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How to Play Nurikabe
A Nurikabe puzzle and its solution:
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The Goal:
Shade the cells to form connected white
regions called “islands”.
The Rules:

I. Don’t shade in numbered cells.
II. Each island contains exactly one

number, its size.
III. No 2-by-2 blocks of shaded cells.
IV. All shaded cells are connected.

The Decision Problem
Nurikabe puzzles seem hard to solve. We
characterize the decision problem for
Nurikabe:

Given a Nurikabe puzzle, does a
solution exist?

P: decision problems we can answer in
reasonable (polynomial) time
NP: decision problems whose solution we
can verify in reasonable (polynomial) time

Nurikabe ∈ NP? → Yes.
Nurikabe ∈ P? → We don’t know!

A problem is NP-hard if any other problem
in NP can be reduced to it. A problem is
NP-complete if it is in NP and is NP-hard.

Theorem: Nurikabe is NP-hard
1. Any problem in NP can be reduced to

Boolean circuits.
2. Boolean circuits can be reduced to

Nurikabe.

Proof By Construction
As a Boolean circuit consists of distinct
components, so too will our Nurikabe
puzzles be divided into separate parts. We
refer to each part or component as a tile.
Nurikabe puzzles initially have no shaded
cells. For illustrative purposes, in some
figures we shade those cells whose shading
is easily and immediately determined.

Wire Construction
All of our circuits will be constructed on a
simple tiling of 4 by 4 cells consistent with
the rules of Nurikabe.
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The wire tile has one of two possible states.
If the x cells are shaded, we say the state is
false. If the x’ cells are shaded, we say the
state is true. We can string these tiles
together to propagate this truth assignment.
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Assigning Values
A Boolean circuit is satisfiable if and only if
our Nurikabe puzzle has a solution.
To ensure this, we fix the final output wire to
true. The input wires may take on values,
and if we find any shading for them that
results in a solution, this will correspond to a
satisfying truth assignment for our circuit.

Splitting Wires
We’d like to split our wires to allow the
output of one component to form the input
for multiple components.
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We’ll call this our branch/NOT tile.

Branch and NOT Gates
If we cap the left wire of the branch/NOT
tile, we are left with just a NOT gate. If we
instead compose the branch/NOT tile with a
NOT gate, we get a branch gate.
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Note that we can bend our wires to align
them correctly with neighboring tiles.

The OR gate
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The OR gate takes two inputs and yields a
truth assignment of false, if and only if both
inputs were false. We can compose the OR
gate with NOT gates to construct all
combinations of AND, NAND, and NOR
gates.

An Example Construction
A satisfying assignment can be found for the
Boolean expression

x⊕ y = (x ∨ y) ∧ ¬(x ∧ y)

if and only if the following Nurikabe puzzle
has a solution.
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Important Details
Our circuit lies in a plane, so we need to
either describe explicitly how wires should
cross without interacting or show that wire
crossing aren’t necessary. As it turns out, we
already have sufficient componentry to
build a wire crossing.

X Y

X

Y
We can use 3 branch and 4 NAND gates to
construct an XOR gate, which proves useful.

X

XY

Y

We can then use 3 branch and 3 XOR gates
to allow two wires to cross.
Another concern of ours is that we may
violate Nurikabe rule IV. Consider the
following circuit:

x true

There is no solution, since assigning false to
the input wires results in a disjoint area of
shaded cells between them. We require a
length of wire to include two not gates. We
revise the circuit:

x true

Other puzzles shown to be NP-complete
include Minesweeper, Paint By
Numbers/Nonogram, Pearls, Spiral
Galaxies, and Clickomania.
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