
Sliding Number Puzzle 
This is a game you play with a grid with numbered blocks. One of the cells is empty, so 

that neighboring blocks can slide to it. The goal of the game is to line up the numbers 

left-to-right and top-to-bottom. The following picture shows a 4x4 grid with numbers 1 

thru 15. 

 

 
 

We will write a program that implements a 3x3 grid containing numbers 1 thru 8. 

Explore the game: 
If you want to play with my final program to get a feel for this game, click the link 

given at the end of the article. Try not to peek at the scripts yet, since we want to 

design them ourselves below. (Note: All intermediate versions of the program 

mentioned in the article below are available at this link.) 

8-slider-puzzle.zip


 
 

How to play the game: 
1. Click on the “Green flag”: everything is reset to the original state. 

2. Click "Shuffle" to get a shuffled state, i.e. the numbers won't be in order. 

3. Click any neighboring cell (of the blank square) to swap its position with the 

blank square. Solve the puzzle by arranging number 1 thru 8 in order. 

4. Or, ask the program to solve the puzzle any time by clicking "solve". 

 

Scratch and CS Concepts Used 
When we design this program, we will make use of the following Scratch and CS 

concepts. Learn these concepts if you don't know them before proceeding further. 

Main concepts: 
- Algorithms 

- Arithmetic operators – advanced (abs) 

- Boolean operators (and, or, not) 

- Clones 

- Conditions: YES/NO questions 

- Conditionals (If-Else) 

- Conditionals (IF) 

- Costumes 



- Data structures – list  

- Events 

- Looping - simple (repeat, forever) 

- Looping - nested 

- Procedures 

- Procedures with inputs 

- Random numbers 

- Relational operators (==, <, >, !=, <=, >=) 

- Sequence 

- Synchronization using broadcasting 

- User events (keyboard) 

- User events (mouse) 

- User input (buttons) 

- User input validation 

- Variables - numbers 

- Variables - strings 

- Variables - properties (built-in) 

- Variables - local/global scope 

- XY Geometry 

 

Initial Version 
In the initial version of the program, we will work on the following feature ideas: 

 

- Draw a 3x3 table: 

o Each cell should be numbered 1 thru 8 with the last one being blank. 

o Make each cell interactive, i.e. it should respond to the click event. 

o Keep track of the arrangement of numbers. 

- When a cell is clicked is should swap places with the blank square. 

Feature Idea # 1: Square grid 
Set up a 3x3 square grid showing 9 blank cells. 

Design:  
We will start with the program Matrix-2.sb2 (from the book "Practice CS Concepts 

with Scratch"). This program allows drawing a square grid (of blank squares) of any 



size. It uses clones to represent each cell. We will adapt (simplify) this program for a 

3x3 table. Remove all unnecessary code and variables. 

 

Solution: 8-slider-puzzle-0.5.sb2 

Feature Idea # 2: Numbered square grid 
Set up a 3x3 square grid showing all the numbered cells. 

Design:  
Since we are using clones of a single sprite to show all 9 squares, we will use costumes 

to show numbers 1 thru 8 (plus one for the blank square). Costumes 1 thru 8 will 

actually show numbers 1 thru 8. Costume 9 will show a blank square. To ensure each 

clone remembers its id (i.e. the value 1 thru 9, 9 being for the blank), we will use a 

private variable called “cell”. During clone creation, the id will be saved in this own 

variable. 

 

Solution: 8-slider-puzzle-0.6.sb2 

Feature Idea # 3: Swap cells on click 
When a cell is clicked it should swap places with the blank square. 

Design:  
Swapping the clicked cell with the blank cell will basically require the (x, y) location of 

each of them. We could ask the blank cell to save its (x, y) in a pair of global variables, 

blankX and blankY, and the clicked cell would know its own (x, y). 

 

For swapping two cells we can use the following algorithm: 

When clicked: 

1. Record x, y coordinates of clicked cell (in a pair of global variables) 

2. Ask blank cell to record its x, y coordinates (in a pair of global variables) 

3. Ask the blank cell to move to clicked cell’s (x, y) 

4. Move clicked cell to blank cell’s (x, y) 

 

Step 2 & 3: 

Broadcast will be received by all clones. The clone whose cell id is 9 (blank square), will 

react.  

 



Solution: 8-slider-puzzle-1.sb2 

Final Set of Features/ideas: 
- When clicked check if clicked cell is valid (i.e. suitable for the purpose of 

sliding). 

- Provide the feature to shuffle the cells to start a new game. 

- Include the advanced feature of "auto" mode in which the program can solve 

the puzzle. 

Feature Idea # 4: Check if neighbor of blank cell 
In the real game, the player is allowed to click only on the immediate neighbors (except those 

placed diagonally) of the blank square. Figure out a way to check if the given cell is a neighbor 

or not. 

Design:  
We will need to identify the 4 (max) neighbors of the blank square. The cells crossed 

below are the neighbors: 

   
 

The key to deciding whether a cell is a neighbor or not is checking its distance from the 

blank cell in both X and Y directions. Here is the algorithm to check if the given cell is a 

neighbor of the blank cell: 

Algorithm: 

Given:  

Coordinates of the cell: (X, Y)   

Coordinates of the blank cell: (blankX, blankY) global variables 

Distance between adjacent cells: cellSize (constant) 

 



High level algorithm IsANeighbor: 

Ensure either X equals blankX or Y equals blankY. 

Ensure the gap between X and blankX or between Y and blankY equals cellSize. 

 

Pseudo-code: 
If (X = blankX) OR (Y = blankY)  

 If (ABS(X – blankX) = 106) OR (ABS(Y – blankY) = 106) 

  Return TRUE 

 Endif 

Endif 

Return FALSE 

 

Solution: 8-slider-puzzle-1.4.sb2 

Feature Idea # 5: Move valid cell 
When clicked move the cell only if it is valid, i.e. one of the neighbors of the blank cell. 

Design:  
This basically checks if the clicked cell is one of the neighbors of the blank cell. 

The clicked cell will call the “IsANeighbor” algorithm designed above which will 

return TRUE or FALSE. 

 

Solution: 8-slider-puzzle-1.5.sb2 

Feature Idea # 6: Placement of cells 
The real puzzle requires us to have a shuffled state. Shuffle the cells. 

Design:  
The actual puzzle requires a shuffled initial state. There are two ways to do this. One is 

to do random placement of the numbers. But it has been shown (source: Wikipedia) 

that not all initial number arrangements of this puzzle are solvable. So, we will use the 

second approach, in which we will initially present the solved puzzle in which 

numbers 1 thru 8 appear in order followed by the blank cell. We will then shuffle the 

numbers by picking cells randomly and actually sliding them. This way, it is 

guaranteed that the shuffled arrangement does have a solution. 

 

It would be best to pick one of the “neighbor” cells of the blank cell because only 

neighbor cells can be moved. But, we don’t know which cells are the neighbors. So, as a 



first step we will need to continuously track the neighbors of the blank cell. We will 

use a list variable for this purpose. 

 

Step 1: Find neighbors of the blank cell and save them in a list. 

Design: 
One challenge with clones is that every broadcast message is received by every clone. 

So if a message is not intended for all clones, we must have a way to restrict its 

processing. This is easily accomplished thru the “cell id” which is unique for each 

clone. 

 

The task of listing neighbors of the blank cell is best given to the parent of all clones. 

The parent’s id is 0. The following algorithm does the job of listing all neighbors: 

 

Algorithm FindNeighbors: 
Given: blank list “neighbors” 

I = 1 

Repeat 8 

 Ask Clone “I” to check if it’s a neighbor using “IsANeighbor” 

 If YES 

  Add I to list “neighbors” 

 Endif  

 I = I + 1 

End-repeat 

 

At the end of this procedure, we will have a list of the neighbors of the blank cell. This 

procedure should be called every time the blank cell moves. 

 

Solution: 8-slider-puzzle-1.6.sb2 

 

Step 2: Create a new block for cell move. 

Design: 
The actions taken for swapping a clicked cell are identical to what we need to a 

“simulated click”, that is the move initiated by our shuffling procedure. To avoid 

duplication of code, we will create a new procedure (Scratch block) called “MoveCell”. 

 

Instead of creating a new block we could have also used a broadcast script for this 

common code. Converting the script into a procedure (new block) has this advantage: 



the broadcast script, since it runs on an event (broadcast message) would be run by all 

clones, whereas the new procedure would only be run by the calling clone. 

 

Solution: 8-slider-puzzle-1.7.sb2 

 

Step 3: Shuffle the cells. 

Design: 

Algorithm to shuffle: 

We will simulate clicks on randomly picked neighbor cells for a large number of times. 

 
Repeat 100 

pseudoClick = pick at random one of the neighbor cells 

Ask this cell to move using the “MoveCell” procedure 

End-repeat 

Feature Idea # 7: The "auto" mode 
Can your program solve the puzzle? 

 

Step 1: Include a "Solve" button clicking which will make the program to solve the puzzle. 

Design:  
So far, we expect the user to do all the clicking and solve the puzzle. It would be nice to 

include a "solve" button that will make the program solve the puzzle. 

 

This sounds daunting but is really quite straightforward. Remember that we start the 

puzzle in a "solved" state and then through "shuffle" we ruin its order. If we save all 

the moves made by "shuffle" we just need to unroll those steps in the reverse order and 

we will get the solution! To this main idea we will need to include a few minor tweaks 

to make it robust. See below the algorithmic outline of the auto feature: 
 

The "auto" mode: 

1. Save all moves during "shuffle". Save in list "solution". 
2. When user clicks "solve":  

- Unwind this "solution" list bottom-up. Simulate a click 

for each move just like we do in "shuffle". 

- Empty "solution" list. 

3. What if user plays manually: 



- Add these moves to "solution". 

 

There is a small optimization we can make to this idea. If you inspect the "solution" list 

created by "shuffle" sometimes the list has meaningless moves (because it uses random 

operator which is very intelligent at all). See the example below which shows a subset 

of this list. 

 
5 

6 

6 

5 

7 

8 

8 

 

Each item in the list indicates which cell was moved. Now, moves 2 and 3 are 

meaningless because a single piece was moved back and forth. Same thing with moves 

6 and 7.  

 

Such "null" moves should ideally be deleted from the list, right? In fact, this 

"optimization" may need to be done repeatedly, because, as in the example above, after 

the 1st pass the list would have 5 repeated at 1 and 2. 

 

Here is the algorithm for the optimization. 
 

Algorithm Optimize 

Call RemoveNullMoves (below) repeatedly until it returns False 

 

Algorithm Remove Null Moves 

Purpose: If an item is repeated in "L", remove both instances 

Input: list L 

Output: True if duplicates were found, False otherwise 

Found = False 

I = 1 

Size = length of L 

Repeat until I >= Size 

 Item1 = item at I 

 Item2 = item at I+1 

 If Item1 = Item2 

  Delete Item1 and Item2 from L 

  Size = Size - 2 

  I = I - 1 



  Found = True 

 End if 

 I = I + 1 

End for 

Return Found 

 

 

Step 2: Include a radio control to select the speed of cell moves in the auto mode. 

Design:  
Users may want to see the auto mode in slow-motion so they understand the moves, or 

they may want to just zip through it. We will take the "radio button" control from our 

library (see: http://www.abhayjoshi.net/spark/scratch/blog/library.pdf) and use it as is 

here. This control (sprite) allows you to click from 3 speeds: slow, medium, and fast. 

As soon as the user clicks the desired speed, this sprite sends a message, e.g. "speed 

slow" when "slow" is clicked. Our "Solve" button sprite process these messages to 

adjust the wait time between swaps. 
 

Save as Program Version “Final” 
Congratulations! You have completed all the main features of the game. As before, let’s 

save this project before continuing to the advanced ideas. Compare your program with 

my program at the link below. 

 

Solution: 8-sliding-puzzle-final.sb2 

https://scratch.mit.edu/projects/325245067/ 

 

How to play the game: 
1. Click on the “Green flag”: everything is reset to the original state. 

2. Click "Shuffle" to get a shuffled state, i.e. the numbers won't be in order. 

3. Click any neighboring cell (of the blank square) to swap its position with the 

blank square. Solve the puzzle by arranging number 1 thru 8 in order. 

4. Or, ask the program to solve the puzzle any time by clicking "solve". 

 

 

Author: Abhay B. Joshi (abjoshi@yahoo.com) 

Last updated: 5 June 2020 
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