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Abstract—Connect Four is a well-studied two-player game for
fixed board sizes, however, the complexity of the generalized game
is still open. Here, we look at a variant of Connect Four that
allows for row shifting. Shift-Tac-Toe is a two-player game similar
to Connect Four with the goal of getting 3-in-a-row to win. What
makes the game unique is that each row is connected and can be
shifted left or right, which causes pieces to fall into a neighboring
column or to be removed from the board. Here, we show that the
standard 3× 3 game is a first player win and provide a perfect
game-tree AI, and then we look at a generalized version of the
game. We show that as a one-player puzzle, knowing whether n-
in-a-row can be achieved with only shift moves is NP-complete.
We also provide an implementation of the game allowing for
arbitrary board size, shift size, and number of players.

Index Terms—connect 4, shift-tac-toe, board game, game
complexity, algorithmic game theory, puzzle mechanics

I. INTRODUCTION

Shift-Tac-Toe is a game played between two players where

the goal is to get three pieces in a row [20]1 . Although the

name implies a variant of Tic-Tac-Toe (Noughts & Crosses),

the game is actually a variation of Connect Four [7]. What

makes the game unique is that players can either place a piece

or they can shift a row left or right. When a row is shifted,

pieces either fall in the new column, or are removed from the

game (See Figure 2a). Thus, unlike Connect Four, the game

is unbounded (or loopy), so play could last indefinitely.

The standard Connect Four game (7× 6 board) was solved

in 1988 by both Allen [1] and Allis [2] and proven to be a first

player win. Several other board sizes have been investigated

as well [25], [26]. Looking at the complexity of a generalized

version, any game is within PSPACE since the number of

moves and the board is bounded. However, little else has been

proven. Given a board configuration of pieces, it is known to

be NP-hard to determine if that is a legal configuration, i.e.,

whether the configuration can be reached through standard

play [27]. In [14], they show how Connect Four positions

can be encoded in Quantified Boolean Formulas, and it was

shown that infinite cylindrical Connect Four is a draw [30]–

[32], but there has been no significant progress on the general
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1Although no longer sold, there are files to 3D print one [3].

complexity. Several other variants of Connect Four and Tic-

Tac-Toe have been explored, but none have investigated this

variant or a row shifting mechanic.

Sliding Tile Mechanics. The concept of shifting or sliding

tiles in a puzzle is one of the oldest puzzle mechanics, and

related to many geometric games and models of computation.

Many games employing a three-match style of play, such as

Bejeweled [13] and Candy Crush [17], have been around for

decades. This style of game is also hard from a complexity

standpoint [15]. However, there seem to be few related games

that have allowed row shifting in this capacity, with a notable

one being Yoshi’s Cookie [24], although the shifting wrapped

the tiles around rather than removing them.

The game is also tangentially related to the tilt model of

self-assembly and robot motion planning, which has several

variations with the two most-studied being the full-tilt [4] and

single-step [5] models. The tilt model gets its name from the

classic Labyrinth tilting marble mazes [8]. Shift-Tac-Toe can

be viewed as full-tilt in one direction (south) and single-step

in any east/west movement along the rows. These mechanics

are the basis of several board games such as Ricochet Robots

[22], Lunar Lockout [33], TILT [23], and several video/mobile

games such as Atomix [18], Mega Maze [19], Jelly No Puzzle

[21], Snakebird [12], and Tomb of the Mask [16]. These types

of puzzles even appear in Pokémon levels as the character

sliding on ice to reach a destination. Knowing whether a

single block can reach a destination space is known to be

hard (PSPACE-complete) in both models [4], [9], and is hard

(NP-complete) in the single-step model even without obstacles

[10].

Algorithmic Game Theory. AGT is motivated by under-

standing how difficult a game, or some aspect of it, is

from a theoretical standpoint. This often has very real-world

consequences to the mechanics that might be incorporated into

the game itself. Certain items or skills are often updated in a

game to balance unforeseen advantages, techniques, or hacks

that they allow in a game. With complexity results focused on

a specific mechanic, the inherent difficulty can often be better

incorporated as part of the world to offer more strategy-based

play. An example of this is the incorporation of moving block

puzzles into the landscape of games such as Pokémon and

Zelda, mazes and one-directional doors or warps in open world

games, or code deciphering through gathered logic clues. Each979-8-3503-5067-8/24/$31.00 ©2024 IEEE
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