
Submit Manuscript | http://medcraveonline.com

Introduction
Over 30 or 40 years ago, most kids did not have computer 

access daily.1,2 The situation has completely changed. With children 
now having widespread access to computers and other electronic 
devices, educational games like Lightbot.3 have become valuable 
tools for introducing fundamental programming concepts such as 
loops and subroutines. Serious-game designs have drawn quite some 
attentions.4–6 Lightbot has a free version named Lightbot Code Hour 
consisting of 20 levels and a paid version with 50 levels, also a paid 
junior version with 42 levels. The goal is to light up all the lights 
using a robot by giving it fixed instructions. It has been studied 
in.3,7 However, optimal solutions are not discussed until the recent 
work.8,9 Optimal solutions found add up to 173 blocks after a rigorous 
check by the computer for the free version. The paid version was 
not systematically studied in the literature until our re-cent work.10,11 
Optimal solutions found add up to 471 blocks.

When looking for optimal solutions for Lightbot levels, the idea of 
periodicity comes into play which is shared by another game named the 
Rubik’s Snake.12 Some mathematical problems including periodicity 
concerning a Rubik’s Snake have been studied.13,14 A comic book was 
also published to make some basic research accessible for kids.15

We borrow some ideas from the study of Rubik’s snake to carefully 
study the optimal solutions for Lightbot junior version and provide a 
complete list of the block numbers for optimal solutions, as well as the 
detailed analysis of all the non-trivial levels.

The rest of the paper is organized as follows: in Section 2, we give 
a complete list of number of blocks needed for the junior version. In 
Section 3, we explain the non-trivial levels in details. In Section 4, we 
give new map designs for complicated solutions with many periods. 
We conclude in Section 5.

A complete list of the number of blocks needed for 
optimal solutions

In this section, we provide a complete list of the number of blocks 
for optimal solutions. All these optimal solutions are verified by our 
computer code that they do solve the problems and they cannot be 

further improved. Players can use the information to compare with 
their own solutions.

For Stage 1 levels, the number of blocks are 
3+5+9+6+12+11+6+11+9=72.

For Stage 2 levels, the number of blocks are 
4+4+6+6+10+11+12+12+10=75.

For Stage 3 levels, the number of blocks are 
5+6+10+11+4+10+10+11+12=79.

For Stage 4 levels, the number of blocks are 
8+7+11+9+13+11+14+17=90.

For Stage 5 levels, the number of blocks are 4+4+8+8+8+7+6=45.

Overall, the verified optimal solution is 72+75+79+90+45=361. 
See Figure 1.

Figure 1 The overall optimal solution for Lightbot junior version.

Non-trivial levels for junior version

There is no need to explain the first three stages, as they are all 
sequential with no subroutine allowed. We will ex-plain the non-
trivial levels 4-3, 4-7, 4-8 and 5-7.

The idea for getting an optimal solution for 4-3 is, clearly 
“jump, light, jump, light, jump, light” is a pattern that can be applied to 
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Lightbot is an interesting game app that has strong educational purpose to guide kids at 
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both stairs. We just need to modify this in the subroutine to ensure it 
also works for the connection part between stairs, taking advantage of 
the fact that we can make a light off then on again. Figure 2 shows an 
optimal solution. It is easy for human players to overlook the optimal 
solution for level 4-7 because the common idea is to sweep column by 
column. The trick here is to establish a spiral sweep for two rows then 
jump up two levels and repeat. Figure 3 shows an optimal solution.

Figure 2 Level 4-3.

Figure 3 Level 4-7.

In level 4-8, the idea is similar to 4-3 that we use a common sequence 
to handle the straight line parts and connection parts. Figure 4 shows an 
optimal solution.

Figure 4 Level 4-8.

In level 5-7, the idea is to come up with a period that, when 
repeating several times, the robot goes to a symmetric position with 
a 90 degree rotation then we could repeat. Figure 5 shows an optimal 
solution.

Figure 5 Level 5-7.

The optimality of all levels are rigorously verified as in.9–11 The 
idea is to exhaust all combinations with small number of total blocks, 
and for each combination, terminate the search if all lights are on or if 
the current state (a com-bination of robot position, robot orientation, 
elevator height and light status) has been seen in the history.

New designs for complicated solutions with many 
periods

We would like to extend beyond the existing levels.	
The third author has created a website https:

//ed2k.github.io/Lightbot/src/develop/ by modifying existing open 
source codes. The new functions

added include a map editor (the orange button) that allows

us to modify the map for our research purpose. Also, two keys 
“fast” and “fastest” are added in addition to “run” so that the execution 
speed can be adjusted to handle a solution with many periods. The 
implementation of elevators is also added by the third author. Figure 
6 shows a new design of the map using the website. Figure 7 shows 
the map editor. (The initial location and orientation of the robot 
can be changed in the main program by making initial moves.) The 
interesting part is that readers can all access the website for free and 
design their own maps then solve their own puzzles.

Figure 6 New map design.
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Figure 7 New map editor.

The main idea to generate solutions with many periods is as follows. 
First, we need several lights so that it is not easy for them to be on 
simultaneously. Second, we need many elevators cause the periodic 3 
variation of an elevator combined with periodic 4 rotation can generate 
many variations. Third, we place elevators in an alternating pattern 
with even and odd heights to create further variations. Fourth, we 
need to pick a sequence that have enough variations. Finally, some 
minor adjustments can be done using exhaustive search. Note that 
the solution is not needed to have the least number of blocks for this 
research purpose.

We use a 6-by-7 map similar to the one in level 24 from the website. 
(1,1) is the lower right corner. For the first 6-by-6, the elevators are at 
height 0 for even sum of indexes and height 1 for odd sum of indexes 
to start with. The 7th column have 6 lights at some heights. The robot 
is set to be at (6,6) location with the column of lights on its back. 
The sequence we propose is “forward, light, jump, jump, light, jump, 
left”. Tap to highlight “MAIN”. Tap “Proc1” in instruction list to let 
MAIN program call PROC1. Tap to highlight the “PROC1” below 
(the one with all capital letters). Then tap “forward, light, jump, jump, 
light, jump, left” one by one to bring them into PROC1. Finally tap 
“Proc1” in the instruction list another time so that it goes to the end of 
the list in PROC1 to call itself, forming a loop. This gives quite some 
variations. By an exhausting search of all possible heights up to 6, we 
found that the 7th columns with “6,3,3,5,5,3” heights have the most 
number of periods: 656547 periods! Note that the original Lightbot 
game, no matter paid or free version, at least for optimal solutions, the 
periods are all less than 50.

Now we fix the “6,3,3,5,5,3” heights for lights and make a minor 
adjustment to elevators. We only modify the initial heights of two 
elevators by 2 or 4. After an exhaustive search, if we modify the (1,5) 
location to have initial height of 2 and the (2,2) location to have 
initial height of 4, it corresponds to the most periods we found: 
1767135 periods! This would take minutes to execute even using the 
“fastest” button to speed up but in the end, all lights are indeed on 
simultaneously.

To summarize, the procedure above combines heuristic idea like 
using elevators with alternating heights, rigorous local search like 
exhausting heights of the 7th column up to 6, and an overall plan to 
fix some conditions and exhaustively search for others each time to 
keep the computational cost within reach. When global exhaustive 
search is out of reach (the heights of blocks and elevators, the robot 
position and orientation, the light locations, and the sequence can all 
vary, much more complicated than finding optimal solution for those 
original lightbot versions) we can still use more than one local search 

within reach. Readers are welcome to verify the result by actually 
editing the map using the map editor and compare the time spent for 
each solution.

Conclusion
Although Lightbot (junior version) is a game for kids to learn 

programming skills, finding optimal solutions is non-trivial especially 
for some tricky levels of the junior version. We gave detailed optimal 
solutions to the non-trivial levels of Lightbot (junior version) and a 
complete list of conclusions verified by our computer code for all 
levels. Overall the optimal solution is 361. We also designed new 
maps to have complicated solutions with as many as 1767135 periods. 
Readers are welcome to design their own maps as well using the 
website.
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