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-
Judges’ Anticipation

@ Very easy: C

@ Easy: E, |,K

@ Medium easy: A, D, G, J
@ Medium hard: B, F

@ Hard: H
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|
A. Abstract Algebra

Tags
Linear algebra, Constructive algorithm

Solutions
@ lfc=0,wehavea=d=10ora=d=—1.

°[1 b]:Ab, [—1 b
0 1 0 -1
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|
A. Abstract Algebra (Cont.)

Solutions
b d
@ a = 0 then 0 —p1|°
c d_ 0 —b
0| —d
e b=0then |* °| = B! Bl
C d_ 0 —a
bl [-b
o d=0then | 7| = “ B!
c 0_ 0 ¢

First Solved: Runtian Zhu, 1:14(+)
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I
B. Bracelet

Tags
Brute force, Strings

Solutions
@ Only three cases:
@ i=m
@ iis a substring of n
o The suffix of ¢ and the prefix of i + 1 form n

@ We can enumerate directly due to n have at most 18 numbers

First Solved: Yunfan Li, 1:40(+5)
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N
C. Countdown

Tags
Date

Solutions
@ 189

@ Using excel, python or fingers can quickly get the answer

First Solved: Xiaobo Guo, 0:03(+)
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——
D. Divide

Tags
Math

Solutions
@a-(a+1l)---b|lc-(c+1)---de (c—1!-bl| (a—1)ld!
@ Define F,(z) = y for prime p that p¥ | = but p#*! Jz
@ a | biff. Vp, F,(a) < F,(b) which p is a prime

@ We can first get the prime within 107, then calculate the F,(z!) to get the answer

First Solved: Liang Bao, 1:11(+)
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|
E. Edge Game

Tags
Data structure, DFS

Solutions
@ Win or lose only depends on the parity of the distance between the two nodes.

@ Use LCA to get the distance of the path.

@ The easier solution is coloring the nodes to make the adjacent nodes have different
colors, then judge parity of the distance through the color of two nodes.

First Solved: Yunfan Li, 0:17(+)
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F. Function-Cuber

Tags
Math, Interactive

Solutions
@ Ask a query (z,x + 1), we will get the value of s + a;—1 — ay + az41 — az+2 — 1. Thus
we get the value of ay_1 — ay + az41 — agto

@ Ask a query (z,z + 2), we will get the value of s + a1 — a,+3. Thus we get the value

of Az—1 — Qz+3
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|
F. Function-Cuber (Cont.)

Solutions
@ Without loss of generality, lets say ag = a,11 =0
@ Ask queries like (x,z + 2) where z = 1,5,9,--- = 4k + 1. Since we know ag, we can

get the value of a4. Then ag, a12, - - - a4y, also can be determined
@ As we also know a;, so use similar method we determined the value of all a4+1

@ After that, we can notice for every 4 consistent elements
Ay, z11, 0242, 0z+3(1 <z < n — 3), there are at least 2 elements which has been
determined. So we ask (z + 1,z + 2) to get the sum or difference of the rest unknown
elements(that is a equation). Ask such queries several times to do elimination until
we use a single unknown quantity to represent all other unknown number
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|
F. Function-Cuber (Cont.)

Solutions

@ Finally, we set up the equation f(a) = Z?:_ll a;a;11 = s to get the value of the only
unknown quantity (may use the formula of quadratic equation)

@ Time complexity is O(n). We can use less than n + 5 queries

First Solved: Chaoyang Wang, 3:16(+20)

East China Normal University 2021 ECNU Campus Invitational Contest April 10, 2021 14/24



|
G. Group QQ Speed

Tags
Constructive algorithm, Math

Solutions

@ If everyone is in the same group, we have to have n + 1 maps due to everyone can
ban different maps

@ Otherwise, we need at most 3 maps

@ But if only one person in each group, we just need 2 maps

First Solved: Yigiang Lv, 0:17(+1)
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]
H. Histogram in 3D

Tags
Data structure, Divide and conquer, Convex hull, Two pointers

Solutions
o Let .CC(Z,]) = min(xia to ,I']) and y(%]) = Hlil’l(yi, e 7:'-/])
@ We want to find the (4, j) which maximises x(i,j) - y(,7) - (j — i+ 1)

@ We use divide-and-conquer approach to solve this case
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-
H. Histogram in 3D (Cont.)

Solutions

@ For each turn, we need calculate the interval (i, j) that ¢ € [I, mid] and r € (mid, r]
@ We should consider four cases:

1 x(l,7r) = z(l,mid) and y(I,r) = y(I, mid)
2 x(l,r) = x(l,mid) and y(I,r) = y(mid + 1,r)
3 z(l,r) = x(mid+ 1,7) and y(I,r) = y(I, mid)
4 a(l,r) =

T mid+ 1,7) and y(I,r) = y(mid + 1,7)
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-
H. Histogram in 3D (Cont.)

Solutions
@ First and forth cases are simple

@ Infirst case, z(l,r) = z(I,mid) and y(l,r) = y(I,mid) = z(mid + 1,7) > z(l,mid)
and y(mid + 1,7) > y(I, mid)
@ Then we can use the two pointers method to solve

@ Forth case is similar to the first case
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-
H. Histogram in 3D (Cont.)

Solutions
@ In second case, z(l,r) = z(l,mid) and
y(l,r) =y(mid+ 1,7) = x(mid + 1,r) > z(I,mid) and y(mid + 1,7) < y(I, mid)
@ We have z(I,mid) - y(mid+ 1,7) - (r —1+1) =
(x(l,mid) - (=l + 1), z(l,mid)) - (y(mid + 1,7),y(mid + 1,7) - r)
@ (z(l,mid) - (=l +1),z(l,mid)) only depends on [, and (y(mid + 1,r),y(mid+ 1,7) - r)
only depends on r

East China Normal University 2021 ECNU Campus Invitational Contest April 10, 2021 19/24



-
H. Histogram in 3D (Cont.)

Solutions
@ For a fixed [, we want to find r that maximises the dot product

@ We can see the point (z(l, mid) - (=1 + 1), z(l, mid)) move counterclockwise as [
increases, so the optimal point on the hull will also move counterclockwise

@ We can sort the point by the first coordinate and build a segment tree that has the
convex hull of the corresponding points in each node

@ Then we can keep the last query’s optimal point to make the answering in linear
complexity

First Solved: N/A
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I
l. | Love You

Tags
Strings

Solutions
@ If we can change s to t by removing some substrings,
it means t is a subsequence of ¢

First Solved: Siyang Weng, 0:03(+)
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N
J. Just the Chosen One

Tags
Probability
Solutions
® When k > m, the answeris (1 + 737 +..- + 2)-m
@ When k < m, the answeris (m — k) + (L + o +... +1).m

@ Since n can be very large, you can use >, 1 7 ~ Inn to estimate the value of %
More specifically, you can directly calculate ZZ‘ 1 Lifn <107, and if n > 107, you can
assume that the answer is Inn — In 107 + _°

7,11

First Solved: Yuanqging Chen, 03:37(+5)
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I
K. K-Primes

Tags
Math

Solutions
@ Every even number is not a prime, except 2

@ If i # 2then [I,] + 2k) have at most k primes

@ If i = 2then [I,] + 2k) have at most k primes except {2, 3}, {2,3,4,5} and
{2,3,4,5,6,7}

First Solved: Chenkai Wang, 0:03(+)
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End

Thanks for attention!
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