
40th Petrozavodsk Programming Camp, Winter 2021
Day 2: UPC Contest, Saturday, January 30, 2021

Problem G. Game on a Tree
Input file: standard input

Output file: standard output

Time limit: 5 seconds
Memory limit: 512 mebibytes

Some friends, numbered from 0 to 𝑚 − 1, are playing a game. There are cards of 𝑐 different colors, where colors
are numbered from 0 to 𝑐− 1. Each card of color 𝑖 has a fixed value 𝑝𝑖. At the beginning of the game, each player
chooses a certain amount of cards, without taking more than one card of the same color (though different friends
may choose cards of the same color). We define the score of a deck as the GCD (greatest common divisor) of the
values of its cards. Notice that an empty deck has a score of 0 points. The game will be played on an undirected
graph which is a tree consisting of 𝑛 nodes, numbered from 0 to 𝑛− 1. Each node 𝑣 contains a card with color 𝑐𝑣,
and different nodes may have cards of the same color.

The game has 𝑚 rounds. In round 𝑖, the 𝑖-th friend gets to play. First, he chooses two different vertices 𝑣 and 𝑢.
Then, for each node 𝑣𝑖 on the path from 𝑣 to 𝑢 (including 𝑣 and 𝑢), each player (including himself) draws a card
of color 𝑐𝑣𝑖 . If they already had a card of color 𝑐𝑣𝑖 , they will discard both cards. After doing this, player 𝑖 gets as
many points as the sum of the points of each player’s deck (including himself). Finally, he chooses a node of the
graph and draws a new card from the pile. Then he changes the node’s card for the card he has just drawn (and
discards the old card), ending his round.

Given the information of each round, print how many points each friend will have at the end of the game modulo
109 + 7.

Input

The first line contains three integers 𝑚, 𝑐, 𝑛 (2 ≤ 𝑛,𝑚 ≤ 105; 1 ≤ 𝑐 ≤ 20): the number of friends (and hence,
rounds), the number of different colors of the cards, and the number of nodes the tree will have.

The second line contains 𝑐 integers 𝑝0, 𝑝1, . . . , 𝑝𝑐−1 (0 ≤ 𝑝𝑖 ≤ 109), where 𝑝𝑖 is the value of a card of color 𝑖.

Each of the next 𝑚 lines starts with an integer 𝑥 (0 ≤ 𝑥 ≤ 𝑐), the number of cards the 𝑖-th player starts with. It
is followed by 𝑥 integers 𝑦0, 𝑦1, . . . , 𝑦𝑥−1 (0 ≤ 𝑦𝑖 < 𝑐): the colors of all the player’s cards.

The next line contains 𝑛 integers 𝑐0, 𝑐1, . . . , 𝑐𝑛−1 (0 ≤ 𝑐𝑖 < 𝑐), the color of the card in each node of the graph.

Then 𝑛 − 1 lines follow, each one containing two integers 𝑢 and 𝑣 (0 ≤ 𝑢, 𝑣 < 𝑛), meaning that there is an edge
between nodes 𝑢 and 𝑣. It is guaranteed that these edges form a tree.

Finally, each of the last 𝑚 lines has four integers 𝑢, 𝑣, 𝑤, 𝑦 (0 ≤ 𝑢, 𝑣, 𝑤 < 𝑛; 𝑢 ̸= 𝑣; 0 ≤ 𝑦 < 𝑐) that encode the
information about each of the 𝑚 rounds: the two chosen nodes (𝑢 and 𝑣) and the node 𝑤 that will have its card
changed for one with color 𝑦.

Output

Print one line with 𝑚 integers: points0, points1, . . . , points𝑚−1, where points𝑖 is the number of points the 𝑖-th friend
ends up with, modulo 109 + 7.
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Examples

standard input standard output

3 4 7

0 2 3 6

2 1 2

3 0 2 3

2 0 1

2 1 2 3 0 1 1

0 1

2 0

3 0

1 4

6 4

4 5

5 2 4 1

6 1 1 2

4 2 0 3

6 4 9

7 4 8

28 49 88 49

1 1

3 2 0 3

0

1 3

0

0

1 0

2 2 2 2 3 0 1 2

0 2

0 3

2 6

0 4

3 7

7 1

2 5

1 4 4 1

3 6 4 2

7 6 4 2

6 2 2 2

4 2 7 0

2 3 5 3

5 1 4 1

207 13 121 253 13 253 106
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