SIl E
2% 5 RT fe 5 SEAE A ZAN B ) A b s R AR P BRI IA (S R

C. Call It What You Want

Shortest judge solution: 2019 bytes.

SR, BT n=128 HARERT @,(z) MEHRIULRZ 1. thoh, REEIFRY], W f(z) 2
—MNEHICNERERBEZ0IA, B2 In(1+ f(z) 2 —MEREOEAFTHE . Hitk, f#i3isH Mobius
SE AN

In(1—2") =1In (H ((1)["11@d(x))) o In ((—1)[":1]<I>n(x)> —In (H (1 - xd)“("/d)>
dln dn

AR, O4(x) MmIRERE od). HEEEHEEFZIGNMZHA 1 - 29) REW
WAEE . KU E AR 2P OF & SCF U5 L A 3h 25 MR 3 36 B R AT i 3 i ) 2
O g 2°Dep(d)) = O(2%n), B9 2 x 3 x 5 x 7 x 11 x 13 = 30030 i 30030 x 17 = 510510 > n.

XA B B RURALE AR R, AN, AV ATRE b 17 K8 H 7 s S AU R, K
T BRI T A

P.S. A[REE/ N0 REUIALFE.

D. Daylight

Shortest judge solution: 4518 bytes.

HIEII N E] w Ao BEAGE w B4R S, TS, 4w Bl v MIBEEE K, WS, A1 S, HIZCHZE
w B v XFEEAR P AR w — & AR REHEA_L RS b S — AN e B AL
FEL ) ) 21— i B B AVEE R MR A

A0SR — A AR BRI & K TS B B /b, B4 08 A RO T E O o SR EAT
IR, BRUCEPER P OAE AR, ARBEFTAA L B AR, R A A B A 2 BT O S AN I
B, ZREE—ZE2LHEE O(n) KA RCFAEAE@E B b E B A N O AT EERA RO E, e
PEBAEIL [logy(n +1)].

SR b, BB (0 — 1) ASE R AR EER], B AL P A I D 8 ML R R A B34 S R ) E O
SR SO S S EITT . SR O(nlog n)-
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E. Everything Has Changed

Shortest judge solution: 709 bytes. Shortest judge Java solution: 771 bytes.

R VIR I AEE, WA FE DI XA A I . s a5 R B A S D)3 X, 55
AR5 A [ A A BT

F. Fireflies

Shortest judge solution: 2222 bytes.

Dilworth EH R, HR/MEE ST RS, WS EATEA ERRZHH. Sperner
EHEIR, HEIEE S PWREREN D TERMEFHPERAE - MESOEES —NMES P, WM T4
R (| ),)e Sperner SETRRI—FHE o L th A W RRROZ 5 LR LA AR 2 R T
M= L (p+1)| BB B DTSR KRS

B, RAITRENE Y o= M RRE, P 2 € 2,1 <o <ps (1= 1,2, ,n). AT
B, ARVEER S, (DM e, K g = (1,2, 0} EEFEAIAHEXT Y m
O E T, FTUAIRATAT A B 6T (e, 1) (6= 0,1, — 1) HITETR.

Ze i@, RO J R X ={1,2,---,|n/2]} MY = {|n/2] +1,|n/2| +2,--- ,n}, R
R TUIEXT S i B Yoy ps MO, SRR — 502 BRI £ 077 v 08 A 136 R A
DTk IXFEHIRI I AR 027/ 2n?).

G. Glad You Came

Shortest judge solution: 1139 bytes. Shortest judge Java solution: 1614 bytes.

AERAT AR A A B DX TE], JRATT AT AER B e R IRAS . X TR RIE (Lr,v), & d T
[logo(r — 1+ 1) |, FATATLLHBEANEAE (1,0 + 29 — 1,0) F1 (r — 29 + 1,r,0) BRI EE. XEMZ G,
FEAMRAE T S I X Ay 2 R, XEREKEMNE O(logn) fie FNRRAAERE, #HKEH
TIINTUE B A, AN RAE 2 O A S FE 3R, BRI Ry — o IXFRR IS 8] 52 2% B2
O(m +nlogn), FEEREN O(nlogn).

H. Hills And Valleys

Shortest judge solution: 1664 bytes.

W2 (o) FORBIEERI [1Lr] AR R TR T I AL, RERE A Rk %
01 -y (y — 1) 2y (y + 1) -9 BITRF], Fo ke For LI ke

l. Innocence

Shortest judge solution: 2851 bytes.
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PR TR 478 N, (R}, K, G2 OMEE N N 0,2, 2y KTRE
i€ [0, R (0= 1,2, ,N) BEAGHR R ES T K. 85 ERshA R, FAT7T DURYE 5
FO HL B4 T 0 S BB AT RS B AT 402K, K P N T A 1 b — AN oy 783K — (b
o Rpo HCRBRIUIGTTAE Y07 S8, it FA] DL R 5N M8 oy AR (8 T BAIUAT T
ff1, DR TAT DLSG AR B RO, 76 i H B 6 B s S 7 Rl e O R A

0SSR R, ) LURLFR 5 SR B AL 2V AL, B0 o € [0, R) Rt
HEBRHE 5 € [0, L — 1) BN BT/ B0 % . 6 TR0 AT UL, R0 TAT bl PR A bk e sl s e 0
FE, ERTLURIL K RS AR T LURSE AL 2 € [0, B] MOTSSUSCR A IR, Xk Ik
ITATLUKE 2N R AEAGIRA S 2 KA, TR (LR . IR FUMIEXT N, L, R MEhA ki B
B AT K M4, I AREELIRER R (65 45 7T BMEE] O((MP log N + Q) log B), XL M
RIS . 4R, R M R S,

J. Just So You Know

Shortest judge solution: 5085 bytes.
I RS A T ARR SR, WA T A BB TR B 3T R 2 40D

HEE A RSN, HIFTH A MRS O DAEAER TR $) AR5 iR, IR AR5 m
BRI BEAR TR B 75 B AR, TR FE I T4 8 AE A P B OB 39 s 7 B I
o HTFERW AT n AT, IR EZH (n - 1) KX AT M TN REE
M7 &0F, XFEBERAR AT (2n — 1) M A, BRITESHG 2078 B HMNE A F i3l
T2 AN RE AT DU R 5 SR AR R B (R4 ) Ja 280 B R E B, Kk
IS [ g 2 S SR T DA 5 SR

BLAE 3% 300 SRR I 18] P9 T SR e O B AR, BRAT 7 B4 IR BT R K BT AT RS B
4 o FoRTE A PIILT @ REITHEE (= 1,2, ,n), WH X" i = 20 g BRSO
i n, BATAT LM G I BB )y @ BT S, SR IMBRE B 0 R (i 4 1) BT, SRS A
R coi B i1 WIRHBLCEGRIEE n, MIXBET SR S8 2 A, 8 —NBAFISESRE 1 4
TR T B TR 5, TR s, BT R A

Ji — 4, EIRFRRE I (B E A2 O(n), HEEFFRTHIME,, —SrREERE O(nlogn) KIFE
Fr i@ 1 s A A o .

K. Kaleidoscope

Shortest judge solution: 1248 bytes.

SRR IT BRI ARER], fRiXTE AR EE.

Xfe—il Polya R Mm@l e )G, WNRTGEELERZ DM REERT N PUELEE
PRI OB R 2 IR X TR, 8 d DI E R e gie, AT LU s8R
SERIHT o MBI 5 ST L BOBCR RGN T R f(6,7), HFHRFRE dj BEdl. FLk, EE
SRR eRE R A 60 FOANRIREENZE, STy 4 SEheeft. IS m] LU E] O(4 - 60%n).
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Wi — 4, T EmRERL p BOCT M IRERVE, ARTT AR AR I 2R p SR DA SO 5, (2
TERE 64 A BRI RER Y -

L. Lost In The Echo

Shortest judge solution: 5116 bytes.

LL@H@ﬁEA;‘E%R%ﬁﬁgﬁ& TR, XA —iE OEIS 41, A OEIS
LA S IRIEEB S, XWAR B SCGE, FNEAERXNAHE, AEGE R E A LS — S
WSO H AT AL

% pe LU IIRAE B0 B UG TR B B IO RIE R, Bt o — b+ ¢ Al a/bx co TATATDUSHSHE N
O+a—b+cfM Ixa/bxc, FIATHPE L n MEERZXERERA 20 —-1) F, FARFEO0-a-b—c
il 1/a/b/c xHFR R TEBR .

2% & WA Inskbriz BAAAFE S 1IRER, Bl a+b/c Flax(b+c). FATTLLEHER 2 EIR, B—F
S0 A IESEAR, B R RGIEE A, It AR A RS 5, S RATT LA T4
e BRHBRINZBEAUND M — RV TRIEX, BAITFEUHEEGAN TRIEXW T REL X 2R
T, 4 f(n) FRIER n AR LRANE NS RIERE, g(n) BRWR n DB A RINE
FITIRIE AT R FIE TR . FE MO A PR BT DU T JRA 0 b 2 O AT 403 o SO A
REHF(2) = Y00 107, G(2) = Ypny W07 W Fz) = Ypes T2, Gla) = Ypsp T,
EE AR, RATHCE k AN TRIERNTFALE, EEMZAm Emzgs. 5 - A%th, &
T2 k AN FREKXKWEFASTEAH (28 — 1) Fhoridm L RpREH 5.

REEL Bp@) = Yoo Bpp(e) = Ypoo ZEO Eoa) = S0, S8, W0

2H F(:I;) = FEg(z), Gx) = Ey(z) — Ep(z). BExXT 2 KRS Ep, RATMIE
Ep(n) = Yy TOESE = Py, 58 = @) (F(@)+ Bp(@), BLHF n > 2
B [2"|Ep(x) = %(E?zllz[x’]F(:r)[x”_’] (F(;U)+EF(:B))) A LOE I 73 v ok R I s o A

O(nlog?n) WA THE . —SZMAHEAH Gz) Ml F/(z) = G'(2)F(z) FREMRITHE F(x )
KRR TAE . A8 H SRR EE S RN HESHAML, FESEZHRER RS
BETHE, XA EE N .

55 R RIS B A G 2 Rk, B o — b/(c—d) Rl a+0/(d — c)o BATEHFEES
ST RO, i ERFIAI T RSN, H b, BT ASRIE S RERZ I, T
(B —AFER, ROVEME A B2 B SHRMFER, Bl at+b+c/(d—e) W /(e —d) —a—b.
IR IRA G o 2 B ek R, AR A s S Rk N, A A R,
SRR SR VRIS, T F(2) = Ypss 2@, G(a) = Ypay 0@,
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