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Debug a paper robot

Where does an instruction sequence first stop matching its goal?

Give a paper robot a starting direction, trace its commands and repair one route. No coding
software is needed.

Investigate | 15-25 minutes, or one trace | Paper and a pen or pencil, A small paper arrow, or a
drawn arrow you can redraw

Start here Draw a 4-by-4 grid. Columns run left to right and rows bottom to top, both 1to 4.
Put an east-facing arrow at (1,1), a goal at (3,3) and a block at (2,2).

Start (1,1), facing east

4 F Move forward one square
3 G L /R Turn on the same square
First attempt: F, L, F ...
2 X 5
- Stop before blocked (2,2)
1 E :

Repair: F, F,L,F, F
1 2 3 4 Four moves + one turn reach G (3,3)

A turn changes direction, not position

1 Set the command language

F means move one square in the direction the arrow faces. L means turn left 90 degrees on the
same square; R means turn right 90 degrees on the same square. Turns do not move the robot.
Stop before a move would enter the block or leave the grid.

2 Trace the first program

Try F, L, F, F, R, F from the stated start. Record the square and facing direction after each
command. At the first blocked move, stop and mark that command instead of completing the
rest.

3 Make a repair

Reset the arrow to (1,1), facing east. Try F, F, L, F, F, or design your own sequence. Record the
trace again. Reaching the goal is useful information about this starting case.

4 Explain the repair's limits

Describe which instruction caused the original problem and why the replacement route avoids

it. If you want another test, change the starting direction on paper and predict whether the
same commands still work.
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Exact example locate the first blocked move

This robot and its board are invented. East is right, north is up. The goal is (3,3); the
robot begins at (1,1), facing east.

* F, L, F... move to (21) east; turn north at (2,1); the next F would enter blocked (2,2), so stop
before it.

* Repair F, F, L, F, F: (2,1) east - (3,1) east - (3,1) north - (3,2) north - (3,3) north.
* The repair reaches this goal in five commands: four moves and one turn.

What this example can show The repair is tested by tracing this one starting case. It is not a
general route-finding algorithm, a real robot test or proof that every changed board will work.

A different way

Use the supplied trace and point to the first problem, or have someone move the arrow exactly
as you direct. A smaller empty grid is another valid starting point.

If you want to go further

Write a repeat instruction for two forward moves and explain what it expands to. Test a
different starting direction before claiming the shorter notation still reaches the goal.

Something to notice
Did | check the robot's direction as well as its square?

Read or explore more

Horizon topic Computing

https://launchhorizonhg.com/learn/computing/

Horizon topic Algorithms Debugging

https://launchhorizonhqg.com/learn/algorithms-debugging/

Horizon topic Loops Repetition

https://launchhorizonhg.com/learn/loops-repetition/

CS Unplugged, University of Canterbury Computational Thinking and CS Unplugged

https://www.csunplugged.org/en/computational-thinking/

Computer Science Field Guide, University of Canterbury Algorithms

https://www.csfieldguide.org.nz/en/chapters/algorithms/
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