
Problem C

Big And

Time limit: 3 seconds

You are building a boolean circuit and need to compute the logical AND of a collection of source signals.
The problem is that you only have access to a collection of identical AND gates that take two boolean inputs
(i.e. True or False) and outputs a single boolean value that is True if and only if both inputs were True.

Recalling your digital design course, you remember you can connect some of these AND gates together (by
connecting the outputs of some to the inputs of others) to build a circuit that has one input for each source
signal you need to consider and a single output that is True if and only if every source signal is True.
More precisely, you should build a circuit satisfying the following properties.

• There are precisely N → 1 AND gates in the circuit where N is the number of source signals.

• Every source signal will be connected to the input of precisely one AND gate.

• Every input to an AND gate in the circuit is connected to precisely one signal, which will either be one
of the source signals or will be the output signal of another AND gate.

• There will be no “cycle” of signals: the signal output from one AND gate will never reach one of its
own input wires.

Finally, the output of your circuit will be connected to an LED which will be used to indicate if this signal
is True or False. So the LED will illuminate if and only if all source signals are True.

You want to do this in a way that minimizes the worst-case delay for the output signal to change if the source
of one of the input signals changes. You know the following:

• If the source signal i changes its value then it takes exactly ni nanoseconds for this change to reach
your circuit.

• For any AND gate, after an input signal changes it takes exactly D nanoseconds for the output signal
to change (if the new inputs would cause the output to change).

• It takes exactly L nanoseconds for the LED to change when the signal it receives changes.

• Since the components of your circuit will be placed so close together, the time it takes for a signal to
propagate from the output of one of your AND gates to another component of the circuit is negligible
and will be regarded as 0 nanoseconds.

Help design a circuit to minimize the maximum time between when one of the sources signal changes to
when the LED changes (if indeed the new input would cause the LED to change).

Input

The first line of input contains three integers N (2 ↑ N ↑ 4 · 105), D and L (1 ↑ D,L ↑ 109) where
N is the number of source signals and D,L are as in the problem description. The second line contains N
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Figure C.1: Illustration of an optimal circuit for each of the sample inputs. The numbers on the left indicate
the index of the source signal.

integers n1, n2, . . . nN (1 ↑ ni ↑ 109) where ni indicates the number of nanoseconds it takes for a change
source i’s signal to reach your circuit.

Output

Output the smallest time T such that it is possible to build a circuit ensuring it takes at most T nanoseconds
for the LED to change if one of the source’s signal changes in a way that would cause the LED to change.

Sample Input 1 Sample Output 1

3 3 5
3 8 1

16

Sample Input 2 Sample Output 2

5 5 10
5 8 3 3 3

28
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