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ANSWERS

A15.6 Pre-release material and skeleton

programs BugBotLab

Exam preparation - A level - OCR H446 2.2.1, AQA 7517 4.4.1.2, Edugas
A500QS 1.8 - about 45 min

What this lesson is about

Getting to know a skeleton program before the exam, the questions asked about it, and making exam-style changes

to one.

e What a skeleton program is ¢ The questions it brings

o Studying the skeleton before the exam * Reading unfamiliar code quickly

Questions 5 marks in all
1. A question asks you to change a skeleton program so a robot cannot move into a shelf, and there is [1 mark]

already an is_free method. What is the best approach?
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Call is_free in the move method before changing the position
Write a new check in the main program after the move
Delete the shelves from the grid

Rewrite the whole Warehouse class

Answer: A. Change as little as possible, in the right place, using what the program already provides, and
check before anything changes.

2.  What is usually needed for a skeleton program modification question? [1 mark]

Tick every answer that is true.
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The changed program code
Evidence of testing with the data the question gives
A copy of the whole skeleton program

A flowchart of the change

Answer: A, B. Marks are for the code and the evidence that it works with the specified test data.

3.  Which is the best way to prepare for questions on a skeleton program? [1 mark]
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Map its classes and subroutines, trace its main loop, and practise likely changes under time
Memorise its code line by line
Run it once to see what it does

Wait to read it in the exam

Answer: A. Knowing the structure and practising changes is what makes the questions quick.



4. Part of a changed skeleton. What does it print? [1 mark]

class Robot:
MOVES = {"N": (-1, @), "S": (1, @)}
def __init_ (self):
self.row = @
def move(self, d):
if d not in Robot.MOVES:
raise ValueError("unknown direction")
self.row += Robot.MOVES[d][@]
bot = Robot()
for d in ["S", "Q", "S"]:
try:
bot.move(d)
print(d, bot.row)
except ValueError as e:
print(f"{d}: {e}")

Answer:

S1
Q: unknown direction
S 2

The unknown direction raises before the row changes, the exception is caught, and the loop carries on.

5. In the warehouse skeleton, MOVES is defined inside the class but outside any method. What kind of [1 mark]
attribute is it?
A A class attribute, shared by every Robot object
B A local variable of move
C A private attribute of one object

D A global variable

Answer: A. Attributes defined in the class body belong to the class and are shared by all its instances.

The task: change the skeleton program



The skeleton below simulates a warehouse robot on a grid. Warehouse(rows, cols) makes a grid of ".
squares; add_shelf(row, col) putsashelf "#" onasquare; is_free(row, col) returns True ifa
square on the grid has no shelf; show(robot) prints the grid with the robot as R. A Robot starts at row 0O,
column 0 with a whole-number battery . Row numbers increase going south, and columns increase going
east. As in the exam, it has weaknesses. Make these changes. 1. Change move(self, direction,
warehouse) so that it does these checks, in this order, before anything changes: - if direction is not one of
the keys of Robot.MOVES, raise ValueError("unknown direction") ;-if battery islessthan 5, print
battery low and return without moving; - if the new square would be off the grid, or warehouse.is_free
says it is not free, print blocked and return without moving, using no battery; - otherwise move to the new
square and reduce battery by 5. 2. Change the main program so that a ValueError from move is caught:
print <command>: <message> (for example X: unknown direction ) instead of the position line, and carry
on with the next command. Do not change Warehouse, the shelves, the starting battery or the list of
commands. The robot on the mat stays still.

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

class Warehouse:
def __init_ (self, rows, cols):
self.rows = rows
self.cols cols
self.grid [["." for c in range(cols)] for r in range(rows)]

def add_shelf(self, row, col):
self.grid[row][col] = "#"

def is_free(self, row, col):
return self.grid[row][col] == "."
def show(self, robot):
for r in range(self.rows):
line = ""
for ¢ in range(self.cols):
if r == robot.row and c == robot.col:
line += "R"
else:
line += self.grid[r][c]
print(line)

class Robot:
MOVES = {"N": (-1, @), "S": (1, @), "E": (@, 1), "W": (@, -1)}

def __init_ (self, battery):
self.row = 0
self.col = 0
self.battery = battery

def move(self, direction, warehouse):
d_row, d_col = Robot.MOVES[direction]
self.row += d_row
self.col += d_col
self.battery -= 5



warehouse = Warehouse(4, 5)
for row, col in [(1, 1), (1, 2), (2, 3)]:
warehouse.add_shelf(row, col)
bot = Robot(20)
for command in ["E", "S", "E", "N", "N", "E", "E", "S", "X", "S"]:
bot.move(command, warehouse)
print(command, bot.row, bot.col, bot.battery)
warehouse.show(bot)

The hint students can ask for: Read the whole skeleton before changing anything, and find where each change belongs.
Do the checks in move in the order given, and leave the method as soon as one fails, before anything has changed. The
main program only needs a try around the call, so the unknown direction is reported and the loop carries on.

A solution

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

class Warehouse:
def __init_ (self, rows, cols):
self.rows = rows
self.cols = cols
self.grid [["." for c in range(cols)] for r in range(rows)]

def add_shelf(self, row, col):
self.grid[row][col] = "#"

def is_free(self, row, col):
return self.grid[row][col] == "."

def show(self, robot):
for r in range(self.rows):
line = ""
for ¢ in range(self.cols):
if r == robot.row and c == robot.col:
line += "R"
else:
line += self.grid[r][c]
print(line)

class Robot:
MOVES = {"N": (-1, @), "S": (1, @), "E": (@0, 1), "W": (0, -1)}
COST = 5

def __init_ (self, battery):
self.row = @
self.col = 0
self.battery = battery

def move(self, direction, warehouse):
if direction not in Robot.MOVES:
raise ValueError("unknown direction")
if self.battery < Robot.COST:
print("battery low")



return
d_row, d_col = Robot.MOVES[direction]
new_row, new_col = self.row + d_row, self.col + d_col
if not (@ <= new_row < warehouse.rows and © <= new_col < warehouse.cols) or not
warehouse.is_free(new_row, new_col):
print("blocked")
return
self.row, self.col = new_row, new_col
self.battery -= Robot.COST

warehouse = Warehouse(4, 5)
for row, col in [(1, 1), (1, 2), (2, 3)]:
warehouse.add_shelf(row, col)
bot = Robot(20)
for command in ["E", "S", "E", "N", "N", "E", "E", "S", "X", "S"]:
try:
bot.move(command, warehouse)
print(command, bot.row, bot.col, bot.battery)
except ValueError as error:
print(f"{command}: {error}")
warehouse. show(bot)

Any program that meets the task's checks is marked correct in the simulator; this is one way, not the only way.

BugBotLab - free Python lessons that drive a robot - www.bugbotlab.com/learn/a15-6-skeleton-programs/ - You may copy this for your class.



