
Problem K: King of the Hill 21

K King of the Hill

Raising the flag, Linglie Hill, Selkirk.

CC BY-SA 2.0 by Jim Barton on

Wikimedia Commons

The king of Belle Aire People’s Country has come up with a

new plan: he has heard about the popular phenomenon called

“King of the Hill”, and he would like to become one as well. To

do so, he has ordered you to raise a flag on the highest hill in his

square kingdom, which has dimensions n × n. You are given a

very expensive (it is gold- and jewel-embedded) satellite-based

height-measuring system. This equipment is highly accurate:

the heights on every location in the kingdom are represented

with distinct integers. However, to cut costs, you are only

allowed to take 10n + 100 measurements before reporting back

to the king.

Furthermore, you know for certain that there is only a single point that is the absolute highest:

this is the only point for which its height is larger than the (up to) four orthogonally adjacent

points that lie inside the kingdom. In other words, there are no local maxima besides the

global maximum.

Interaction

This is an interactive problem. Your submission will be run against an interactor, which

reads from the standard output of your submission and writes to the standard input of your

submission. This interaction needs to follow a specific protocol:

The interactor first sends one line with an integer n (1 ≤ n ≤ 10 000), the width and height

of the kingdom.

Then, your program should make at most 10n + 100 queries to find the highest point in the

kingdom. Each query is made by printing one line of the form “? x y” (1 ≤ x, y ≤ n). The

interactor will respond with an integer v (1 ≤ v ≤ 109), indicating the height at coordinate

(x, y).

When you have determined the height of the highest point in the kingdom v, print one line

of the form “! v”, after which the interaction will stop. Printing the answer does not count

as a query.

The interactor is not adaptive: the heights in the kingdom are fixed up front, and do not

depend on your queries.

Make sure you flush the buffer after each write.

A testing tool is provided to help you develop your solution.

Using more than 10n + 100 queries will result in a wrong answer.

https://commons.wikimedia.org/w/index.php?curid=125687378
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